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Abstract An event on 14 June 2012, observed with the radio telescopes UTR-2 (Kharkov,
Ukraine), URAN-2 (Poltava, Ukraine), and NDA (Nancay, France) during a joint Summer
campaign, is analyzed and discussed. The high solar activity resulted in a storm of spikes,
and a storm of Type III bursts, Type IIIb bursts, and a Type IV burst observed in the de-
cameter band. During the observed time interval, the average flux of radio emission changed
twice. Using spikes as a tool for diagnostics of plasma parameters, we followed variations of
the coronal temperature and the coronal magnetic field in the observed time interval. Thus,
in frames of the model described in this article the observed decameter spikes’ durations of
0.3 — 1 seconds correspond to the coronal plasma temperatures of ~0.1—0.6 x 10° K. At the
same time the spikes’ frequency bandwidths of 25— 80 kHz give us the magnetic-field value
of about 2 G.
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1.

Introduction

Spikes are solar radio bursts that are usually observed during high solar activity. Indepen-
dently of the frequency band in which they are observed, they have short durations and
narrow frequency bandwidths when compared with other solar radio bursts.

Spikes were described for the first time by De Groot (1960) and Elgardy (1961), who

observed them at 190-215 MHz (Elgardy, 1961) and 274 -390 MHz (De Groot, 1960) in-
dependently. The bursts with durations of approximately 0.1 second and with narrow band-
widths of only a few MHz were named “small bursts” or “pips”. The term “spike” was first
used by Takakura (1959). During the next decades spikes were observed in different bands
ranging from decameters up to decimeters. Summing up the different results obtained by
different authors, we can allocate the main properties of spikes:

spikes are observed simultaneously with different types of radio bursts (Type II, III, ITIb,
1V bursts);

spike durations decrease with the increase of the observational frequency, namely from
one second at frequencies 12.5—-30 MHz (Ellis and McCulloch, 1967; Baselian et al.,
1974; de La Noe, 1975; Sawant, Bhonsle, and Alurkar, 1976) to 400—100 ms at fre-
quencies 145—-345 MHz (McKim Malville, Aller, and Jensen, 1967; Markeev and Cher-
nov, 1970; Bakunin and Chernov, 1985), 155—36 ms at frequencies 0.3 —2 GHz (Droege,
1977; Guedel and Benz, 1990; Dabrowski, Rudawy, and Karlicky, 2011) and less than
100 ms (instrumental resolution) at frequencies 6 —8 GHz (Benz et al., 1992);

spike bandwidths increase with the increase of the observational frequency, viz. from
tens of kHz at frequencies 20— 100 MHz (Ellis and McCulloch, 1967; Warwick and
Dulk, 1969; Baselian et al., 1974; de La Noe, 1975) to 1.5—-4 MHz at frequencies 100 —
300 MHz (Elgardy, 1967; Markeev and Chernov, 1970), 10 MHz at frequency 0.8 —2 GHz
(Droege, 1977; Dabrowski, Rudawy, and Karlicky, 2011), and even up to 100 MHz at fre-
quency 6.4—8.6 GHz (Benz et al., 1992);

spike frequency-drift rates vary within wide limits. At frequencies lower than 100 MHz,
the spikes drift rates are small (20— 150 kHzs~!) or practically zero (Ellis and McCulloch,
1967; Warwick and Dulk, 1969; Baselian et al., 1974; de La Noe, 1975). At meter range,
Tarnstrom and Philip (1972) separated spikes into three groups, depending on their drift
rates. According to these authors, there are fast-drifting spikes with drift rates higher than
100 MHzs~! (first group), intermediate-drifting spikes with rates lower than 100 MHzs ™!
(second group), and spikes without noticeable drift rates (third group). At frequencies
0.8—2 GHz, spikes with positive and negative drift rates were observed. The extreme
values were equal to 1608 MHzs~! and 776 MHzs~! (Dabrowski, Rudawy, and Karlicky,
2011), respectively;

