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Abstract

In the paper we present the preliminary results of analysis
of the solar Type IIIb bursts properties observed on June 14,
2012. Namely the parameters of their fine structure known
as striae are studied in the continuous frequency band 8
- 32 MHz. It is shown that durations and instantaneous
frequency bandwidths depend on the observing frequency.
Notably, bandwidth increases and duration decreases with
the frequency. The comparative analysis of the decameter
spikes and striae is also performed.

1 Introduction

For the first time Type IIIb bursts were described in de-
tails by de la Noe et al. [1]. They identified them as
chains of short (= 1 second), narrow-band (15 - 100 kHz)
striae bursts drifting similarly to the usual Type III bursts.
It is currently well known that Type IIIb bursts are ob-
served in the wide frequency range from 10 MHz up to 200
MHz [1-7,9-12]. The occurrence rate of the elementary
striae increases toward the lower frequencies [2]. Individual
Type IIIb burst may consist of more than 30 striae for the
frequency extension of 10 MHz [10]. The frequency sep-
aration between individual striae varies from few kHz up
to 100 kHz [8]. The frequency drift rates of the Type I1Ib
bursts are negative and approximately equal - 2 - 7 MHz
s~! [1, 10]. The individual striae in most cases have no fre-
quency drift. The polarization of the elementary striae is
circular and can reach 80 - 100% [1,12,13].

Type IlIb bursts are observed either as isolated bursts or
accompanied by Type III bursts forming well known I1Ib-
III pairs. Up to now the relation between components of
the IIIb-III pairs is not fully understood. Some authors in-
clined that Type IIIb bursts are precursors for the Type III
bursts [1,6] and another suppose that ITIIb—III pairs are har-
monically related where Type IlIb bursts are the first har-
monic, and Type I1I bursts the second one [3, 5,6, 12].

The similarity and association of the Type IIIb bursts and
Type III bursts lead to the assumption that Type IIIb bursts
are generated by the plasma emission mechanism. Accord-
ing to Takakura et al. [6] fast electrons propagate through
the plasma irregularities that leads to the generation of the
Type I1Ib bursts. This idea was developed and numerically
calculated by Kontar [14]. He showed that if the fast elec-

tron beams propagated in the solar corona with density fluc-
tuations then the Langmuir turbulence of high level would
be excited in the sequence of regions, which gives chains of
striae.

In the present paper the analysis of the Type IlIb bursts,
namely, their fine structure striae, in the frequency band 8
- 32 MHz observed simultaneously with the Type III bursts
storm and spikes on June 14, 2012 is given. The aim of this
study is to determine the main parameters of the decameter
striaec and their dependencies on the observing frequency.
Comparison of the obtained parameter and dependencies
with those obtained for the decameter spikes observed this
day.

2 Instrumentation

On June 14, 2012 only four sections of the radio telescope
UTR-2 with the effective area of about 50,000 m? were
used. During this campaign the signal registration was
performed with the new digital spectra polarimeter of Z-
modification (DSP-Z) [15, 16]. The observations were car-
ried out in the frequency band 8 - 32 MHz with the high
temporal and frequency resolution 100 ms and 4 kHz, re-
spectively. The observations lasted about six hours near lo-
cal noon.

3 Analysis of the observations

For the analysis we chose Type IIIb bursts observed simul-
taneously with spikes on June 14, 2012. On this day a large
variety of different types of bursts such as spikes, drift pairs,
Type 111 bursts, Type IV burst, etc. were observed [18]. But
only several well-identifiable Type IIIb bursts in the fre-
quency range 10 - 32 MHz were recorded (see Figure 1).
The main parameters of the observed Type IIIb bursts and
forming them striae, viz. drift rate, number of the striae in
an individual Type IIIb burst, duration, bandwidth and flux
were measured.

Type IIIb bursts observed this day have negative drift rates,
i.e. they drift from high to low frequencies. The measured
drift rates of the Type I1Ib bursts are in interval 3 - 5 MHz
s7L.

