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ABSTRACT
The occurrence rate of type III solar bursts in the frequency

range 4.9 MRzto 30 kHz is analyzed as a function of burst intensity
and burst arrival direction. We find that a) the occurrence rate
of bursts falls off with increasing flux, S, according to the power law
s-1:3,and (b) the distribution of burst arrival directions at each
frequency shows a significantly larger number of bursts obscrved
west of the Earth-Sun line than east of it. This western excess
in occurrence rate appears to be correlated with the direction
of the average interplanetary magnetic field, and is interpreted

as beaming of the observed burst radiation along the magnetic field

direction.

*Presently at the University of Maryland, College Park, Maryland



1. INTRODUCTION

" Type III radio bursts viewed from different directions provide
important information on effects relating to prppagation conditions
in the corona and to the burst emission process. The directivity of
an individual' burst can be obtained from simultaneous observations
of the burst from several locationg which subtend a wide angle from
the source. Such measurements have been made by the STERED experiment
at meter wavelengths (Caroubalos et al., i274) in which the observing
locations were the Earth and a distant space probe. An alternate
method for obtaining directivity information is by statistical studies
of burst distributiomgover observing directions made from a single
location. Previous ground-based and satellite observations of burst
distributions for source levels close to the Sun shcew a higher
occurrence rate and a greater intengity of emission at the center of
the solar disk than at the limb indicating radially directed emission
(Wild et al., 1959; Painberg and Stone, 1974). Kaiser (1975) has
compiled distributions of measured arrival directions of solar emission

observed by the IMP-6 satellite corresponding to emission levels over



the range 25 R’ out to 1 AU. For source levels out to ~125 Ry he finds
a small but significantly higher occurrence rate for emission observed
west of the Sun-Earth line. Since these observations extended over a
period of more than 18 solar rotations, it is likely that variations

in the production of bursts with respect to solar longitude were
averaged out. In Kaiser's study, the east-west asymmetry in oc.urrence
rate seems to indicate beaming of the solar burst emission along a non-
radial direction,

-he present paper is an analysis of individual solar bursts ob-
served by IMP-6 dufing a three-month perfod when the saﬁellite orbit
was such that there was minimai interference from the Earth radio
emissions described by Kaiser and Stone (1975). In this paper, we
find a definite western excess of burst arrival directions. 1In addition,
there is a possible correlation between this western excess in burst
occurrence rate and the average spiral magnetic field direction. We
also find that the occurrence rate of bursts falls off with increasing.
flux, S, according to s'B. The observed distributions of burst
intensities and arrival directions are then used to estimate the
angular width of the burst radiation pattern assuming that the axis

of the radiation pattern is along the average magnetic field direction.

2. OBSERVATIONS AND RESULTS
In this study of type III bursts two distributions were in-
vestigated. In section 2(a) we discuss the distribution of burst

arrival directions and in section 2(b) we discuss the distribution of



burst intensities.
(a) The distribution of burst arrival directions.

The arrival direction of burst radiation is measured by
the IMP-6 experiment using the modulation imposed on the observed
radio flux as a result of the spin of the satellite. The source
direction determined is the solar elongation, which ig the arrival
directiqn projected into the plane of the ecliptic and measured rela-
tive to the Earth-Sun line, A description of the procedure used is
given by Fainberg et al. (1972) and Fainberg (1975).

The observed elongation distributions of all bursts ob-
served during May, June, and July 1971 are given in Figure 1 for
several frequencies in the observing range. The enhancement in the
distributions near the east and west limb are due to a statistical
effect that has been discussed by Kaiser (1975). Near the limb, a
wide range of solar longitudes corresponds to nearly the same elonga-
tion, thus, enhancing the number of bursts observed near the limb,
The effect should be symmetric with respect to the Earth-Sun line
(dashed line). The observed burst distributions are clearly not
symmetric, however, and show that there is an excess of bursts
measured in the West. The bursts observed in this study originated
primarily from two active regions on the Sun which recurred with each
solar rotation during the observing period. It seems reasonable to
expect that three solar rotation periods is a sufficiently long time

for variations in the production of bursts to be smoothed out in solar



longitude. In this case the western excess may be due to an effective
beaming which allows more bursts to be obgserved west of the Earth-Sun
line. The interpretation that beaming accounts for the observed
asymmetry, rather than a solar longitude effect in burst activity,

is supported by data obteined during another time period, May, June,
and July, 1972, Burst distributions during this period show the same
relative excess of bursts observed in the West.

