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'ABSTRACT

'The solar burst of 21 May 1984 presented a number of unique features, The
time profile consisted in seven maJor structures (seconds), with a turndver
frequency > 90 GHz, well correlated in time to hard X-ray emission. Each
structure consisted in multiple fast pulses (1072 seconds), which were analysed
in detail. It has been confirmed a proportionality between the repetition rate
of the pulses and the burst fluxes at 90 GHz and > 100 keV hard X-rays, and
found an inverse proportionality between repetition rates and hard X-rays power
lav indices. A synchrotron/inverse Compton model has been applied to explain -
the emission of the fast burst structures, which appear to be p0351b1e for the
first three or four structures.

A number of unique characteristics were foynd in a solar event observed in
21 May 1984, 1326UT at 30 and 90 GHz by Itapetinga Radio Observatory using
high time resolution (1 ms) and high sensitivity (0.03 S.F.U.), and at hard
X-rays. by the HXRBS experiment on board of the SMM satellite, with 128ms time.
resolution. This event was also observed by patrol radio telescopes at 7 GHz
(Itapetinga) and at 1.4, 2.7, 5, 8.8 and 15.4 GHz (AFGL; Cliver, 1984). The
time profiles at hard X—rays, in two energy ranges, and at 90, 30 and 7 GHz
radio frequenCLes are shown in Flgure 1.

The event presented seven major time structures (1-2 sec duration) at 90
GHz, very well correlated to hard X-~rays. They:are labeled A-G in Figure 1.
The 30 GHz emission enhanced only after the fourth structure, and are also well
correlated to the 90 CHz and hard X-rays emission. The radio emission intensity:
increased towards the shortest mn-waves,, indicating a turnover frequency at
about or above 90 GHz for all seven major time structures, as shown by the

spectra in Figure 2,
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Figure 1 -~ The solar burst of 21 May 1984,
1326UT, observed at 7, 30 and 90 GHz (Ita
petinga Radio Observatory) and hard X-rays -
(HXRBS-SMM) . The seven major tlme structu
res are labeled A- G. : , B

Each structure was expanded in 4 second sections, in order to analyse
their time profiles in more detail. Using running mean technique,we filtered
the 4 seconds sections to evidence pulses at 30 and 90 GHz (Figure 3). The
plots show that each radio structure, consisted in packets of fast pulses
with durations of tens of milliseconds and relative amplitude of ~50% at 90GHz
and of less than 57 at 30 GHz. After the fourth structure, when the 30 GHz
emission was enhanced, we verified that the pulses between 30 and 90 GHz were
generally in phase, to better than 10 ms (Figure 4). -

Time expanded 4s sections were also analysed in comparison to hard X-rays,
and in terms of spectral indices. Two examples are shown in TFigure 5. At
X-rays, the pulses are not visible because their durations (~60 ms) are shorter
than the time resolution available (~128 ms). However, when compared with time
integrated 90 GHz data, in the same 128 ms, the overall time structures appear
to be well correlated. Therefore it is likely that the fast pulses are also
present at hard X-ray and would be detected if enough sensitivity, and time

"resolution were available. 1In this case, it 1s plausible to assume that both,

the radio and hard X-ray pulses, are produced by the same population of energe—
tic electrons.
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" ‘Figure 2 - Radio spectra for the maximum of each major
time structure of the 21 May 1984 event, as indicated

in Figure 1.

Table I summarizes the main characteristics of each major time structure
of the burst. The spectral indices of the burst structures are distinguished
from the indices of a slow underlying burst emission component (~20 seconds).
At radio, the spectral indices a are defined as F « va, where F is the flux
density and v the frequency. The spectral indices between 30-90 GHz enhanced
for each superimposed structure with 0~0.3 - 2.5, while the underlying slow
component spectral index was varying slowly in the 0-1.0 range. The X-ray
power—law spectral indices § are defined as F « E~4, where F is the flux, E
the photon energy, and q = 8-1. The corresponding hard X-ray structures
exhibited spectral indices reductions to = 3, vhile the slow componént remained
at the § ~4-5. The spectra become harder in peak of each structure (Figure 5,

Table T).



' Table I - Parameters gf'the_burst major time structures, labeled A-G(Figure 1).

il o

The spectral indices o and q are mean values at the maximum of each structure.

Radio fluxes are in s.f.u., 1 s.f.u. = 10722 w/m? Hz, and X-ray fluxes are in
units of 3 x 10723 erg/cm2 s Hz. R is the repetition rate of fast pulses for
each structure, R = N/At, with N the number of pulses, and At the duration of
the major structures (or packet of pulses).

