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Abstract

A general discussion of solar flares with emphasis on two-ribbon flares is given.
The basic differences between compact (simple-loop) and two-ribbon flares have also
been pointed out. Skylab observations have been presented to show that the hot loops
are seen first in X-rays, later in extreme ultraviolet lines and, after an appropriate
cooling time, in Ho as the loop prominence systems. Particle acceleration during a
long-enduring reconnection process in two-ribbon flares have been discussed.

‘General Discussion of Solar Flares

The solar flare represents a sudden release of energy in the surrounding regions
of the sun, It is & fascinating, complex end highly Informative phenomena. The solar
flares emit electromagnetic radiations and eject charged particles, Different regions
of the electromagnetic spectrum contain different information of flaring region. There-
fore, one must mssemble a composite picture of the flare by observing lts manifestatlons
right across the electromagnetic spectrum, Some of the morphological foatures of
solar flares are evidently shown in Fig.1.

For several decades flares were observed In Ha light as a sudden brightenings
of the chromospheric active regions. The Hua flare differed in their size and brightness
but ,they were believed to be occurring through the same process of instability on diffe~
rent scales on the sun. Radio observations for the first time showed that specific types
of radio burts were associated with some partlcular flares whereas other Ha flares
did not show them. This distinction became more cbvious from space-borne observations,
It was found that intense streams of atomic nuclei and relativistic slectrons In Bpaco
were coming from flares associated with type I and IV radio bursts, On the other hand
non-relativistic electrons were found to be closely linked with type 11l radio burst.

Spacecraft observations showed snother difference among Ha flares, Wheroas some
.flares emit only soft X-rays in the form of a gradual, long-lasting bursty the other
fiaring events produce a hard X-ray burst of short duration followed by or superimposed
on the soft X-ray emission. In some flares the hard X~-ray burst dominates the event.
Finally there are flares which repeatedly smit hard X-rays for minutes or even tens
of minutes. All these observations suggest that there may be different processes‘Involved
in different flares. However, a flare Is primarity a coronal phenomenon, The secondary
effects of flares are seen In the Ha lights In the chromosphere. Thus the pictures of

different flaring events in the corons were needed. These observations were obtained
from Skylab in 1973,

Skylab Observations

Skylab yletded flare images in eoft X-rays from above 3 A to about 50 A le. In
the energy range up to 4 keV. It also gave flare images in ultravioclet lines exhibiting
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Our present understanding of solar flares

the flare In the transition layer and corona. Thus for the first time It was possible

to gei the real three dimensional images of flares Instead of their footprints in the
chromaosphere.

The Skylab Flare Workshop (Moore et al.,, 1980; Svestka, 1981) has shown that
there are at least two different kinds of flare events, The first kind belongs to compacl
flares (simple-loop flares or static flares) in which a pre-existing leop or a system of
loops (emerging or exceedingly twisted) is excited without any apparent microscopic
dynamics of the flaring loops. The flare life time s compatible with a short-lived impul-
sive snergy Input and subseguent cooling. The second kind of flares concern the two-
ribban flares {dynamic flares) in which new loops appear subsequently in emission and
the loop system grows during the flare development. The life time greatly exceeds
the radlative cooling time so that a long-lasting continuous energy input is needed.
Thus we can expect that the hard X-rays, which mainly reveal the impulsive energy
Input, may be different in these two classes of flares. The Skylab observations of course,
did not include coverage of the hard X-ray spectral region {(hv> 20 keV), Some examples
of compact snd two-ribbon flares in hard X-rays are shown in Figs. 2& 3.

Two-Ribbon Flares

Using simulteneous ISEE 3 hard X-ray record and high-resolution Big Bear Ha movies
and the information contained in the NOAA Solar Geophysical Data Bulletin, Dwivedi
et al, {1984) suggested the followings

1. A two-ribbon flare is preceded in Ha by the activation and disruption of an active-
region filament, This criterion may be negative for some two-ribbon flares when
no filament is discernible at the flare site before the flare onsct (in young regions
or its previous disruption) but this is negative far all compact flares.