This east-west ~symmetry suggests an association with the
spiral interplanetary magnetic field because the average field is
directed at the Earth only for western elongations. The relevant
geometry is given in Figure 2. The mean elongations of the burst
distributions (Figure 1) are a quantitative measure of the asymmetry
and are plotted in Figure 3 for each frequency. The abscissa is the
distance from the. Sun of the emigsion level corresponding to each
frequency, assuming an emission level scale based on the extrapolation
of levels determined by the RAE-1 satellite (Fainberg and Stone, 1971)
out to 1 AU, The solid curve in Figure 3 is the calculated elongation
of an average spiral magnetic field line when the field at a given
distance is directed at the Earth. It appears that the mean of the
distribution of arrival directions may be correlated with the average
magnetic field direction over a wide range of source distances from
the Sun. In order to examine the distribution of bursts relative to
the average magnetic field direction, the burst distributions have

been expressed in terms of Y, the angle between the field direction



and the obgserving direction. The angle Y for each burst is obtained
from the measured elongation and the assumed emission level using the
geometry in Figure 2.

The Y-distribution of bursts is given in Figure 4 for three
representative frequencies. The distributions: in Figure 4 are approxi-
mately symmetric with respect to Y = 0 (direction of the average
magnetic field) even though some effects of the statistical limb
enhancement may be present. A measure of the width of the distributions
is given by the standard deviation which is approximately 40° and 1is
constant to within a few degrees over the observing frequency range
of 1030 kHz to 130 kHz.

(b) The distribution of burg¢ intensities.

The distribution of burst peak in:ensities over the three-
month observing period is given in Figure 5 for one observing frequency,
815 kHz. The ordinate is the number of bursts observed per day per
unit flux (w m-2 Hz'l). The distribution is normalized such that the
integral over the data multiplied by 90 days is equal to the total
number of bursts observed at the given frequency. The solid line
is the least squares fit to all but the first puiut, This point was
onitted because if. corresponds to the bursts observed close to the
threshold detection level which are difficult to measure. The
distribution obeys the power law, n = AS'B, where n is the occurrence
rate and S is the observed radio flux. The constants A and 3 obtained
by the least squares fit ani the total number of bursts observed at

representative frequencies are given in Table 1, The index 3 varies



systematically betweeﬁ 1.7 ahd 1.2 éé frequency decreasus from

4.9 MHz to 110 Euz. This variation in 3 corresponds to a flattening
of the distribution at low frequencies which is at least partially

due to observing conditions affecting the identification of low-
amplitude bursté; The'average valﬁe of 5 is 1.5. Thése distributions
are in agreement with the groundbased observations of several observers
at meter wavelengths in Qﬁich the intensity distributions of bursts
also fit é power law Qith an index equal go 1.5 (Steinberg and

Caro-halos, 1970).

3. DISCUSSION

The dependence of the number of observed bursts on viewing
direction is a result of the directivity of the burst radiation and
the decrease in occurrence rate with increasing intensity. Bursts
that are viewed in a direction other than the direction of maximum
intensity will be reduced in intengity and there will be a correspond-
ing reduction in the number of bursts measured above the threshold
detection level. If a direction for the radiation axis is assumed,
then the angular half-width, D’ of the burgt directivity pattern,
D(Y), may be estimated. The directivity is defined as the intensity
in a given observing direction relative to the intensity along the
axis of the radiation pattern. Following a discussion by Steinberg
and Caroubalos (1970), it can be shown that the number of bursts
observed in a given direction, Y, relative to the number observed

in the direction of the intensity maximum is given by
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N(Y) 2 J s~ as, (1)
Iotvy '

where 8.3 is:the proﬁaﬁilitf thatza burst is produced with flux § and
B is thejfiux detection lavél. Assuming (;) tﬁatrthe index stnd
the p}oporﬁionality constant implied in Equaﬁion (1) are independent
of v, (ﬁ) thai the axié of the directivity pattern is along vy = 0°,
and (c) fﬁatrthe observed’burét distribution N(%) and directivity
pattern D(Y) are Gauséian, then it can be shownjthat'the half-width,
“p» of fhé diredti;ic& péttern is given by “p - fgdt—ion, where “y
is the standard deviation of the observed burst occurrence distribution. *
For the observed value of "y = 40° and the observed range of
8% 1.2 - 1.7, then .p = 20° - 359,

This result is consistent with results obtained by Fainberg
and Stone (1974) frcﬁ‘RAE-l satellite observations of type III storms.
The half-widths of the burst occurrence and intensity distributions
over viewing angle, were found to be ~50° and ~20°, respectively.
The symmetry axis of the distribution appeared to be along the radial
direction from the center of the Sun. The RAE-1 observations, however,
correspond to source levels below 40 solar radii where the deviation
of the field line spiral from the radial is small,

The apparent burst directivity may in part be due to a directivity
which is intrinsic to the emission process; It is now generally

accepted that type III bursts are produced when primary piasma waves

“f,

generated by the exciter coalesce with oppositel,; directed secondary
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plasma waves. Melrose (1973) has shown that when the secondary plasma
waves are generated by scattering of the primary waves by thermal
ions, the resulting radio emission {s directed into the forward
hemisphere of the burst exciter. Thus, the emission is beamed outward
along the field lines guiding the exciter. However, a recent theory
of type 111 bursts (Papaavpoulos et al., 1974), in which oppositely
directed plasma waves are generated by the oscillating two-stream
instability, predicts no preference for forward emission. In this
latter case, propagation effects alone must account for the apparent
directivity.

