This article was downloaded by:[Bochkarev, N.]

On: 7 December 2007

Access Details: [subscription number 746126554]

Publisher: Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954
Registered office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

,-'1:5'1'.’\’[:.]_, OMICALand Astronomical & AstrOphysicaI
ASTROPHYSICAL

T RANSACTIONS

Transactions
The Journal of the Eurasian Astronomical
Society

Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713453505
Solar sporadic radio emission in the decametre

waveband

V. N. Mel'nik % A. A. Konovalenko 2; E. P. Abranin & V. V. Dorovskyy 2; A. A.
Stanislavsky 2 H. O. Rucker °; A. Lecacheux ©

& |nstitute of Radio Astronomy, Kharkov, Ukraine

b |nstitut fur Weltraumforschung, Graz, Austria

¢ Observatoire de Paris, Paris-Meudon, France

Online Publication Date: 01 October 2006

To cite this Article: Mel'nik, V. N., Konovalenko, A. A., Abranin, E. P., Dorovskyy, V. V., Stanislavsky, A. A., Rucker, H.
0. and Lecacheux, A. (2006) 'Solar sporadic radio emission in the decametre waveband', Astronomical & Astrophysical
Transactions, 24:5, 391 - 401

To link to this article: DOI: 10.1080/10556790600568854

URL: http://dx.doi.orag/10.1080/10556790600568854

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article maybe used for research, teaching and private study purposes. Any substantial or systematic reproduction,
re-distribution, re-selling, loan or sub-licensing, systematic supply or distribution in any form to anyone is expressly
forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents will be
complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses should be
independently verified with primary sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand or costs or damages whatsoever or howsoever caused arising directly or indirectly in connection with or
arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713453505
http://dx.doi.org/10.1080/10556790600568854
http://www.informaworld.com/terms-and-conditions-of-access.pdf

Downloaded By: [Bochkarev, N.] At: 15:50 7 December 2007

Taylor & Francis
Taylor &Francis Group

Astronomical and Astrophysical Transactions
Vol. 24, No. 5, October 2005, 391401

Solar sporadic radio emission in the decametre waveband

V. N. MEL'NIK*7, A. A. KONOVALENKOf, E. P. ABRANINT, V. V. DOROVSKYY,
A. A. STANISLAVSKYT, H. O. RUCKER: and A. LECACHEUXS

tInstitute of Radio Astronomy, Chervonopraporna Street 4, 61002 Kharkov, Ukraine
FInstitut fiir Weltraumforschung, Schmiedlstrasse 6, A-8042, Graz, Austria
§Observatoire de Paris, Laboratoire d’Etudes Spatiales et d’Instrumentation en Astrophysique,
Formation de Recherche en Evolution au CNRS 2461, place Jules Janssen 5, Paris-Meudon 92195,
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The first results of observations of solar sporadic radio emission with the UTR-2 radio telescope in
2001-2003 are reported in this paper. Using new back-end facilities, the digital spectro-polarimeter and
60-channel spectrometer allowed us to obtain data with a time resolution up to 2 ms and a frequency
resolution of 12kHz in a continuous frequency band of 12 MHz. The usual type III bursts, type I1Ib
bursts, U and J bursts, spikes and unusual bursts in the decametre wavelength band are discussed in
this paper. Special attention is paid to the detection and analysis of type II bursts and their properties,
the fine structure of type III bursts, the new observational features of drift pair bursts, ‘absorption’
bursts and the statistical analysis of solar radio bursts.
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1. Introduction

The radio telescope UTR-2 (Kharkov, Ukraine) is at present the world’s largest radio telescope
operating in the decametre wavelength band [1]. It has been involved in solar observations
since the beginning of the 1970s. Usually the observations were carried out using filter bank
spectrometers with only six or eight channels. This limitation did not allow us to investigate
various components of solar sporadic radio emission. By the end of the 1990s our research
activity was limited to the investigation of type III and IIIb bursts, drift pairs and the quiet Sun.