2. Two {or more) bright ribbons are seen in Ha, and these two-ribbons drift apart,
with Hy=0 line between them. This motion can be stopped by the strong longitudinal
fields in sunspots, but at least part of the ribbons should be seen moving. This
mation is usually quite fast in the onset phase of the flare, whereas the compact
flare patches (which may occasionally resemble 'two-ribbons') do not move.

3. A twosribbon flare is accompanied by metric ratio bursts' of type II andfor IV.
There are definitely two-ribbon flares where these radio emissions (or one of them)
are missing {cf. Svestka 1976, for a discussion of the reasons for that); thus this
criterion may be negative for some two-ribbon flares. However, this criterion is
negative for all compact flares.

4, Hard X-ray bursts associated with two-ribbon flares are invariably  long-lasting
of duration > 1 min) and complex,

} The exact process of triggering the filament activation In a two-ribbon flare is
not yet known. It is likely that a newly emerging magnetic flux nearby which changes
the magnetic configuration, or the growth of a coronal hole, which opens the magnetic
field; or a travelling disturbance from another part of the sun, which hits the magnetic
field c¢onfiguration and deforms it. After the filament disappears in the Ha, we see
in X-rays a system of growing loops, with maximum brighthess at their tops where
t.emperature exceeds 107 K. In Mo, we see two bright ribbons sligned with the Hy=0
line extending the footprints of the hot coronal loops. Sometime later, the system of

CCI.Ol loops, with temperature of the order of 10% K, rooted at the inner edges of the
bright ribbons are seen.
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The Flare of 1973 July 29

This major two-ribbon flare in a spotless active region is the best example of
a big two-ribbon flare observed on Skylab (Fig.4). Unfortunately the soft X-ray observa-
tlons etarted 3 hours after the onset of the flare. However, they still showed very
well the growing system of coronal post-flare loops, with temperature at the top in
excess of 5x10° K, In a series of papers on the flare of 1973 July 29 (Nolte"et al,
1979; Martin, 1979; Svestks et al. 1982a), it has been shown that Heg "ppgst-flare loopa
are the coocled sftermath of previously hot coronal loops which were visible in X-rays
in the same position earlier In the flare. Kopp end Pneuman (1976) have proposed that
these post-flare loops are formed by a process of successive magnetic field reconnections
of previously distended magnetic field lines as illustrated in Fig.6. The ﬂlamen} disruption
rmarks an opening of the originally closed magnetic field. Solar wind bgg:ns ta flow
along the open lines se that gas pressure inside the opened filament cavity decreases,
Thus magnetic pressure prevsils and drives the open field lines towards the neulrn)
sheet in the central of the disrupted cavity, where field lines begin to reconnect. The
reconnection starts at the bottom of the disrupted configuratlon and the neutral paint
then propagates upwards, creating progressively higher loops. The process of reconnecti_on
is very fast in its initial phase, but it progressively slows down as the neutral point
rises with decreasing speed through corona,

When a bunch of field lines reconnects and a new coronal loop Is formed, the upward
streaming along the field lines is suddenly stopped. Consequently, a shock is produced
at the top of the loop which travels downwards and can heat the loop to some 3 or
4x 108 K. In addition, the loop is heated at the top - where the reconnection were accom-
plished - by the reconnection process itself, probably through Ohmic dissipation of
the magnetic field energy at the reconnection site (Pneuman 1981). The heat is conducted
downwards, heats the chromasphere and produces the two bright chromospheric ribbong,
Some part of the heat chromospheric ges evaporates into the loop, thus enhancing its
density, Accelerated particles may also be involved in this process of chromospheric
heating (Svestka et al. 1980). One needs to add mass to the loop system, because other-
wise there is no enough plasma in the corona to make the cool Ha loaps visible (Kleczek
1963; Jefferles & Orrall 1963).