Flux X-rav speceral indices packet 1-\'9 e-fold

Strue Flux Flux >30 >100 | burst slow coma. dur. pulses B rise ) 4FlF
ture 90 GHz 30 CEz keV keV o q a q (sec) . N. (5-1) tice (s) 90 CHa

A 8 3 0.2 | oot | 12| 22| o8fs0] 20 3 1.5 60 50

B 3% 5 0.6 0.03 1,8] 2.5 0.3 ] 4.0 3.8 n 2.9 70. 20

c 83 7 0.7 0.05 2,51 1.9 | 1.0 3.0 2.8 14 5.0 40 50

D 0 [« 9 T0.4 | 0.02 ) 1.6 2.7 4.0)3.4] 1.6 H 3.0 60 | 20

E 58 24 1.1 "0.06 0.9 1 2.4 0.3 | 3.4 1.7 6 3.5 50 ' 30

F 27 12 . 0.6 '} 0.02 0.7 4 2.8} 0.3 }3.4 1.6 & - F 2.5 60 50

G 23 16 0.5 0.03 0.3} 2.7 0.0 ] 3.5 1.0 3 3.0 60 40 -

Interesting properties are found by correlating pulse repetition rates and
the fluxes at 90 GHz and X-rays, for the various packets of pulses. The '
scatter diagrams (Figure 6) are for the seven structures which, together,
included 46 fast pulses. The correlation coefficient was excellent at > 100
KeV X-ray and 90 GHz (better than 90%) but not so good at > 30 KeV X-rays
(60%) ! These results favour the well accepted assumption that the mm-wave

emission are better associated to the higher energy X-rays and confirm the idea. ...

that the pulses emission are quasi-quantized in energy (Kaufmann et al., 1980; .
Correia, 1983; and Loran et al., 1985). The characteristic energy'radiated‘
by each pulse at the emitting source can be estimated as 5 x 1020 ergs at

90 GHz and 1020 ergs at 5 100 KeV X-rays. ' o

Another and new result was found by correlating the pulse repetition rates
and hard X-ray power-law spectral index, shown in Figure 7. The correlation
coefficient is very good (91%). This result suggest that the harder is the
spectrum, "the larger is the repetition rate. ,

The fast pulse emission and the high radio turnover frequency are
difficult to be interpreted using models currently available which consider the
acceleration of non-relativistic or mildly relativistic electrons (Kaufmann
et al., 1985; and McClements and Brown, 1986). o

One possible explanation assumes the acceleration of ultrarelativistic
electrons which produce a synchrotron emission component spectrum peaking
somewhere at v 5 10!! Hz. The current hard X-ray -emission is attributed-to
inverse Compton quenching on the synchrotron photons produced in a compact,
bricht and short—lived source (Kaufmann et al., 1986). We analysed here this
possible interpretation for all the seven major structures of the 21 May 1984
event, ' : . :
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Figure 3 - 'All the structures at 90 and 30 GHz plotted on a 4s expanded time
scale with a running mean subtracted from the measured fluxes at the two
frequencies. The flux scales are indicated for structure C, and are kept the
same for all the other 4s sections.

. R A

Using the formulation of the synchrotron/inverse Compton model given by
Kaufmann. et "al., (1986), we obtained the pulse source characteristics in each
one of major time structures. The results, considering a magnetic field of
500 gauss are given in Table II.

The application of the synchrotron/inverse Compton model seems to work
self-consistently in the first four major time structures(A, B, C, D), which
have turnover frequencies well above 1011 Hz. The estimated source parameters
required to explain the high turnover frequency and the short pulse durations.
(~ 60 ms) are:source of ~1O7cm and ~101l'em™3 density of energetic electrons
with Lorentz factor y > 40. The model predicts a turnover frequency around °
1013 nz, A -

For the last three structures (E, F, and G) exhibiting a turnover
frequency at about 101! Hz, the application of the model would require
unrealistically high numbers of energetic electrons. The last three structu-
res might be explained by existing models that do not require the acceleration
of ultrarelativistic electrons (for example: Dulk and Marsh, 1982).
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‘Figure 5(a) - A comparison of
flux and spectral indices at
90 and 30 GHz, and hard X-rays
(> 30 KeV) for Structure C.
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X-rays was 128 ms, and at radio was 4 ms.
was time integrated in 128 ms, in order to compare to the X-rays time-profile.
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Figure 5(a), for Structure E.
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" 'Figure 6 - Scatter diagrams: (a) Pulse
repetition rates and fluxes at 90 GHz,
(b) repetition rates at 90 GHz and
fluxes at hard X-rays (> 100 KeV), and
(c) repetition rates at 90 GHz and
fluxes at hard X-rays (> 30 KeV), for
all the seven structures.
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‘Compton to bremsstrahlung losses "intrinsic"

Table II - Pulse source characteristics defined by Kaufmann et al., (1986)

synchrotron/inverse~Compton model application of each major time structure

as labeled in Figure 1. Parameters are defined at times t = t_ (at the
begining of the pulse) and t = t; (at the maximum of the pulse radio emission).
v is the Lorentz factor, & is the fraction of energy lost by the electrons,
E=xy(t =t )/y(t = ty); v__ is the maximum frequency of the spectrum produced
by the accelerated ultrareiat1v1st1c electrons; K is the proportionality factor -
of the power law distribution N(y) = Ky o, N and N are the density and total
number of electrons accelerated per pulse; r 15 the ratio of the inverse-—

é ‘the emitting pulse source.

v v C
STRU sm .. sm . . Y scale
TUREE (t=t, (t=tp) | & e,f:i, . ]_A% [ N3 Y c/B size
: Hz Hz ectrons |electrons | cm (e=tp)| to tp | o
A 7x0t axio'? 021 2x10%7 2x10”t 2x10'® 47 107 10 107
. 7 "
B osx10t®  ax10'? o0.26  10% 2x10%%2 20! 40 107 56 107
¢ 0% 2x0!? 0.17 4x10°%  sx10%t sxa0l® 39 107 2 107
b 9x10td  axi0l? 021 9x10%l  2:a0%% a2xmioll 45 30’ 24 107
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