The number of striae which form an individual Type IIIb
burst is not regular from burst to burst. The mean number
of striae forming Type IIIb burst in the frequency range 10



- 32 MHz is about 95 striae. The number of striae in 1 MHz
frequency band is approximately 5 - 6 bursts. The spac-
ing between the neighboring striae varies in the wide range
from about 100 kHz up to 1 MHz.
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Figure 1. Type I1Ib bursts observed simultaneously with
spikes and Type III bursts in the frequency range from 10
to 32 MHz.

The Type I1Ib burst flux is determined by the flux of striae.
The striae flux changes from one stria to another in a sin-
gle Type IlIb burst. For all analyzed striae the flux do not
exceed 300 s.f.u. and vary from 20 s.f.u. up to 280 s.f.u.
Comparable values of the flux were observed for the de-
cameter spikes. In most cases the flux of the spikes did not
exceed 500 s.fu. and was in the range from 20 s.fu. to
100 s.f.u. [17,18]. No specific flux dependence on the fre-
quency was found in both cases.

Due to difficulty of separation of one individual stria from
another in the majority of the observed Type IIIb bursts the
durations and bandwidths of the striaec were measured only
for two of all observed Type IIIb bursts indicated in Fig-
ure 1. The obtained durations and bandwidths of the striae
and their dependences on the frequency are presented be-
low.

3.1 Striae duration

The duration (d), rise (7, ) and decay (7;) times of the stria
at half the peak power emission intensity were measured. In
this study we focused only on the dependences of the dura-
tion and decay time on the frequency to compare them with
those obtained for the spikes [18]. The obtained depen-
dences of the striae duration on the frequency are shown in
Figure 2. From these figures it is clearly visible that striae
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Figure 2. The striac duration dependences on the frequency
for the first (a) and second (b) analyzed Type IIIb bursts.

duration is decreasing from approximately 1 to 0.46 sec-
onds with the frequency increase. Consequently the decay

time of the striae decreases with the frequency as well (Fig-
ure 3). The dependencies of the decay times on the fre-
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Figure 3. The striae decay time (74) dependences on the
frequency for the first (a) and second (b) analyzed Type I11b
bursts.

quency were approximated by the power law dependence
T, = afP using the least square method. The power index
p for the first and second Type IIIb bursts equals -0.97 and
-0.9, respectively. These values are close to -1, thus to sim-
plify further calculations the obtained dependences we ap-
proximated with the dependence in the form of 7, = af~!.
The coefficient a approximately equals 7.6 and 7 in the case
of the first and second Type IIIb bursts, respectively.

If we assume that striae decay time 7,, similarly to the
spikes decay time, is determined by the particles collision
time in the plasma 7,,;;, that in turn depend on plasma tem-
perature T.,;; ~ /% [18], then we can trace the variation
of the temperature along the path of the electron beam, re-
sponsible for the generation of Type I1Ib burst:

T=8x 1037477 (1)

Observations show that 7, ~ !, thus we can rewrite Equa-
tion 1 as following:

T(f) ~4x 10423 2)

According to our analysis of the first Type IIIb burst the
plasma temperature varied from 0.16 MK up to 0.27 MK
(Figure 4a) and the temperature estimated using the second
Type HIb burst varied from 0.18 MK up to 0.27 MK (Fig-
ure 4b) at the heights 3.3 - 1.6 solar radii in assumption of
Newkirk coronal model.

It is important to note that the obtained dependences for
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Figure 4. Temperature variation with the frequency ob-
tained using the first (a) and second (b) Type IIIb bursts.

the striae decay time, the coefficients @ and the estimated



temperatures are in good agreement with those obtained for
the spikes which were observed during the same temporal
interval. So, spikes decay time depends on the frequency
in the same manner 17; = bf? with the power coefficient -
1.01. The coefficient of proportionality b in the case when
7, = bf! equals 7.6. And the coronal temperatures cal-
culated using spikes 7, varied from ~ 0.2 to 0.43 MK at
the same heights [18]. Thus, we got very good match of
the obtained parameters. If our assumptions are correct this
result indicates that the electron beams responsible for the
spikes and striae generation propagate through the plasma
with comparable temperature.

