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Abstract. Radio spectra, observed during solar flares, are usually very complex (many bursts
and fine structures). We have developed a new method to separate them into individual bursts
and analyze them separately. The method is used in the analysis of the 0.8-2.0 GHz radio
spectrum of the April 11, 2001 event, which was rich in drifting pulsating structures (DPSs).
Using this method we showed that the complex radio spectrum consists of at least four DPSs
separated with respect to their different frequency drifts (-115, -36, -23, and -11 MHz s™"). These
DPSs indicate a presence of at least four plasmoids expected to be formed in a flaring current
sheet. These plasmoids produce the radio emission on close frequencies giving thus a mixture of
superimposed DPSs observed in the radio spectrum.
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1. Introduction

The drifting pulsating structures (Karlicky 2004, Reiner et al. 2008) observed at the
beginning of the eruptive solar flares have been found to be radio signatures of the plas-
moid ejection (Karlicky & Odstréil 1994, Ohyama & Shibata 1998, Karlicky et al. 2002).
Based on the MHD numerical simulations, Kliem et al. (2000) suggested that the drift-
ing pulsation structure is generated by superthermal electrons, trapped in the magnetic
island (plasmoid) in the bursty regime of the magnetic field reconnection. The global
slow negative frequency drift of the structure was explained by a plasmoid propagation
upwards in the solar corona towards lower plasma densities. This model of DPSs was
further developed and verified in the papers by Karlicky & Bérta (2007), Barta et al.
(2008), Karlicky et al. (2010).

2. Observations and analysis

Observed radio spectra usually consist of many radio bursts and fine structures super-
imposed in the same time and frequency intervals. Therefore, it would be highly desirable
to separate these individual radio features and analyze them separately. For this purpose
we developed a new method (Mészéarosova et al. 2010) that is able to separate the bursts
and fine structures according to their frequency widths and temporal scales. The method
is based on the wavelet analysis technique. In order to present capabilities of our method
we have tested it using artificial radio spectra (Mészarosové et al. 2010).
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Figure 1. Separation of DPSs in the radio dynamic spectrum of the April 11, 2001 event:
(a) original radio spectrum with DPSs, (b) part of the original radio spectrum with DPSs,
(c) averaged global spectrum (ASf) with a peak for the frequency width = 450 MHz, (d) filtered
radio spectrum in the frequency width range = 350-500 MHz, (e) averaged global spectrum (ASt)
made from the spectrum in the panel d (f) separated DPSs in the period range 3-6 s, (g) sep-
arated DPSs in the period range 6-15 s, (h) separated DPSs in the period range 15-29 s, and
(i) separated DPSs in the period range 29-52 s. Arrows in panels show frequency drifts of DPSs.
The positive and negative parts of amplitudes (in the relation to their mean values) are in white
and black colors, respectively (panels d and f—i).

In the present paper we applied this method on the 0.8-2.0 GHz radio spectrum
observed during the April 11, 2001 event (GOES M2.3, NOAA AR9415) by the Ondiejov
radiospectrograph (Jificka et al. 1993). We analyzed this spectrum in the time interval
13:09:20-13:29:20 UT (i.e. 1200 s) and in the frequency range 0.8-2.0 GHz (see Figure 1,
panel a). Its time resolution is 0.1 s. As an example of our analysis, we present here the
analysis of the spectrum in the time subinterval 13:14:00-13:15:40 UT. As can be seen
here, this part of the radio spectrum consists of several superimposed DPSs. We used
the same method as in the paper by Mészdrosova et al. (2010). We took the spectrum
(Figure 1, panel b) as an input data set for the separation according to frequency widths
of DPSs. Then we computed the averaged wavelet spectrum (ASf, panel ¢). It shows
a peak for the frequency width 450 MHz. It means that the most of DPSs in the radio
spectrum (panel b) have the frequency width of about 450 MHz. Therefore, we computed
a new filtered radio spectrum in the frequency widths range 350-500 MHz, where the
values 350 and 500 MHz correspond to local minima around the peak at 450 MHz. This
filtered spectrum is presented in the panel d. Then, the data set in panel d became the
input data for the separation according to temporal periods of DPSs. The averaged global
spectrum (ASt) shows four peaks (panel e) for the periods P= 4.7, 12, 20, and 45 s. Tt
means that the DPSs with frequency width of about 450 MHz have the characteristic
periods 4.7, 12, 20, and 45 s. Then, using the inverse wavelet transform we computed
the final spectra filtered in the period ranges 3—6 s (panel f), 6-15 s (panel g), 15-29 s
(panel h), and 29-52 s (panel i) where these range values correspond to local minima
around the period peaks in panel e. The positive and negative parts of amplitudes are
in white and black colors, respectively (panels d and f—i). This type of displaying makes
possible to see individual DPSs in very good contrast.
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At least four different frequency drifts can be recognized (-115,-36, -23, and -11 MHz s},
see the arrows 1, 2, 3, and 4 in the panels f, g, h, and i, respectively). It means that at
least four DPSs are present in the complex radio spectrum observed in the April 11, 2001
event. We have obtained similar results also for other selected subintervals during the
time interval 13:15:40-13:29:20 UT.

3. Conclusions

Using new method (Mészarosova et al. 2010), the complex spectrum observed during
the April 11, 2001 flare with many drifting pulsating structures (DPSs) was analyzed.
We found that the characteristic bandwidth of these DPSs is about 450 MHz in whole
time interval under study (13:09:20-13:29:20 UT, Figure 1, panel a). The DPSs in time
subinterval (13:14:00-13:15:40 UT, panel b) revealed the frequency drifts -115, -36, -23,
and -11 MHz s™!, respectively (panels f—i). The DPSs of the others time subintervals
(13:15:40-13:29:20 UT) show similar frequency drifts.

Usually only one DPS is observed as a signature of the ejection of one dominant plas-
moid. However, in the flaring current sheet a series of plasmoids of different sizes can be
formed (Shibata & Tanuma 2001). If these plasmoids produce the radio emission on close
frequencies then on the radio spectrum we can see a mixture of different and superim-
posed DPSs. The radio spectrum of the April 11, 2001 event shows such superimposed
DPSs. Our analysis of this spectrum revealed that it consists of at least four different
DPSs (panels f—i), which means that at least four plasmoids (magnetic islands) were
generated in the flaring current sheet. But the velocities of these plasmoids, oriented in
the upward direction in the solar atmosphere, differ.
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