The collaboration of Austrian, French and Ukrainian scientists resulted in the creation of
a new-generation spectrometer, namely a digital spectro-polarimeter (DSP) [2]. The DSP
provided observations with high time and frequency resolutions in rather a wide frequency
band of 12 MHz (or 50% of the working frequency). The DSP observations were supplemented
by a 60-channel filter bank spectrometer, which increased even more the capability of solar
radio emission investigations. The present paper introduces the first results of solar sporadic
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radio emission observations obtained with the new back-end facilities as well as analysis of
the obtained results.

2. Radio telescope and associated equipment

The broadband T-shaped radio telescope UTR-2 consists of two antenna arrays: ‘north—south’
(1800 m along the north—south direction) and ‘east-west’ (900 m along the east—west direc-
tion). The ‘north—south’ antenna is in turn divided into two separate arrays, each of which
includes 720 broadband dipoles (six rows by 120 dipoles). The ‘east—west’ antenna consists
of six rows by 100 dipoles. The discrete phasing system allows us to cover the sector +50°
in the right ascension plane and £+80° in the declination plane. The effective area of the
‘north-south’ antenna equals 100 000 m? and that of the ‘east-west’ antenna equals 40 000 m?
when pointed at the zenith. The telescope beam could be as narrow as 25" at 25 MHz. The
wide dynamic range and linearity of the amplifiers as well as their optimal distribution almost
exclude intermodulation interference.

At the end of the 1990s a new 60-channel filter bank spectrometer was created. It has 60
identical channels with a selectable bandwidth from 3 to 10 kHz. The central frequency of
each channel can be chosen in the range 10-30 MHz depending on the observational pro-
gramme. The spectrometer has a variable time resolution from 20 ms to several minutes with
data accumulation and averaging. The dynamic range is 40dB with a sensitivity of about
10"’ Wm—2Hz .

In 1999-2002, joint observations of the solar sporadic radio emission were carried out at
the UTR-2 radio telescope with the assistance of scientists from the Space Research Institute
(Graz, Austria), Paris-Meudon Observatory (Paris, France) and Institute of Radio Astronomy
(Kharkov, Ukraine). During these observations the DSP was used as the back-end facility.

3. Observations

Observations with the new recording devices were started in 2001 [3]. During this period
we have observed not only well-known events in the decametre band events, such as type III
and IIIb bursts and drift pairs, but also bursts which have not been observed before in this
frequency range: type II bursts, U, J and S bursts, decametric spikes and absorption bursts.
Moreover we have obtained new information about well-known events and, in particular, we
have found the fine structures of type III, type II bursts and drift pairs. Let us briefly describe
the main properties of these events.

3.1 Type III bursts

Type III bursts in the decametre band have drift rates of about —3 MHzs~! and durations
close to 10s. Their time profiles are smooth, which apparently indicates the uniformity of
the electron beams generating these bursts. Type IIIb bursts are shorter (3 s) and drift a little
more quickly (—4 MHzs™!). Usually they are slightly brighter. Together with the ordinary
bursts, we have also observed type III bursts with a fine structure [4]. During observations in
2001-2002, more than 50 such bursts were recorded. Usually the fine structure has the form
of short narrowband subbursts with their own drift rates.
The subbursts can be classified by their drift rates into four groups:

(i) subbursts drifting more rapidly than the host burst (the highest observed drift rate was
about 12 MHzs ™) (figure 1);
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subbursts with drift rates of around 1 MHz s~ !;
subbursts drifting more slowly than 100kHzs™! (figure 2(a));
a combination of subbursts with positive and negative drifts (figure (2b)).
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Figure 1. Type III burst with a fine structure: (a) profile; (b) dynamic spectrum.
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Figure 2. Type Il bursts with subbursts (a) drifting more slowly than the host burst and (b) drifting in both directions.

Also in group (ii) we can include the cases when drift pairs and solar S bursts were observed
just on the background of the type III burst. Apparently, this is not a simple superposition of
different bursts emitted from different sources in the corona since both the drift pairs and
the S bursts are sharply bounded by the host type III body. The duration of the subbursts
belonging to the host burst usually equals approximately 1 s. In our opinion, the fine structure
is a manifestation of some other particle beams with parameters (density and/or velocity) that
are different from the parameters of the host type III electrons.
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Figure 3. (a) U-type and (b) J-type bursts with the reverse point at 10 MHz.