the spike fluxes in most cases are not higher than 100 s.f.u. (where 1 s.fu =
1072 Wm~2Hz™') (Benz et al., 1992; Melnik et al., 2014). The maximum value of
spike flux registered in the decameter range was equal about 200 s.f.u. (Melnik et al.,
2014). The brightness temperatures of spikes can reach 10'>—10'3 K, which points to a
non-thermal mechanism of radiation (Messerotti, Nonino, and Zlobec, 1985; Benz, 1986);
the polarization of the spikes in most cases is circular and varies from 0 to 100 % (Mar-
keev and Chernov, 1970; Barrow and Saunders, 1972; Benz, Csillaghy, and Aschwanden,
1996). The average value is only 25 % (Benz, 1986);

two mechanisms of spike generation are considered: the electron-cyclotron maser mecha-
nism and the plasma mechanism. The electron-cyclotron maser mechanism is considered
to describe high-frequency spikes (Benz et al., 1992; Fleishman and Mel nikov, 1998),
while the plasma mechanism is involved to describe low-frequency ones (Warwick and
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Dulk, 1969; Baselian et al., 1974; Stewart, 1975; Zhelezniakov and Zaitsev, 1975; de La
Noe, 1975; Melnik et al., 2014).

Following Melnik ef al. (2014), the decameter bursts with the short durations of about
one second and narrow frequency bandwidths 50—70 kHz chaotically located on the dy-
namical spectrum we call decameter spikes (Figure 1). These morphological properties of
the spikes make their identification simple and confident.

In this article, the analysis of spikes observed simultaneously with the storm of Type III
bursts and Type IV burst is presented. The studied event was observed in a continuous fre-
quency band 8 -42 MHz on 14 June 2012 with the radio telescopes UTR-2 (Ukrainian
T-shaped Radio telescope, second modification, Kharkov, Ukraine), URAN-2 (Ukrainian
Radio interferometer of Academy of Science, Poltava, Ukraine), and NDA (Nancay De-
cameter Array, Nancay, France). The main parameters of the spikes (i.e. their durations,
bandwidths, and fluxes) and their dependencies on the frequency are obtained. Assuming
that spike durations and bandwidths are defined by the coronal plasma parameters (such as
temperature and magnetic field), we traced how these coronal parameters changed during
the day of observations.

The article is arranged as follows. In Section 2 we describe the technique and equipment
used for the observations. In Section 3 we provide the results of the analysis of the spikes
observational properties such as duration, frequency, decay time, bandwidth, ezc. Finally, in
Section 4 we discuss how the spike parameters depend on the ambient plasma properties.
The information obtained is then used to derive the temperature and magnetic field of the
plasma in which the spikes have been generated.

2. Observations
2.1. Instrumentation

During the Summer campaign of observations in 2012, three radio telescopes, viz. UTR-2
(Kharkov, Ukraine), URAN-2 (Poltava, Ukraine), and NDA (Nangay, France), were used
simultaneously. Only four sections of the UTR-2 radio telescope, with an effective area of
about 50,000 m?, were used (Braude and Men’, 1996). The effective areas of URAN-2 and
NDA radio telescopes are 28,000 m? and 2 x 4000 m? correspondingly (Boischot et al.,
1980; Megn et al., 2003). The radio telescopes UTR-2 and URAN-2 were equipped with a
new Digital Spectra Polarimeter of Z-modification (DSP-Z: Ryabov et al., 2010). The ob-
servations were carried out in the frequency band 8 —32 MHz with high time (100 ms) and
frequency (4 kHz) resolution. The registrations with the radio telescope NDA, on the other
hand, were carried out in the frequency band 28 —42 MHz. As a recording unit the spec-
trometer ROBIN (ROBust receiver) with time (37 ms) and frequency (12 kHz) resolution
was used (Weber et al., 2005). The simultaneous use of these tools gave us the opportunity
to carry out observations in a continuous frequency band ranging from 8 to 42 MHz with an
overlap in the bandwidth 28 —32 MHz (see Figures 1, 2).