Soon after the reconnection is accompalished the newly formed coronal loops in
soft X-rays is seen (Moare et al. 1980), The loop then cools and after sometime ceases
to be visible in X-rays and becomes visible in various EUV lines with decreasing tempe-
rature. At the end the loop can be seen in k. It has been very nicely demonstrated
for the limb event of 1973 Auqust 14 {(MacCombie & Rust, 1979) where simultaneous
observations (Fig.6) were available In different lines: He II {T <10¥K), Ne VII (T =5%10° K),
Mg IX (T=9x10°K), Fe XV (T =2x10° K), Fe XVI (T =3x10°K) and soft X-rays
(T > 1.5x10% K.

The Kopp and Pneuman model has several key features In commdn with some ather
reconnection models which make it an attractive madel for two-ribbon flares In general
{Svestka et al. 1980). As illustrated in Fig.7, Skylab observations have shown that loops
are the fundamental form of the coronal part of EUV and X-ray flares. Secondly, when
recannection ocecurs, high energy particles and/or thermal waves would be accelerated
along the lower half of the reconnected magnetic field, The impact of such particles
and/or heat waves with the chromosphere can produce the typical two-ribbon flares.

Particle Acceleration

Two-ribbon flares have been shown to be powerful source of particle acceleration
(Svestka 1976). The first three weli observed gamma-ray flares (1972 August 4 and
7;_1978 July 11) were two-ribbon flares and duration of their hard X-ray emission was
quite extended (cf. Chupp et al. 1973; Hoyng et al. 1976; Hudson et al, 1980},
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The appearance of impulsive hard X-rey and microwave bursts during the initial,
flash phase of the flare reveals that the acceleration process starts very close te the
onset of the flare development. Almost simultaneously with hard X-rays, with & delay
shorter than one minute, major flares also emit the gamma ray line et 2.2 MeV (Hudsen
et al. 1980). However, this {neutron) line needs atomic nuelel with energy in excess
of 30 MeV for lts production {(Ramaty et al. 1977) and its formation must be delayed
because of the atomic processes Involved by at least 30 sec (Wang & Ramaty 1974).
Thus the acceleration process in the earliest phase of the flare development should
be able to accelerate protons to energies in excess of 30 MeV.

A question arises, by which process this initial acceleration ls sccomplished. There
are essentially two alternatives: either the acceleration occurs when the fllament
disrupts, in which ecase current interruption and shock-assoclated acceleration seem
to be the most likely processes, or the acceleration starts when the first loops are
formed, in which case it should be assoclated with the process of reconnection.

The fact that the impulsive bursts are seen only after the onset of the visible
flare l.e. after tha reconnectlon has started, strongly favours the second alternative.
Besides, simultaneously with the gamma-rays we also see flare white light emission
(Fig.8) which Is caused by accelerated particles, penetrating to the low ehromospheric
layers {Svestka 19703 Najita & Orrall 1970; Hudson & Dwivedi 1982). The white-light
flare patches are clearly the foot-points of one or more coronal loops. Thus a significant
fraction of the accelerated particles must be confined to the flare loops and this can
most easily happen 1f the particles are accelerated at the reconnection site (Svestke
et al. 1980). Then a fraction of the particles is trapped in the reconnected loop while
another part propagates upwards and can be accelersted to still higher energies in
the flare produced shock wave. Figure 9 shows a model of & two-ribbon flare event
as It has been schematically proposed by Svestke et al. (1980). Thus one can suppose
that at any time when & new loop reconnects, particles are sccelerated to enhanced
energles, The most energetic particles are produced when the first loops are formed
very low in the corona; after that the peak energy of the accelerated particles decreases
as the reconnectlon process slows down. But one can see that the whole acceleration
process proceeds for hours. In long-lasting post-flare loopevents, like that of 1973 July

29, some particles would still be sccelerated 12 hour after the flare onset (Svestka
et al. 1980).

