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ABSTRACT, Hydromagnetic interpretation of the solar flare short time sca-
le structure indicated in microwave snd hard X-ray emission during the impul-
sive phase is presented. The main assumption is that the plasma ejection from
the current sheet may be considered as a forced convection by an isolated so-
urce. From this point of view some analogies with small scale short lasting
hydrodynamic and laboratory plasma structures are drawn.

T'UMIPOMATHNTHAA MHTEPIIPETAOMSA KPATKOBPEMEHHHX CTPYKTYP B COJHEYHHX BCITHI-
KAX: IlpemcraBnena CMIDOMAIHTHAS MHTepNpeTauus KDATKOBpPEMe HHHX CTPYKTYP B COJ-
HEeYHHX BCIHIIKAX, KOTOpDHE HabADZADTCH BO BPEeHA MMIOYAbBCUBHON PABSH B MMKPOBOJHO-
BOM ¥ XECTKOM DEHTreHOBCKOM M3JAyuYeHuMM. [IaBHOE HOpeLNOJOXEeHME COCTOMTCA B TOM, .
4TO BHOpPOC NIJN&3MHE MOXHO DacCMaTpPUBATL KAK BHHYXOEHHYD KOHBEKUMD MSOJUPOBAHHHM
HCTOUHUKOM. C TakKoff TOUKM BpEHMd HeJamTCHd QHAJOTUM C HEKOTOPHMM MEAKOMaCHTAat-
HHMM KDaTKOBDEMEHHHMU CTDYKTYypaMU B CMIAPOAMHAMMKE ¥ JA6OPATOPHON miasMe.

HYDROMAGNETICKA INTERPRETACIA KRATKOTRVAJUCICH STRUKTUR V SLNEEN{CH
ERUPCIACH. Krétkotrvajice Struktiry v slne&nych erupcidch si indikované emi-
siou v mikrovinnom a tvrdom rontgenovom Ziarenf po¥as impulznej fézy erupcie.
V prispevku je uvedend hydromagnetickéd interpretécia tfchto krdtkotrvajicich
erup®nych Struktir. Hlavny predpoklad zavedeny v préci pre vyron plazmy 2z
pridove]j vrstvy Je predpoklad o vynitenej konvekcii, ktord je spdsobend izolo-
vanym zdrojom. Uvedené su analégie s niektorymi rozmerovo malymi a krédtkotrva-
jicimi Btruktérami v hydrodynamike a v laboratérnej plazme.

1. INTRODUCTION

Already the early analysis of the hard X-ray emission (Frost, 1969; Van
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Beek et al., 1974; De Jager et al., 1976 ) has shown that the impulsive phase
of solar flares involves a great number of events of a relatively short dura-
tion. The term "elementary flsre burst" (Van Beek et sl., 1974) was introdu-
ced in order to make a difference between the individual and similar in form
"gpikes" of a duration from 5 to 20 sec, measured in hard X-ray fluxes.

Later on, the rapid variations in the millimeter-wave radio-flux were
interpreted (Kaufman et al., 1980) as effects of subsequent superposition of
individusal "sub-bursts" of time scales of about 50 ms. The same time scale
was determined also for the fluctuations in the hard X-ray flux, measured du-
ring the experiments on the Solar Maximum Mission (Kiplinger et 2l., 1983).

Recently, Sturrock et al. (1984) have identified four phases of diffe-
rent time scales of the energy release in solar flares. According to them,
each of these phases is characterised by the action of specific physical pro-
cesses. They suppose that the emergy release of the elementary magnetic tube
produces an elementary burst, lasting about several seconds. The formation of
magnetic "islands" during this process is considered to be the reason for the
generation of sub-bursts, generally lasting parts of the second.

This work refers to short time scale structures, observed during the im-
pulsive phase of solar flares. In the following sections we make an attempt
to show that, from the point of view of hydrodynamics and laboratery plasma
physics, the formation of small scale magnetic structures of short duration
is possible during this phase.

