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Using the measurements of impulsive solar X-rays made with the OGO-5 satellite to
identify the flash phase electron acceleration in solar flares of Ha-importance <1, the
satellite and ground based observations are analyzed to study the origin of the different
groups of non-thermal electrons responsible for the impulsive X-ray, impulsive micro-
wave, type III radio and interplanetary electron emission. The observational results
may be summarized as follows:

(1) About 68%; of the impulsive X-ray bursts have associated impulsive microwave
bursts. In the remaining 329 cases, it is possible that the microwave emission is too
small to be detected above the existing background level. In most of the correlated
events the microwave maximum occurs within +6 s of the X-ray maximum. The ob-
servations are consistent with an essentially simultaneous occurrence of the X-ray and
microwave maxima.

(2) About 379 of the impulsive X-ray bursts have associated type III radio bursts.
In a large number of the correlated events, the onset of the type III burst occurs within
4 1 min of the onset of the X-ray burst.

(3) In a solar flare the probability of occurrence of non-thermal electron density
spectrum with a particular power law exponent ¢ <4 is found to be nearly the same
whether the probability is deduced from the observations of the impulsive X-ray
bursts or the interplanetary electron events. For ¢ >4 the probability of occurrence
deduced from the two sets of observations is different. But this difference can be ex-
plained in terms of the hardening of the electron spectrum during its escape from the
flare region and/or during its propagation to a distance of 1 AU.

The above observations are consistent with the following interpretation. During the
flash phase of a solar flare, a population of non-thermal electrons is produced in a re-
gion such as the base of the corona where the ion density is small and consequently the
bremsstrahlung X-ray emission is also small. After a trapping time <1 minute the
electrons tend to escape from this region and propagate in the solar atmosphere guided
by the magnetic field structure. The trapping time may depend on the direction of
eventual escape from the production region. The group of electrons moving towards
the denser parts of the flare give rise to the impulsive X-ray and microwave emission.
The group of electrons moving towards lower density regions produce type III radio
bursts. Some electrons escape completely from the solar atmosphere and are observed
in interplanetary space by suitably located detectors. The above interpretation is con-
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sistent with models proposed, for example, by de Jager and Kundu (1963), Wild (1964)
and Anderson et al. (1970).
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DISCUSSION

Z. Svestka: There are many type III bursts. Only a few of them are associated with microwave bursts.
1 would like to know whether the type III bursts entering your statistics were all associated with micro-
wave bursts or not (i.e. coinciding in time with them so that one burst extended along the whole
spectrumy).

S. R. Kane: Most of the type III bursts were associated with microwave bursts but the two were
not necessarily coincident in time. The microwave bursts were coincident with the X-ray bursts. In
most cases the type I11 bursts did not extend to centimeter wavelengths.

H. J. Kunze: You discussed clear evidence for non thermal celectrons in solar flares. These electrons,
however, should excite plasma waves at the exectron plasma frequency @p which in principle are ob-
servable using ‘2nd order spectroscopy’ as defined by Burgess (this issue, p. 493.) More specifically this
means, one should observe ‘plasma satellite lines’ displaced by 2wy from allowed lines (perhaps Ha, Hf)
or others displayed by wp from forbidden lines (4/=0,2), for example Her lines. My question to
you, or perhaps to the general audience is: Have such plasma satellites ever been observed in solar
flares, or why not? Besides obtaining the level of excitation of such waves one would also obtain a very
accurate determination of the electron density.

S. R. Kane: The observations that I discussed here do not refer to line emission. Somebody who
makes such measurements should perhaps answer your question.

C. de Jager: The type HI bursts are probably due to jets of electrons moving upward through the
corona with velocities, smaller but comparable to the speed of light. Their occurrence must be related to
plasma instabilities in the flowing region and to the magnetic field configuration, which should be
‘open’ in such a way as to permit the upward motion of the electron jets. On the other hand the micro-
wave and X radiation, which as your statistics show are as closely correlated in the times of their
occurrence, may be due to accelerated particles trapped in the lower coronal regions.

Your observation that the correlation of type III bursts with X bursts is much looser, with type III’s
occurring already some 3—4 min. before the flares onset, shows ina dramatic way the capability of the
flare region to produce already occasional upward moving jets of electrons, at a time when the large
acceleration process, that gives rise to the flare proper, is not yet occurring.

S. R. Kane: An alternative explanation can be as follows. The flare process has occurred in that the
electrons have been accelerated as implied by the type III burst. The reason for the X-ray burst being
observed several minutes after the type III burst could be that some of the accelerated electrons were
trapped in the acceleration region for several minutes before they could escape and penetrate into the
denser regions of the flare, producing X-rays.
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