From these figures (Figures 1, 2) it is clearly visible that the number of spikes in the
frequency range 8 —32 MHz is significantly greater than in the range 28 —42 MHz. This
is related with the fact that the UTR-2 radio telescope sensitivity is more than one order
of magnitude higher than the sensitivity of NDA radio telescope. For instance, the UTR-2
and NDA radio telescopes sensitivities at frequency 25 MHz, recalculated for the hardware
parameters of the experiment (effective area, time, and frequency resolution), are 300 Jy
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Figure1 The dynamical spectrum in the frequency range 8 —42 MHz. The upper part corresponds to the data
obtained with the UTR-2 radio telescope and the lower one to data obtained with the NDA radio telescope.

and 6000 Jy, respectively. Moreover, the real NDA sensitivity may be even lower since the
measured signal travels from the array to register unit (ROBIN) through a 1-kilometer fiber
optic line, which apparently leads to signal loss and to decrease of the signal-to-noise ratio.

2.2. Event on 14 June 2012

An interesting event was recorded on 14 June 2012 04:45-16:00 UT. A storm of spikes
was observed simultaneously with the storm of Type III bursts and a Type IV contin-
uum (Figure 3a). This high activity is possibly related to the group of sunspots (NOAA
11504 -11508) observed in the central part of the solar disk, South of the Equator
(see Figure 4a). The image was obtained with the Solar and Heliospheric Observa-
tory spacecraft (SOHO) in the 304 A ultraviolet band of the Extreme ultraviolet Imag-
ing Telescope (EIT: soho.nascom.nasa.gov). Also on this day, a Coronal Mass Ejec-
tion (CME) was observed with the Solar-Terrestrial Relations Observatory spacecraft
(STEREO) (stereo-ssc.nascom.nasa.gov); see Figure 4b.

During the observations the average flux of radio emission changed twice (Figure 3b).
Such variations of average flux can be related to the changes of the coronal plasma parame-
ters. In the framework of the hypotheses that the durations of spikes are determined by the
temperature of the ambient plasma and that their bandwidths are determined by the mag-
netic field in the ambient plasma, we checked whether the plasma parameters varied during
the day. Hence, the observations were conventionally divided into three time intervals.
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Figure 2 The dynamical spectrum in the frequency range 28 —32 MHz. The upper part corresponds to
the data obtained with the UTR-2 radio telescope and the lower one to data obtained with the NDA radio
telescope.

During the first time interval, which lasted for five hours, namely from approximately
4:45-9:45 UT, the storm of spikes was observed simultaneously with the storm of Type III
bursts (11 bursts per minute). In this time interval the average flux was about 300 s.f.u.
(Figure 3b).

From approximately 9:45-13:30 UT (the second time interval) the flux decreased to
approximately 100 s.f.u., which on the dynamical spectrum corresponded to a decrease in
the number of Type III bursts to five bursts per minute. At the same time, the storm of spikes
continued.

The third time interval started at 13:30 UT with an increase of the flux to a few thousands
of s.f.u. This flux increase on the dynamical spectrum shows up as a Type IV burst. The start
time of the Type IV continuum practically coincides with the start time of the CME that was
observed on this day (Figure 4b). The storm of spikes ceased after half an hour, after the
Type IV burst has started. The Type IV burst itself lasted for about two hours.

It is necessary to mention that during the first time interval the storm of spikes was
observed within the full frequency band 8 —42 MHz. However, during the second and third
time intervals, spikes were observed only in the frequency bands 10-42 MHz and 13—
42 MHz, respectively. For each time interval a considerable number of spikes were analyzed.
For the first time interval we measured more than 500 spikes, for the second time interval
more than 800, and for the third interval more than 300 spikes. The spike parameters were
measured manually using temporal and frequency profiles of the bursts. Examples of such
profiles are shown in Figures 5 and 6 and marked by the arrows.
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Figure 3 The dynamical spectrum (a) and time profile (b) obtained with URAN-2 (full day of observations).