2. HYDROMAGNETIC INTERPRETATION

The large scale magnetohydrodynamic interchange instability (Pikel’ner
and Tzitovich, 1973; Parker, 1973) can be considered as the basic mechanism
of plasma ejection from the current sheet of a solar flare. The hot and dense
plasma outflows with a velocity close to the Alfvén velocity VA in the cooler
and less dense surrounding medium. Due to the limited thiclkness of the current
sheet this ejection can be viewed as a forced convection by isolated source.
From such a point of view the problem of formation of small scale short las-
ting structures in solar flares is reduced tc the problem of the "onset of
turbulence", i.e. to the study of the way in which s flow "jumps" from a quiet
stable laminar state into a turﬁulent state.

Numerical computations have shown that the onset of turbulence in the
Lorenz system (Lorenz, 1963) is characterized by the fact that the trajectory
of the chaotic motion, after some transients, rapidly reaches an "attractor"
which does not depend on the initial conditions and is structurally stable.
However, even a simple phenomenclogical consideration of the properties of a
fully-develeoped turbulence, in particular the question of intermittence, or in
other words the spottiness of small scales, is a rather complicated task.

Without going into details we can consider the ejected plasma as a turbu-
lent flow, generated by a finite source which emits fluxes of mass and momen-
tum at a steady rate, as well as buoyancy. Morton (1959) has shown that such
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Fig. 1: Structure of the electric currents and magnetic fields in a plasmoid,
cut off from the plasma jet. 1 - plasmoid, 2 - internal current helix,
3 - longitudinal magnetic field, 4 - azimuthal magnetic field (accor-
ding to Komelkov et al., 1962)

a general flow, called by him a forced plume, can be considered as a flow from
a virtusl point source of momentum and buoyancy only. These turbulence flows
in fluids are rather well studied theoretically and experimentally (see Tur-
ner, 1973 and the references there).

It is well known from hydrodynamics that when a volume of fluid is for-
cibly ejected into a quiet homogeneous medium, a vortex ring is formed, in ’
which the vorticity is concentrsted within a sharp core. It can be turbulent
and in this case the radius of its cross-section increases, remaining nearly
proportional to the radius of the ring. The core is carrying along with it a
spheroidal region of nonbuoyant fluid which is very similar in shape to the
thermal.

The impulse in vortex rings and Hill’s spherical vortexes in ideal fluid
depends only on the full vorticity and the radius (Lamb, 1932; Turher, 1957),
while the energy depends mostly on the vorticity distribution in the moving
region. The form of this region strongly depends on the ratio R/A, where R is
the radius of the region where the vorticity is concentrated, and A is the
radius of the circular-shaped section of the region where the vorticity is u-
niformly distributed. For smsll values of R/A the shape is like an oblate

133

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



Fig. 2: The possible development of a toroidal vortex structure

spheroid and the vorticity is concentrated in the core of the vortex structu-
re. According to Turner (1957) these regularities do not obviously depend on
the physical properties of the medium. They are equally valid for gaseous as
well as liquid media, but they depend essentially on the way of ring formation
and the subsequent vorticity distribution.

The matter ejected at a velosity V~V, from the current sheet is hotter
snd denser than that in the magnetic tube outside the sheet. In this case,
from the point of view of hydrodynamics of convective flows from isolated so-
urces, it is possible, in definite initisl conditions, gradually decelerating
turbulent vortex structures to be formed, which resemble a flat spheroid with
vorticity concentrated in the core.