Inverted U and J bursts are also included in the class of type III bursts. Examples of such
bursts observed on 27 July 2003 are shown in figure 3. The return points of these bursts were
at the lowest frequencies ever observed, namely 10 MHz. Thus, if we believe that these bursts
are generated by the electrons moving along the closed magnetic loops, then it means that the
heights of these loops exceed Rg,.



Downloaded By: [Bochkarev, N.] At: 15:50 7 December 2007

396 V. N. Mel’nik et al.

3.2 Type II bursts

In 2001-2002, we first observed type II bursts in the frequency range 10-30 MHz (figures 4
and 5) [4]. In the decametre wavelength band, the type II bursts drifted with rates of
30-70kHz s~ . Their instantaneous bandwidth was 1-3 MHz. They often consisted of lines in
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Figure 4. Type II burst: (a) dynamic spectrum; (b) time profile.
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Figure 5. Type II bursts with a ‘herringbone’ structure and a wave-like ‘backbone’.

the same way as occurred at higher frequencies. The most important feature was that the type
II bursts had a fine structure in the form of subbursts drifting towards both lower and higher
frequencies. This may mean that electrons were accelerated in opposite directions from the
shock front, i.e., they moved towards and outwards from the Sun. The observed subburst drift
rates were about 1-3 MHz s~! while their duration was 1-2s.
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A type II burst with a herringbone structure was recorded on 7 July 2002 (figure 5(a)). Its
drift rate was approximately equal to zero, which meant that the shock wave moved parallel
to the solar surface. As can be seen from figure 5(a), the backbone had a wave-like shape.
In our opinion this can take place when the shock wave intersects the coronal structures.
The characteristic parameters of these structures could be estimated from the ‘amplitude’ and
‘wavelength’ of the backbone trace on the time—frequency plane. We recorded a very similar
burst on 17 July 2003 (figure 5(b)). Its average drift rate was 25kHzs™! and it also had
a wave-like backbone. The subbursts drifting towards higher frequencies had absolute drift
rates several times higher than those drifting in the opposite direction. They also had longer
lifetimes, which may be the result of different conditions for the propagation of accelerated
electrons at the two sides of the shock wave.

3.3 Drift pair bursts

This kind of sporadic solar radio emission was observed mostly during type III storms and
very often appeared as a storm of drift pair bursts [4,5]. These events were rare and not
every type III storm was accompanied by them. There were ‘forward’ (drifting from higher
to lower frequencies) and ‘reverse’ (drifting in the opposite direction) drift pairs. According
to our observations [4, 5], the numbers of these were approximately equal, but they occurred
at different frequencies. The forward drift pairs occurred more or less uniformly in the fre-
quency range down to 15 MHz, but the number of reverse drift pairs decreased sharply below
25 MHz. Drift pairs usually extend over a frequency band of 3—4 MHz. The forward drift pairs
had absolute average drift rates of about 0.8 MHzs~! and a corresponding narrow drift rate
distribution. In contrast, the reverse pairs had a wider drift rate distribution with a maximum
at approximately 1.6 MHzs™!. Also we should note that enormously high drift rates (more
than 10 MHz s™!) were detected only for reverse drift pairs. At the same time, only forward
bursts were observed with anomalous low drift rates (up to 0.3 MHz s~ !). The average values
of time delay between the components of the pair in all cases were almost equal: 1.7 s for
forward drift pairs and 2 s for reverse drift pairs. The duration of each component was about
1 s again for both types of drift pair. The fluxes of the majority of drift pairs were between 5
and 100 solar flux units. Sometimes we observed ‘diffuse’ drift pairs with a duration of 2,
drift pairs with a fine structure in the form of clouds or subbursts, as well as ‘hook’ bursts
(the combination of reverse and forward drift pairs when the end of the first drift pair sharply
coincided with the beginning of the second).

