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Millisecond solar radio spikes observed at
1420 MHz

B. P. Dabrowski and A.J. Kus

Torun Centre for Astronomy, Nicolaus Copernicus Univgr$3#-100 Torun, Gagarina 11,
Poland e-mailhelios@astro.uni.torun.pl

Abstract. We present results from observations of narrowband soldisetond radio
spikes at 1420 MHz. Observing data were collected betwebrugey 2000 and December
2001 with the 15-m radio telescope at the Centre for Astrondiitolaus Copernicus
University in Torun, Poland, equipped with a radio speataph that covered the 1352—
1490 MHz frequency band. The radio spectrograph has 3 MHuéecy resolution and
80 microsecond time resolution. We analyzed the individaaio spike duration, band-
width and rate of frequency drift. A part of the observed spikhowed well-outlined subtle
structures. On dynamic radio spectrograms of the invesiijavents we notice complex
structures formed by numerous individual spikes known asénshof spikes and distinctly
different structure of columns. Positions of active regionsieoted with radio spikes emis-
sion were investigated. It turns out that most of them aratkxmt near the center of the solar
disk, suggesting strong beaming of the spikes emission.

Key words. Sun: radio radiation — Sun: flares — Sun: magnetic fields — %uays, gamma
rays

1. Introduction negative drifts dominate. However, observed
, . . drifts of the emission frequency of the individ-
Decimetre radio spikes are short (usually g3 spikes or groups of spikes can be construed
few tens of ms) and narrowband (a few pefynt only as a result of the motion of the excit-
cent of the centre frequency) peaks in the radigq ta ctor through the plasma but also as a local
spectrumi(Droge 1977). They appear in multizhange of physical parameters of the emitting

element groups, typically up to many thouy asmaliBens 1986).
sands of individual events each (Beéhz ]‘9865). )

The short duration and narrow bandwidth sug- Theoretical models of the radio spike emis-

gest a small source size (Barta & Karclickysion are based mainly on plasma emission
2001). The dynamical radio-spectra of thend on electron-cyclotron maser emission. The
spikes show their very fast drifts in frequenemission of the radio spikes is undoubtedly

cies, with a wide scatter of the drift rates overelated to fine scale elementary processes of
positive and negative values (the negative drifhagnetic fields annihilations and energy re-

is defined as a change of the observed fréeases, occurring in very short time scales
quency from higher to lower) but usually theand evidently in very small spatial scales

(Aschwanden & Benz 1997; Robinson _1991;

Send offprint requests to: B. Dabrowski Benz et al.l 2001).
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Fig. 1. The left plot shows the decimetre radio spike L1444
without internal structure recorded on 11 July 2000,
the right plot the decimetre radio spike with internal
structure recorded on 23 April 2000.
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2. Instrument and Observations )
Time [s]

The results presented here were obtained WiE”g 3. The columns of spikes recorded on 22

15-m Tc_)run radio telescope equipped W'th_ ftarch 2001 (beginning at 13:11:18.2 UT). One can
fast radio spectrometer — the Pulsar Machinge a clear column of the spikes (marked with bro-
Il (Cadwelll [199¥) that covers the range oken lines) on the dynamic spectrum. The range of
1352 MHz to 1490 MHz. The spectrometer haghe relative flux is from 0 (white) to 25.9 (blue).

3 MHz frequency resolution (46 channels) and

80 us time resolution.

In the period from February 2000 to
December 2001 (during nearly 2000 hours of
observation) we have observed 13 events with
radio spikes. The presented observations of
the spikes in the decimetre band have proba-
bly the highest time resolution obtained ever.
We have evaluated main observational param-
eters of 5199 individual spikes: the duration,
bandwidth and drift. The mean duration time
of spikes is 36 ms, the mean value of band-
width of spikes is 9.96 MHz, the mean value of
velocity of the negative drift is —776 MHz%
‘(’j‘lggbr?)fvng](?etp;SItgé)eOS(;nft 's 1608 MHzZ$ F!g. 4, Distribution of active regions connected

. ’ ; with radio spike emission on the Solar disc. The ac-

Using X—ray, UV and ground based Obsert'lve regions where we found spikes are marked with

vations we have analysed main properties Qfars. The concentric circles are drown af,35°
the active phenomena correlated in time witBng 99 from the disc centre.

the observed spikes (Dabrowski etflal._2005).

wl

3. Discussion of the results and (2) Thanks to the very high temporal resolu-
conclusions tion of the radiospectrograph used, we have

found spikes, called by us spikes without inter-
(1) We have found that radio spikes (infidir- nal structure, that have a simple form of a sin-
ent radio events) were emitted during increasgle increase of radio flux, limited in time and
impulsive, peaks and gradual phases of the sfrequency and spikes showing a well outlined
lar flares. subtle internal structure, consisting of a few lo-
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Fig. 2. On the left is shown a chain of spikes with a drift in frequemegorded on 26 March 2000 (be-
ginning at 10:38:00.6 UT). In the upper panel presentedsislynamic spectrum. In the lower panel are
shown the changes of signal intensity (along the slopeddamess the upper part) vs. time and frequency.
The range of the relative flux is from 0 (white) to 9.1 (blueh the right is a chain of spikes without a drift
in frequency recorded on 26 April 2000 (beginning at 14:3®& UT). In the upper panel presented is its
dynamic spectrum. In the lower panel the changes of sigtahgity (at the frequency where we observed
the highest signal for this chain of spikes) is shown. Thgeaof the relative flux is from 0 (white) to 10.4
(blue).

cal, internal maxima (Fi§d1). We will refer to the corona.

them arbitrarily as to spikes with internal struc{8) We found that the spikes related to the solar
ture. flares are emitted from events of various mor-
(3) On the dynamic spectrum we have founghologies, various scenarios of evolution and
chains of spikes. They are formed by tightarious configurations of the interacting mag-
groups of spikes with their emission band drifthetic fields.

ing in frequency (i.e. chains with drift) or emit-

ted in a constant band (chains without driftf\cknowledgements. B.P.D. is grateful to the Local
(Fig.). The durations of the chains of spike£rganizing Committee conference Glronae of
observed vary from 67 ms up to 509 ms. Stars and Accretion Disks for the support that en-
(4) On the dynamic spectrum we have founabled him to join the conference in Bonn.

a new structure called by us column (Fh. 3).
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