3. Analysis of the Observations

As mentioned earlier, spikes have short durations in all frequency bands. A typical example
of a spike temporal profile is presented on Figure 5. In the majority of cases the temporal
profiles of spikes are not symmetrical. The decay phase of the burst is somewhat longer than
the rise phase. On such profiles at half maximum flux, the rise time [z,], the decay time [4],
and the total duration [d = t, 4+ t4] were measured.

In Figures 7, 8, and 9 the histograms showing distributions of spikes duration for each
of three time intervals at different frequencies are presented. From Figure 7 it is clear that
the range of spike durations shows only small variations with frequency during the first time
interval. The majority of bursts have durations of 0.4 —1 seconds.

At the same time, the histograms for the second and third time intervals (Figures 8, 9)
show a shift of the distribution maximum with the frequency, from a region of longer dura-
tions (0.8 — 1 seconds) to the region of shorter durations (0.3 —0.5 seconds). These variations
of durations with frequency are clearly visible in Figure 10, which displays the spike aver-
age duration dependencies versus the frequency for the first (a), second (b), and third (c)
time intervals.
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Figure 4 The group of spots (NOAA 11504 —11508) on the solar disk (a) and coronal mass ejection (b).The
images were obtained with SOHO and STEREO (ahead) spacecrafts.
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Figure S An example of the spike temporal profiles at frequency of 24.38 MHz (data obtained with UTR-2).

The average values of spike duration [d], rise time [z,], and decay time [t4] at one par-
ticular frequency differ from one interval to another during the day (Table 1). Starting from
certain frequencies (21 —22 MHz) the average values of durations, and as a consequence
also the rise and decay times, decreased during the day. In most cases (80 %) the average
value of the rise time is shorter than that of the decay time, which is also visible from the
time profiles of the first two spikes in Figure 5.

3.1. Decay Time

The dependencies of the spike decay time on frequency for all three temporal intervals are
presented in Figure 11. We did not find any specific dependence of the decay time on fre-

@ Springer



N.V. Shevchuk et al.

25.0

Frequency, MHz

Figure 6 The frequency profile of spikes at 10:32:52 UT (data obtained with UTR-2).
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Figure 7 Histograms of spike distributions by duration for the first temporal interval at different frequencies.

quency for the first time interval (Figure 11a), similarly to the total-duration dependence
in this interval (Figure 10a). The dependencies for the second and third intervals (Fig-
ure 11b, c), however, can be approximated by a power-law in the form of 74 ~ f? using the
least-squares method. The power-law indices [p] are close to —1, having values of —1.01
and —1.05 for the second and third time interval, respectively. For comparison of dependen-
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Figure 9 Histograms of spike distributions by duration for the third temporal interval at different frequen-
cies.

cies and for further calculations we use the approximation 7y = bf ~!. The coefficient [b] for
the second temporal interval is about 7.6 and for the third interval is approximately 6.4. Al-
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Figure 10 The spike average duration versus frequency for the first (a), second (b), and third (c) temporal
intervals. The triangles correspond to data obtained with the UTR-2 radio telescope and squares to data
obtained with the NDA radio telescope.

Table 1 The variations of duration [d], rise [7;] and decay [74] times at frequencies 25 MHz (UTR-2) and
35 MHz (NDA)

Radio telescope Parameter Temporal interval
I I I

UTR-2 d [s] 0.77+£0.14 0.54 £0.05 0.47+£0.2
NDA 0.58 £0.15 0.39 £ 0.09 0.32£0.13
UTR-2 7t [s] 0.35+0.07 0.27 £0.05 0.2+0.03
NDA 0.25 £ 0.06 0.19£0.05 0.18 £0.08
UTR-2 74 [s] 0.42+0.1 0.27 £0.06 0.27£0.2
NDA 0.33+0.12 0.2+0.05 0.14 £0.07

though these two dependencies are similar, the dependence for the third interval lies slightly
lower than the dependence for the second interval.