Ray tracing studies by Steinberg (1972) and Riddle (1974) have
shown some of the effects of coronal refraction and scattering on
observed burst distributions with viewing angle. The effect of coronal
scattering is to broaden the burst distributions. The histograms in
Figure 1 show that a significant number of bursts are observed at
elongations beyond the limb. Although this may be explained by
fluctuations in the assumed emission level, scattering can also cause
this effect. The axes of symmetry for refraction and scattering
effects are the direction along which the density gradients are
maximum and the direction along which the scale sizes of irregularities
may be elongated. Close to the Sun, propagetion effects will, on the
average, be radial. Far from the Sun, however, in the range of IMP-6
observations, the largest density gradients may be associated with

density structures such as coronal streamers aligned with the magnetic



field. Density irregularities may also be aligned with the magnetic

field. Fo? thgce reasons, s;einbeég (1972) hés suggested that averaged

propagation effééts may be symmetric about chg average Eiéid dirécﬁicn.:
Furthér anaiysi; ;E the distriﬁuticas éf bursts Sutrio 1 A.ﬁ.

is un&erwayvin orﬂer to take into account prépagaticn effectskfct |

various refraction and scattering models in the solar wind.

4. SUMMARY

The distributioms of arrival directions and intensities of low
frequency type ILI bursts corresponding to emission levels out to
1 A.U. have been studied. We find that there is a definite excess
in the occurrence rate of burst arrival directions west of the Earth-
Sun line which appears to be correlated with rLhe average spiral
magnetic field direction. We also find chat the burst intensities
are distributed according to the power law s-s at each frequency, where
§ is the peak burst flux and the average value of the index 3 is 1.5

The western excess of arrival directions has been interpreted
as an apparent beaming of the burst radiation along the direction of
the average interplanetary magnetic field. The distributions of burst
arrival directions are approximately symmetric with respect tothe
average spiral magnetic field direction at each frequency and have
a nearly constant standard deviation of 40°. The beam haif-width
of the burst directivity pattern is estimated to be not greater than
359, assuming the directivity pattern to be Gaussian and centered

on the average magnetic field direction.
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The causes of the bemming are Pmlsltm effacts in the col;t |
wind and a possible directivity in the intrinsic burst radietion
éuttern. There ’h presently not enough known, however, either about
dcﬁity gradients and field-aligned irregularities or about the burst

emission process to assess their relative contributions.
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Table .}

- Distribution of observed burse -intensities, n. = “-ﬁ where: ..

S = peak flux (v m-2 Hz"l), and n = average mﬂet S
bursts per day per unit flux. o

Total Number of

Frequency R .. Bursts Occurring
(kHz) A B =July, 1971
4900 7.58x10°14 1,69 208
3000 1.06x10"11 1,56 318
1630 1.70x10"11 1,56 456
1100 1.01x10°10 1,52 527
815 9.58x10°10 1,47 530
600 6.64x10°  1.42 486
375 2.97x10"8 1.37 323
250 7.58x1077 1.29 | 212
155 1.47x10-6 1.26 131
110 5.92x10"8 1.33 9%
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Fig. 1 The elongation distributions of bursts observed by the IMP-6
satellite’ at'representative’ frequehciss. The histograms
show"ah" éceds OF Blrst arrival difectiohs vest of the Eapth-
Sun line (dashed line). The east-west projection’ of the
radio emigsion surface for each frequency is shown by the
heavy horizontal bar. The position of the radio limb (L)
is obtained using the assumed emission level scale (see text).

Fig. 2 Diagram showing the model emission level and magnetic field
line spiral. The field line spiral was calculated for an
average solar wind bulk speed equal to 400 km/sec.

The angle § is the observed solar elongation of the source.
The magnetic field line pasging through a source will be in
the same direction as the observing direction when v = 0. This
cccurs only for source locations west of the Sun-Earth line.

Fig. 3 The data are the means of the distribution of burst arrival
directions at each observing frequency in the range 1450 kHz
to 83 kHz. The source distance from the Sun at each frequency
was obtained from the assumed emission level scale.

The solid curve is the elongation, ¢, of the field line when
Y = 0 (See Fig . 2).

Fig. 4 Distribution of the angle Y for three representative frequencies.

The angle Y was obtained from the observed elongation, §,

for each byrst using the geometry in Fig. 2.



Fig. 5 The distribution of peak flux densities of type ILI bursts
&t a representative frequency during the 90 day period,
May-July, 1971.
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