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We report about new observations of solar “drift pair” (DP) bursts by means of the UTR-2 radio telescope at
frequencies 10-30 MHz. Our experimental data include both “forward” and “reverse” bursts with high frequency and
time resolution. The records of 301 bursts, observed in 10-12 July of 2015, are investigated. The main properties
of these bursts (frequency bandwidth, central frequency and others) have been analysed. In this report our main
attention is paid to the comparison of our observations with the similar observations of decametre DPs performed

earlier during 13-15 July of 2002 in the same frequency range.

Common features of DPs in the two different

pieces of data samples have been found. This may indicate the possible presence of stability in the frequency-time
properties of decametre DPs from one cycle of solar activity to another.
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INTRODUCTION

Solar “drift pair” bursts were discovered by
Roberts in 1958 [7]. DPs are detected by ground-
based instruments at decametre (starting with iono-
spheric cut-off) and metre wavelengths (up to
80 MHz). Their characteristic features lie in a spe-
cial morphological form on dynamic spectra of radio
records, namely they consist of two narrow compo-
nents separated in time, often the second one being
the repetition of the first [2]. These bursts are limited
in frequency bandwidth and drift in frequency [6].
Furthermore, their frequency drift rate may be both
positive and negative [2, 4, 7]. Typically, DPs are
observed during the solar storms of type III bursts,
but not every storm leads to DPs [4]. The polar-
ization measurements of DPs show the significant
difference in degree of polarization between the two
components of a pair [10]. Different theories have
been proposed in literature (see their discussion, e. g.,
in [5, 6]), but unfortunately they explain only a part
of properties specific to DPs. The further develop-
ment of the existing theories or making a new theory,
explaining all the DP features self consistently, is an
actual problem for a separate consideration.

As it was mentioned before, DPs do not occur
in solar observations as often as the type III bursts.
Recall that the type III bursts are the largest popu-
lation of solar bursts. They can be both singles and
groups. A lot of them occur during solar storms,
some of which are accompanied by DPs. This ex-
plains partly why the study of DPs left more ques-
tions than answers. The last comprehensive studies
of DP properties from the observations of solar radio
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emission in July of 2002 were presented in [5]. In the
present work we compare their results with our data
obtained from observations in 2015. This investiga-
tion will be a supplement and update to the previous
results found in decametre wavelengths range.

OBSERVATIONS

The observations of DPs were carried out by the
T-shaped Radio Telescope UTR-2 [1] during two
summer campaigns in 2002 and 2015. The instru-
ment (49°39'N, 36°56' E) is located near Kharkiv,
Ukraine. In 2002 three sections (instead of 12 avail-
able) of the UTR-2 were used to get a beam of
~ 1° x 13°. The radio data were recorded indepen-
dently by the analogue multichannel receiver (10—
30 MHz), tuned into selected 60 frequencies with the
frequency bandwidth 10-12kHz in each frequency
channel, and by DSP (Digital Spectral Polarimeter),
carried out the fast Fourier analysis in the contin-
uous frequency band 17.6-29.8 MHz with frequency
of 12kHz and time resolution of 100ms [3]. The
frequency gaps between neighbour frequency chan-
nels in the 60-channel spectrometer ranged from
110kHz to 1.4 MHz (most of them had 300kHz in
frequency spacing) depending on the radio interfer-
ence environment at 10-30 MHz. Due to a complex
and changeable interference “weather” in decametre
wavelengths, especially in the daytime, the receivers
of this spectrometer were slightly tunable from time
to time.

During the solar observations of 2015, the an-
tenna configuration was similar to the previous one,
four sections of the north-south array. In this case
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the solar radio emission was received from the an-
tenna by a new recorder, namely the digital re-
ceiver/spectrometer operating in the frequency range
of 9-33 MHz with the time resolution of 50 ms and
the frequency resolution of 4kHz. Recently this de-
vice for various radio astronomy applications has
been developed and manufactured at the Institute of
Radio Astronomy of the National Academy of Sci-
ences of Ukraine [8]. Notice that its appearance in
the UTR-2 observatory has improved the reliability
of obtained data.

According to [5], during the daily observations
from 6:00-12:00 UT on 13-15 July of 2002, there has
been detected about 774 DPs including both “for-
ward” (FDP) and “reverse” (RDP) bursts. In this
case only 198 bursts, recorded on 13 July of 2002
using the DSP, were subjected to a detailed analy-
sis of all the parameters, such as the duration of the
first and second components, the time delay between
DP components, instantaneous bandwidth and radi-
ation flux. Only two parameters from the DP data
obtained by the 60-channel spectrometer were anal-
ysed. They are central frequencies and frequency
drift rates of DP components. In the solar obser-
vations on 10-12 July of 2015 we have found 301
DP bursts, 92 of which were RDPs, and 209 —
FDPs. All of them were recorded by the digital re-
ceiver/spectrometer at 9-33 MHz.