According to McKim Malville, Aller, and Jensen (1967) and Benz (1986), the decay time
of spikes [74] is comparable with the damping time of Langmuir waves in plasma [ o ]. The
latter is determined by the temperature of the ambient plasma as follows:

3/2 3/2
L ky T
noVree w2e*m'2Z2ZIL f?

ey

Teoll =
where n denotes the plasma density, 6 = 7AZ?Z3e*/m?Vy, denotes the transport cross-
section, A is the Coulomb logarithm, Vi, is the electron thermal velocity, e is the electron

charge, m is the electron mass, 7T is the temperature, and f is the frequency.
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Figure 11 The dependencies of average values tq on frequency for the first (a), second (b), and third (c)
time intervals.

As a consequence, if 74 & 7., then, knowing the spike decay time and using Equa-
tion (1), we can estimate the temperature of the coronal plasma at the distance from the Sun
that corresponds to each observing frequency. Taking into account that Z, = Z, = 1.06,
A = 18.8 (Guedel and Benz, 1990) the expression for the determination of coronal tempera-
ture can be written as

T =8 x 10° 4323 2)

coll »

where f denotes the frequency in MHz and ., denotes collision time in seconds. The ob-
tained values and dependencies of the temperature [7T'] versus the frequency for all temporal
intervals are presented in Figure 12 and in Table 2.

The results obtained show that the temperature [7'] is rising when the frequency is in-
creasing, as can be expected. However, the values obtained for the temperature [7'] are
considerably smaller than the usually considered coronal plasma temperature (of the order
of 10° K) at the distances corresponding to the decameter range.

Therefore, we inspected the correspondence of the coronal temperatures obtained with
the high-frequency spikes (362—-1010 MHz) (Guedel and Benz, 1990) and the low-
frequency spikes (8 —42 MHz). In order to do so, we put the empirically found dependence
74 = bf ™! into Equation (2) (similarly to what was done by Guedel and Benz (1990)) and
thus obtained the following dependence [T (f)]:

T(f)~4x 10* £33, (3)

Then we built the dependence of temperature on the frequency for a wide frequency
range, viz. from 8 MHz to 1010 MHz, and plotted the temperatures obtained in both cases
(Figure 13).

These temperatures are in good agreement with the dependence found in Equation (3).
Hence, we conclude that if the decay time is considered to be defined by the particle collision
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Table 2 The variation of the plasma temperature during the observational day

f [MHz] ne [106 cm_3] Temporal interval
1 1T il
TR TR TR
10 1.2 0.1£0.02 - -
14 2.4 0.13£0.03 0.19 +0.06 0.13£0.05
18 4 0.18 £ 0.06 0.22 +0.09 0.2 +0.07
22 6 0.25+£0.07 0.25+0.04 0.23 +0.09
26 8.4 0.34+0.1 0.28 £0.07 0.27 £0.07
30 11 0.36 £0.15 0.31£0.08 0.3+0.15
34 14.3 0.42+0.14 0.34+0.1 0.3+0.12
38 17.9 0.58 £0.15 0.33+£0.09 0.33+0.16
42 21.8 0.59+£0.3 0.43+£0.5 0.32+0.26
1 1
0.8 0.8
@g 0.6 } { { mﬁ 0.6
T { H { : 04 { {
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<)
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Figure 12 The dependencies of the temperature on frequency for all three temporal intervals.

time, then knowing the durations of the spikes at different frequencies enables building of
the profile of the coronal temperature versus height above the solar surface.

3.2. Spikes Bandwidth

Spikes have a narrow frequency bandwidth, which depends on the frequency. In contrast to
the temporal profile, the frequency profile of spikes is symmetrical (see Figure 6). The av-
erage value of the decameter spike bandwidth grows with the frequency, from 25 + 5.8 kHz
at frequency 11 MHz to 80 £ 17.2 kHz at frequency 40 MHz, which is approximately 0.2 %
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Figure 13 The dependence of the temperature on the frequency. The dashed line corresponds to those ob-
tained empirically; while the circles correspond to the data obtained by Guedel et al. (1990), and the squares
correspond to the data that we obtained for the second time interval.