Dwivedi et al. (1984) studied the acceleration process in'the corona, as it is mani-’

fested by the impulsive hard X-ray bursts at the flare onset. Their conclusions can
be summarized as follows:

1. Essentially sall two-ribbon flares that produce hard X-rays are characterized by
complex, long lasting hard X-ray bursts (Fig.4). In contrast the compact flares
tend to be associated with [solated, single peaks in hard X-rays (Fig.3). This seems
to confirm that there is a long-lasting acceleration process in the two-ribbon flares,
whereas the acceleration in compact flares ls Impulsive and short-lived.

2. However, even major two-ribbon flares need not necessarily produce hard (>20 keV)
X-rays, if the filament eruption and the two-ribbon formation occurs far from
the strong magnetic fluxes in sunspats.

3. The individual peaks in the hard X-ray bursts seem to be closely related to sunspot
proximity. At least in some events these peaks appesr at the times when new Ha
emission is seen in penumbrae of sunspots, This was the case, e,g., at the peaks
shown in Figs.4a, b, c. Separate spikes may correspond to brightenings at different
sunspots, sometimes quite far apart.
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Fig.1. Schematic flare model,
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Fig.2. ISEE-3 hard X-ray records of the emission
from compact flare, June 9, 1979 (Ha importance 5B).
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Fig.4. Soft X-ray pictures (3-54 l?\, above) and Ho photographs
(below) of the preflare situation {left) and the flare emission at
16:43 UT on 1973 July 29 (right). The hot X-ray loops, with
maximum brightness and temperature at the top, are rooted In
the chromospheric bright ribbons that extend along both sides of
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Fig.5. Kopp and Pneuman (1976) for post-flare loops.
In the quiet situation (top) the filamant is embedded
In a coronal cavity below a helmet of higher lying
loops, An instability opens the magnetic field and
the filament disappears (lower left). The field tapo-
logy at some arbitrary time during the flare (lower
right). Here,the open field is reconnecting to form
closed loops with the hottest at the top where
the magnetic energy is being released, and the cool
(Hy) loops lower down. These cool loops were formerly
hot but have lost maost of their thermal energy con-
tent due to radiation and thermal condution. The
chromospheric flare ribbons are presumably produced
by energy travelling downward (via either thermal
conduction or energetic particles) from the reconnect-
Ing region.



Our present understanding of solar flares

14 AUGUST 0100 UT

Fe XV ' Feo XVI 2-32, 44-54

Fig.6. Simultaneous EUV pictures and an X-ray picture of a
system of loops seen on the limb after a filament disruption (1973
Aug. 143 0100 UT). All plctures are on the same scale. The verti-
cal line on the Ne VIl and X-ray pictures shows the much higher
extension of the X-ray loops (After MacComble & Rust, 1979).
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1980 May 21 Flare

The mejor two-ribbon flare of 1980 May 21 is one of the best observed and studied
flare on record. The observations of this flare from SMM spacecraft provided the first
atudy of images of hard X-ray brightenings at footprints of loops during Impulsive phase
(Hoyng et al. 1981). The giant post-flare coronal arches following two-ribbon flares
were discovered (Svestka et al. 1982b). The high-velocity upward motlons was found
during the impulsive phase giving Information sbout the early phase of chromospharic
evaporation (Antonucci et al. 1985), A direct evidence for a late energy release high
in the corona was found during the growth of post-flare loops. This was lnterpreted
to be the hard X-ray images of the reconnection of flield lines.

Cloging Remarks

This review presents in an Introductory way some of the aspects of solar flares
as understood from earlier space-borne obgervations. Solar Max observation of 1980
May 21 flare has been presented in ordear to highlight the latest efforts continuing
to solve the flare puzzie. As we see, only one kind of flare tells a lot sbout it adding
new dimensions to our present understanding of the flare phenomenaon. This also shows
how complex the phenomenon is if one ever gets on to learn about it in toto.
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