RESULTS

One of the most important characteristics of DPs
is its distribution over the frequency range. It deter-
mines the number of events at distinct frequencies
with the step of 1 MHz. Fig. 1 shows the correspond-
ing histograms for the DPs data obtained in 2002 and
2015. As it is easily seen, the number of FDPs de-
creases at high frequencies, whereas the number of
RDPs is reduced to lower frequencies. A difference
between the DP data of 2002 and 2015 should be
noted. At low frequencies of the frequency band the
contribution of FDPs is underrepresented in the ob-
servations of 2002, and this is not the same in the
FDPs histogram of 2015. A similar situation is ob-
served for RDPs at high frequencies. This may be
explained by the fact that the bursts of 2002, trapped
partly in the frequency range of observations (not
completely visible on the dynamic spectrum), were
excluded from consideration.

In the observations of 2015 all the DP bursts
without exception were taken into account. There-
fore, the histograms of 2015 indicate that the number
of RDPs increases in the direction of high frequen-
cies, and FDPs seek on the other direction of the
frequency range. This fact can be characterized by
skewness as a measure of asymmetry of the distri-
butions. FDPs have 0.237 whereas it is —0.966 for
RDPs. Recall here that negative skew indicates a
longer tail of the distribution on the left side com-
paring to the right side, and positive skew — longer

Ya. S. Volvach, A. A. Stanislavsky, A. A. Konovalenko et al.

distribution tail on the right. Unfortunately, the fre-
quency range of DP observations is not wide enough
to characterize the distributions of FDPs and RDPs
completely. Observations at lower frequencies are
needed for the studying FDPs, but there is the iono-
spheric cut-off for ground-based instruments, while
the space-based observations do not give an accept-
able resolution in time and frequency. Besides, their
instrumentation sensitivity is not high enough. On
the other hand, observation at higher frequencies,
that are required for the analysis of RDPs, have bet-
ter prospects with the development of a new low-
frequency radio telescopes in the present days (see,
e.g., |9] and references therein).

Another interesting DP parameter is the total fre-
quency bandwidth occupied by such bursts. We have
analysed this parameter for FDPs and RDPs using
observational data sample of 2015. Fig.2 presents
their frequency bandwidth distributions. According
to our data the average value of frequency bandwidth
is 2.82 + 1.32 MHz for RDPs, and 3.6 £+ 2.4 MHz for
FDPs. Despite of the fact that the long DPs ob-
served in 2002 were not taken into account, the av-
erage values of DPs frequency bandwidth from the
recent observations are close to the values from [5],
namely 4.07 + 1.82 MHz and 3.17 £+ 1.65 MHz for
FDPs and RDPs, respectively. Recall that the DPs
frequency bandwidth from observations of 2002 has
been established by means of DSP. It is interesting
to note that our observations on 2015 clearly showed
that high-frequency edges of long DPs were located
upward the frequency band of the UTR-2 radio tele-
scope.

Histograms of the frequency drift rates of DPs
for both, 2002 and 2015, data samples are shown in
Fig. 3. Comparing these two data samples, one can
notice that, basically, they have much in common.
For example, the distributions of FDPs and RDPs
from 2002 and 2015 data sets have similar shapes:
compact distribution of the FDPs and a fat tail in
the direction of high frequency drift rates for RDPs.
The statistical properties of these bursts are listed in
Table 1. Both data sets have similar values of means
and rms. More detailed the frequency drift rates of
DPs will be considered elsewhere.

Table 1: Means and rms of DPs in frequency drift rate
on 2002 and 2015.

years 2015 2002

type FDPs RDPs FDPs RDPs

mean, MHz/s | —0.83 1.77 —0.78 1.8

rms, MHz/s 0.6 1.1 0.42 1.6
CONCLUSIONS

With good reason the study of DPs can be at-
tributed to astrophysical problems accessible for in-
vestigations only at low radio frequencies (~10-
100 MHz). The continuous modernization of the
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Fig. 1: Comparison of central frequency histograms obtained for FDPs and RDPs from the observa-

tions in 2002 and 2015.

UTR-2 radio telescope improves the quality of ob-
tained results in the study of solar bursts. The
present work demonstrates one of achievements in
this direction. In particular, it has been shown that
decametre FDPs and RDPs differ in properties. On
the other hand, many similar features between these
two sets of DP data (2002 and 2015) indicate the sta-
bility of the frequency-time properties of decametre
DPs from one cycle of solar activity to another. In
this context the capabilities of a new Ukrainian ultra-
broadband radio telescope GURT (Giant Ukrainian
Radio Telescope), being built now, will be extremely
useful for understanding the state of DPs in the man-
ifestation of solar activity.
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Fig. 2: Comparison of frequency bandwidth histograms obtained for FDPs and
RDPs according to the observations in 2002 and 2015.
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Fig. 3: Histograms of frequency drift rates on the central frequency for FDPs
(white columns) and RDPs (shaded columns) in 2002 and 2015.
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