3.2 Striae bandwidth

According to our analysis the frequency bandwidth of striae
increases with the frequency. The obtained dependences for
the both Type I11Ib bursts are shown in Figure 5. As it can be
seen from the figure the striae bandwidth for the first Type
IIIb burst increases from 30 kHz at frequency 13 MHz up
to 50 kHz at frequency 29 MHz. For the second Type I1Ib
burst the striae bandwidth rises from 50 kHz up to 65 kHz at
frequencies 19 MHz and 31 MHz, correspondingly. These
dependences were approximated with the linear function in
the form Af = Af. The coefficient A4 equals 1.2 x 1073
and 1.4 x 1073 for the first and second Type IIIb bursts, re-
spectively. The coefficient 4 obtained after spikes analysis
during the same time interval equals 1.1 x 1073 [18]. And
again there is rather good match of the analysed parameter

Af.
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Figure 5. The striae bandwidth dependences on the fre-
quency for the first (a) and second (b) Type IIIb bursts.

We suppose that decameter striae similarly to the decameter
spikes are generated by the fast electron beams which prop-
agate through the coronal plasma within some solid angle
0 and generate Langmuir waves / at the upper hybrid fre-
quency [18]. These Langmuir waves [ are transformed into
electromagnetic waves ¢ in the processes [ +i=1¢+i. The
frequency of electromagnetic waves is approximately equal
to local plasma frequency wp. and their frequency band-
width is defined as following:

2
[O) .
A® = 0,,(0) — @,,(0) ~ ﬁ sin® O (3)
pe

in the case when wg. < Wpe, Where Wpe = / 4re2n/m de-
notes the plasma frequency, @z, = eB/mc corresponds to

the electron cyclotron frequency, e and m denote the elec-
tron charge and mass, c is the speed of light and B is the
magnetic field. Thus the relative frequency bandwidth can
be written as:

Af o

f 202,
Then using the coefficient 4 = Af/ f obtained from obser-
vations we can write equation for the estimation of the mag-
netic field:

sin” @ 4)

B \/2_A;'ncwpe )
esinf
Assuming that the fast electrons are confined within angle
6 = 20° [19] we found that magnetic field in the place of
striac generation equals 1.2 - 1.4 G in the case of the first
and second Type IIIb bursts, respectively.

The obtained value of the magnetic field agrees well with
the magnetic field estimations made using spikes observed
simultaneously with the analyzed Type IIIb bursts [18] and
with the estimation made using decameter S-bursts [20].

4 Conclusion

The important result of the present study is the dependence
of the striac duration and bandwidth on the observing fre-
quency. The obtained dependencies exactly replicated the
same dependencies obtained for the spikes observed on the
same day during the same temporal interval up to coeffi-
cients. Thus it is reasonable to assume that the decameter
striac and spikes parameters (duration and bandwidth) are
determined by the same parameters of the coronal plasma
in the place of the bursts generation, i.e. by the temperature
and magnetic field. Based on the assumptions made for the
spikes [18] these parameters in the place of striae genera-
tion were estimated. According to our analysis the temper-
ature varied from 0.16 to 0.27 MK at the heights 3.3 - 1.6
solar radii and the magnetic field was 1.2 - 1.4 G. These
values of the temperature and magnetic field are close to
the one obtained in spikes analysis. We can assume that
the electrons responsible for the striae and spikes genera-
tion propagate through the same regions of coronal plasma
with approximately the same parameters.

Comparing the parameters of the decameter spikes and
striae such as duration, bandwidth, flux and their depen-
dence on the frequency we come to another one important
result of our study - decameter spikes and striae are most
likely the same type of the solar radio bursts. However, the
question about the spikes and striae location on the dynamic
spectrum, i.e. chaotic position of the spikes on the dynamic
spectrum and grouping of striae in drifting on frequency
chains (Type I1Ib bursts), still remains open and needs fur-
ther study.
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