90 -
90 - 80
N 4
80 - = 70
N = 60
70 =
’:,60 . g 507
] 40
g5 %
240 1 = 30 1
5 g }
=304 ¢ R 20
] 4 4
220 10
10 0 ————
0 8 12 16 20 24 28 32 36 40 44
8§ 12 16 20 24 28 32 36 40 44
Frequency, MHz Frequency, MHz
a) b)
90 -
80 -
= 70
= 60 -
£ 50 1
Z 40 4
2 30 4
o]
2 20 A
10 1

8 12 16 20 24 28 32 36 40 44
Frequency, MHz

0)

Figure 14 The dependencies of the spike bandwidth on the frequency for all three temporal intervals.

of the central frequency. The dependencies of the bandwidth on the frequency for all three
time intervals are presented in Figure 14.

Similar to Melnik et al. (2014), these dependencies were (least squares) approximated
by linear functions, i.e. in the form:

Af o Af. @)

The values of the coefficients A are presented in Table 3.
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Table 3 The values of

coefficient of proportionality [A] Temporal interval

and angle [0] I 11 I
A 2.1x 1073 1.1 x 1073 1.3 x 1073
9(B=20G) 17° 120 13°

According to the ideas and the assumptions proposed by Melnik et al. (2014), we assume
that the fast electron beams propagating through the plasma are responsible for the genera-
tion of spikes. These fast electrons propagate in some solid angle [#] and excite Langmuir
waves [/] at the upper hybrid frequency. These Langmuir waves [/] are scattered on ions [i]
in a process [/ +i — t +i], and as a result they are transformed into electromagnetic waves
[¢] at a frequency that is approximately equal to the local plasma frequency [wp.]. In the
case when wp. < wp., the bandwidth of these waves is given by

w2
Aw = 0 (0) — 0 (0) & —2< sin® 6. S
2wpe

When we rewrite Equation (5) as a ratio of the frequency bandwidth and the central
frequency:

A 2
_f _ ®Be sin2 0, (6)
[ 2w

and we compare it with the experimentally found dependence in Equation (4), we can obtain
an expression for the angle 6 in which the beam of electrons is confined:

6= arcsin(x/ﬂ Dpe ), @

WBe

where wpe = v/4mwe?n/m denotes the plasma frequency, wg. = eB/mc corresponds to the
electron-cyclotron frequency, and B is the magnetic field. If we assume that the magnetic
field [B] is about 2 G at the distance that corresponds to the decameter range (Melnik et al.,
2010a), then the angle 6 is changing from 12° to 17° for the observed values of A (Table 3).
We note that these obtained values of 8 are in good agreement with the estimates obtained
by Zaitsev (1975) and by Melnik et al. (2014).

On the other hand, if we assume that the electron beam responsible for generation of
spikes is confined to some average solid angle (0 = 15°), and knowing the coefficients A, we
can determine the magnetic field [ B] along the electron-beam path. This yields, for example,
the result that the magnetic field of the ambient plasma during the second temporal interval
amounts to about 1.6 G.

Also it is necessary to draw attention to Figure 14c, which shows the third time interval,
in which spikes are superposed on the Type IV continuum. It can be seen that at frequencies
28 -38 MHz a small decrease of bandwidth is observed. This decrease is probably associ-
ated with magnetic-field inhomogeneities at the corresponding heights.

3.3. Flux
Generally the decameter spike fluxes do not exceed 500 s.f.u. and in most cases they are
even below 100 s.f.u. (Melnik et al., 2014).

The distributions of spike fluxes are presented in Figure 15. The majority of bursts occur
in the range from 20 s.f.u. to 100 s.f.u. with the largest number of bursts occurring with
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Figure 15 The flux-distribution histograms for the second (a) and third (b) intervals.
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Figure 16 Spike-flux dependences on frequency for the second (a) and third (b) time intervals.

fluxes of 20—-40 s.f.u. The bursts with fluxes larger than 100 s.f.u. are rare. The maximum
value of the flux registered on this day is 520 s.f.u.