On the other hand, the laboratory plasma experiments also show that re-
latively sta ble plasma structures, called dynamic stable current filaments,
are formed in different plasma devices (see for example Komelkov et al.,1960).
In the most general case such structures originate in toroidal vortexes. They
exhibit s proper longitudinal and azimuthal magnetic field of approximately
equal value of the order of 102 to 104 gs. The longitudinal field is recorded
from 2 to SCus after the generation of the discharge in the chamber. The so-
urce of this magnetic field is a dynamically stable current filament with a
helix~-shape cord, located along its axis. The latter is observed as a source
of hard X-ray emission reaching 200 - 250 keV. These current filaments are
stable over a wide time range (5 - 200(us), pressure (102 - 108 dyn/cmg) and
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Fig. 3: Curving of a current line.

density (10"° - 1073 g/sm3) of the plasma; the geometric size of the chamber

has a slight influence only. Figure 1 shows the structure of currents and mag-
netic fields in a plasmoid, cut off from the plasma Jet, according to Komel-
kov et al. (1962).

From the point of view of hydrodynamics and laboratory plasma physics it
is possible to explain qualitatively the mechanism of formation of similar
plasmoids during the impulsive phase of a solar flare. The energy release in
the elementary magnetic tube may lead to the formation of toroidal vortex
structures. In the case when R/4 is small enough, the vorticity will be con-
centrated in the core of the structure. The possible development of such a
vortex is illustrated in Figure 2.

The concentration of the vorticityin the core creates conditions for the
curving of the current lines, as a result of which a helix cord is formed in
the direction of the axis of the plasma structure. This is very important for
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the further evolution of the vortex structure. Since the direction of the cen-
trofugal force does not coincide with the direction of the magnetic field, s
drift motion of velocity U xB/mafB (Pikel’ner, 1969) will arise. The sign
of the angular frequency of the circular motion Gris different for electrons
and ions, so that the electrons will drift in a direction opposite to that of
ions. As a result, electric current along the cord will flow, which causes the
induction of a longitudinal magnetic field. In the most genersl case it can
be assumed that when such a vortex is deformed and lengthened along the axis
Z /see Fig. 2), its induction increases.

The general magnetic field can be expressed by the formula B = By -ﬂBz/R,
where By and Bz are the azimuthal and longitudinal magnetic fields respecti-
vely. The sense of the quantities R and [t is illustrated on Figure 3.

3. DISCUSSION AND CONCLUSIONS

In this investigation we do not propose any model for the small scale
short lasting structures of the solar flares. We only make an attempt to show
one possible connection between the process of interchsnge instability in cur-
rent sheet, which is probably going on in the solar flares, and the small
scale short lasting accompanying events, which are observed in hard X-ray and
microwave emission.

Recently, some discrete structures, observed in the resonance line Ca XIX
during the impulsive phase (Doyle and Bentley, 1986) have been interpreted as
random plasma flows of a velocity from 50 to 200 km/sec. The way in which such
a plasma flow "Jjumps" from a laminar into a turbulent state has not been stu-
died yet, but from numerical experiments it is known that during the onset of
turbulence in Lorenz system (Lorenz, 1963) the trajectories of the chaotic
movement rapidly reach an "attractor", which does not depend on the initial
conditions and is structurally stable.

We try to draw an analogy of the development of turbulence in a random
flow, ejected during the impulsive phase of the solar flares, with the forma-
tion of the forced plumes or the oblate spheroid-shaped vortexes. The small
scale hydrodynamic structures usually transport a very small quantity of ener-
&y. However, in the hydromagnetic case the small scale velocity gradients can
intensify the megnetic fields, which can result in a drastic change of the
properties of these structures.

A number of laboratory plasma experiments on the development of a stable
pinch effect imply the possibility relatively stable short-lived small scale
plasma structures to be formed, in which a proper magnetic field is generated.
In particular, such structures can be observed when a plasma "cluster" is
aqueezed through a slit, more stable filaments are formed when an external
longitudinal magnetic field is applied (Coltage et al., 1958; Bezbatchenko et
al., 1956).

One may expect by analogy that the solar flare plasma would exhibit simi-
lar properties during the impulsive phase. Similarly, in the region of current
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conducting turbulence a significant electric field of short duration is pos-
sible to be maintained, which suggests a possible particles acceleration me-
chanism. However, in order to completely elucidate the problem, a detailed
theoretical investigation on the subject would be necessary.
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