The preferred value of the drift rate may be explained by the fact that these bursts are gen-
erated by the excitation of fast magnetosonic waves having equal phase and group velocities.
In this case, on the one hand, the Cherenkov resonance condition is satisfied (vpn = Vgr, Vph
and v, are the phase and group velocities respectively of the fast magnetosonic wave). On the
other hand, these waves propagating together with the particle beam at the same speed as the
beam (vgr = vy, Where vy, is the speed of the particles in the beam) could obtain energy from
the particles for a long period of time. Further interaction of excited magnetosonic waves with
existing Langmuir waves gives transverse waves, which were recorded as drift pair bursts.
The limited frequency band in which drift pairs occur and the existence of the bursts with drift
pairs of opposite signs may be connected with inhomogeneities in the coronal plasma, as was
noted in [6].

3.4 Solar S bursts

Solar S bursts as well as drift pair bursts are observed mostly during type III storms and
appeared in a group forming a kind of S-burst storm. The main properties of these bursts have
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been discussed in more detail in a separate paper. Here we would like to note that some of
the parameters of S bursts are very close to those of drift pairs. First of all we consider the
drift rate, which for S bursts equals 1 MHz s~!. However, for drift pairs the drift rate remains
constant along one separate burst, whereas for S bursts it noticeably decreases with decreasing
frequency. Moreover, the dependence of the drift rate on the frequency is very similar to that
of type III bursts. This apparently indicates that, in the same way as for type III bursts, the
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Figure 6. Absorption bursts: (a) dynamic spectrum; (b) time profile at a frequency of 22.25 MHz.
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dependence of the S-burst drift rate on the frequency is the manifestation of the inhomogeneity
in the average corona, i.e., we can assume that the source of the S bursts moves through the
plasma of the average corona. S bursts have a negative drift rate and apparently do not form
pairs with a definite time interval. Their duration in the decametre band (0.3 s) appeared to be
larger than at frequencies greater than 40 MHz s~! (about 0.1 s). This looks natural when it is
taken into account that the durations of type III bursts also increase at lower frequencies. The
emission mechanism of S bursts may be analogous to that of drift pairs, but it is realized in
the conditions of a homogeneous average corona.

3.5 Absorption bursts

A number of papers [7, 8] have reported an absorption region in the background of the emission.
This absorption region drifted rapidly towards lower frequencies. Such a phenomenonon was
called an absorption burst or type III absorption burst [7]. All previous observations were
carried out at frequencies greater than 34 MHz. On 19 August 2003 at 11h 19m 10sto 11h
25 m 00 s we recorded an absorption burst at lower frequencies (less than 30 MHz) (figure 6(a))
[9]. Also we observed its evolution in the frequency range 10-30 MHz. This burst drifted with
a rate of about 120kHzs~! which corresponded to a linear velocity in the absorption region
of more than 2000 kms~!.

The type II burst on the background of which the absorption burst was seen drifted slowly,
about 30 kHz s~!. Approximately 4 min earlier (from 11h 15m 00s to 11h 18 m 205s) there
was another absorption region at frequencies of 10-14 MHz. It was difficult to estimate its
drift rate. The time profile of the absorption burst (figure 6(b)) showed that the leading edge
of the burst was flatter than the trailing edge (7; ~ 1.57, where 1; is the emission decay time
and t; is the emission rise time). In the literature, there was no definite point of view on the
nature of this phenomenon. A fast drift rate only adds uncertainty, since it is to fast to transport
a large amount of matter which could be considered as one possible absorbing object.

4. Conclusion

New back-end facilities installed at the world’s largest decametre radio telescope UTR-2
allowed us to observe for the first time new phenomena in the frequency range 10-30 MHz,
such as type II bursts at decametre wavelengths and the fine structure of type II and type III
bursts. Also new information about the properties of type II and type III bursts, solar S bursts,
drift pairs and absorption bursts were obtained. It is expected that the LOFAR radio telescope
at present being built will give new information about solar sporadic radio emission.
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