Dependence of the average flux on the observing frequency, for the second and third time
interval, is shown in Figure 16. We did not find any dependence of the average flux on the
observing frequency, similar to results obtained by Melnik et al. (2014).

According to Messerotti, Nonino, and Zlobec (1985) and Benz (1986), the brightness
temperature [Ty] of decimeter spikes is in the range 10'2—10'5 K. Such high values of T,
can be achieved only as a result of a coherent mechanism of radiation.

We used the Rayleigh—Jeans law for the flux to derive the expression for the brightness
temperature of radiation (Kraus, 1966):

_ Ic?
T 2kgQ2f?’

where I corresponds to the flux, ¢ denotes the speed of light, kg is the Boltzmann constant,
f denotes the observational frequency, and €2 is the angular size of the radiation source.
According to Abranin et al. (1978), the angular size of the sources of stria bursts have
apparent diameters between 20" and 50’ at the frequency 25 MHz. These values do not dif-
fer noticeably from those obtained for decameter Type III bursts (Abranin et al., 1978; Dulk
and Suzuki, 1980; Gopalswamy and Kundu, 1987). In the decameter range, the parameters

Ty (®)
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of striae (i.e. their duration, bandwidth, and flux) are practically the same as the parame-
ters of spikes (Melnik ez al., 2010b). Hence, it is reasonable to assume that the sizes of
their sources are also more or less the same. Assuming that the radiation is isotropic and
escapes from a spherical source, we obtained brightness temperatures of spike bursts in the
range 10°—10'" K . These brightness temperatures indicate that the mechanism of the spikes
generation is non-thermal and, in our case, it is likely to be plasma emission.

4. Conclusions

In this article we analyzed the event observed on 14 June 2012, in the frequency range 8 —
42 MHz. On this day, a storm of spikes concurrent with Type III bursts storm and a Type IV
continuum was recorded.

In this extensive study, radio spikes are used not only as a tool for determination of
the coronal-plasma parameters but also for tracing the changes of the temperature [7'] and
the magnetic field [B] in the course of the day. We assumed that the spikes duration is
comparable with the collision time of particles in plasma and that the frequency bandwidth
is determined by the magnetic field at a certain heights.

According to our analysis, the coronal temperature decreases during the day of observa-
tions. As a matter of fact, during the first temporal interval the coronal temperature at the
heights 3.3—1.6 solar radii (using Newkirk’s empirical coronal model) was ~0.1-0.6 x
10° K. During the second and third time intervals the temperature estimated at the heights
2.9 1.6 solar radii was found to be ~0.2-0.43 x 10° K and ~0.13-0.32 x 10° K, respec-
tively. We noticed that the coronal temperatures obtained with this method are considerably
lower than the commonly known value of about 10° K at coronal heights which correspond
to the decameter wavelength range. However, according to the assumption made by Elgardy
and Eckhoff (1966) we may assume that spikes similar to the fine structured meter Type I
bursts may possibly be generated in “cold” filaments.

In this study we also found that the spike bandwidth is linearly increasing with the obser-
vational frequency, and the coefficient [ A] (see Equation (4)) equals 2.1 x 1073, 1.1 x 1073,
1.3 x 1073 for the first, second, and third temporal intervals, respectively.

If we assume that the electron beam responsible for the generation of the spikes prop-
agates within some average angle 8 = 15° (Zaitsev, 1975), then the value of the magnetic
field strength [B] varies in the range 1.6—2 G during the day. The magnetic field herein
obtained is also in good agreement with the results obtained by other authors, e.g. Melnik
et al. (2010a, 2014). All of these findings indicate that the magnetic field is not varying too
much in the decameter frequency range.

The comparison of temporal characteristics of decameter spikes studied herein with those
characteristics of the high-frequency spikes (Guedel and Benz, 1990) indicates that we most
likely are considering the same family of solar radio bursts.
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