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Abstract

The goal is to study parameters of drifting type III bursts, and find out the emission mechanism of these bursts and understand what
factors affect instantaneous spectral bandwidth of these bursts.

We used simultaneous observations of microwave type III bursts with high temporal, spatial and spectral resolution from the Siberian
Solar Radio Telescope (5.7 GHz, 14 ms resolution) and from the spectropolarimeters (5.2–7.6 GHz, 5 ms) of the National Astronomical
Observatories.

Characteristic parameters such as starting frequency, total and instantaneous bandwidth, polarization degree, total duration, and rate
of frequency drift were determined for the radio bursts. We analyzed and estimated parameters, which determine instantaneous
bandwidth.
� 2007 COSPAR. Published by Elsevier Ltd. All rights reserved.
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1. Introduction

The fine temporal structure takes up a special place
among the different types of flare emission. This structure
was revealed at individual frequencies as intense pulses
lasting less than one second, which were superposed on
broadband continuum emission of much longer duration.
Their short duration implies a compact size of the emission
source. Broadband spectrometer observations have shown
that the fine temporal structure has different spectral fea-
tures. The main structures are broadband pulsations,
spikes, and bursts with frequency drift (Benz, 1986).

Spikes and drifting bursts have relatively narrow instan-
taneous frequency band of emission. Their emission can be
coherent and excited by non-thermal electrons. The fre-
quency drift is naturally explained by an emission source
moving along the plasma density or magnetic field gradi-
ents. The frequency drift events can be confidently subdi-
vided into two classes in the metric and decimetric range:
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bursts of types II and III, which differ in drift rates. We
are justified to state that the type III bursts are related to
accelerated electrons moving at velocities of more than
4 · 104 km/s, and the type II bursts are a reflection of
shock wave fronts moving at magnetosonic velocities
(200–2000 km/s).

In the centimetric range (4–8 GHz) these structures
were first classed in a study by Allaart et al. (1990). It
was revealed that the centimetric range is peculiar in that
the frequency drift is predominantly towards higher fre-
quencies as well as exhibiting a wide range of absolute
values of drift rates, 0–20 GHz/s. Two groups of fre-
quency drifting structures were singled out, with drift
rates above/below 2 GHz/s. These groups differ from
each other in intensity and duration. As shown in Brugg-
mann et al. (1990), the direction of the drift in the cen-
timetric range is observed to be towards higher
frequencies, with a mean rate of about 4 GHz/s and scat-
ter of the order of the mean value. Benz et al. (1992)
explained the observable characteristics of the drifting
bursts by plasma oscillations excited by an accelerated
electron beam. It was suggested that electromagnetic
ed.
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emission is generated when longitudinal plasma oscilla-
tions merge, i.e. the drifting bursts were regarded as type
III bursts emitted by electron beams. Absorption of elec-
tromagnetic emission by the background plasma is large
as distinct from the low-frequency type III bursts. In this
case, it is necessary to assume that the emission is in a
transverse direction from thin magnetic filaments
(�100 km) with high plasma density (�1011 cm�3).

A new stage in the research into the drifting bursts in
the centimetric range began when the possibility
appeared to simultaneously observe the burst spectrum
and distributions of radio brightness with the millisecond
temporal resolution. Interferometric observations of the
sources of fine temporal structure make it possible to
localize them into flare loops and determine the temper-
ature and plasma density in the source using soft X-ray
images of the flare region. By now, analysis of such
observations for some events with drifting bursts has
been made (Altyntsev et al., 2003; Meshalkina et al.,
2004, 2006). It was established that the emission fre-
quency of drifting bursts corresponds to the doubled
Langmuir frequency, the plasma temperature is typical
for flare loops (about 107 K), the magnetic field value
does not exceed 70–200 G.

The wide scatter of drifting burst parameters in the drift
rate, the polarization degree, etc. point to the possibility of
different generation mechanisms. Therefore, the study of
statistic characteristics of drifting bursts is very relevant.
The characteristics of a large number of bursts were ana-
lyzed by Ning et al. (2005). Twenty-two groups of drifting
bursts during 1999–2003 have been revealed with the Pur-
ple Mountain Observatory (China, 4.5–7.5 GHz). Data
for the mean drift rate in the group, and for the number
and repetition frequency of drifting bursts during one flare
event were analyzed in that paper. As in previous studies,
the frequency drift rate varied over a wide range with the
mean value of about 7 GHz/s.

The primary drift towards higher frequencies and the
large scatter of drift rates may be explained by acceleration
of electron beams near the tops of closed flare loops in
terms of the type III burst conception. This assumption
was confirmed for some bursts in Meshalkina et al.
(2004). When moving down in the denser plasma region,
accelerated electron beams excite Langmuir oscillations
with frequency increasing with time. This is due to prefer-
ential downward propagation into denser plasma layers of
accelerated electron generating Langmuir oscillations with
frequency increasing with time.

Analysis of statistic characteristics of instantaneous
spectral bandwidths of drifting bursts is very important
for determining their generation mechanism. At the centi-
metric range, an analysis of such data was made for nar-
rowband driftless subsecond pulses, which are known as
spikes. Csillaghy and Benz (1993) have showed that the
range of bandwidths was relatively large. It has been found
that the spectral bandwidth displays very large scatter both
inside one event and from one burst to another and indi-
vidual bandwidths show a scatter of a factor 2–3 or more
within an event. The minimal relative bandwidth was about
0.65% for spikes. It was assumed that the observed instan-
taneous spectral bandwidth is determined by inhomogene-
ity of plasma parameters (density and magnetic field)
across the source. In that case changes in the spike band-
width are naturally explained by changing emission source
sizes.

Nowadays, instruments which measure positions of sub-
second structure microwave sources simultaneously with
the dynamic spectrum of their radio emission are the solar
radio spectrometers in China [Solar Radio Broadband Fast
Dynamic Spectrometers (SRS) and Purple Mountain
Observatory (PMO)] and the Siberian Solar Radio Tele-
scope (SSRT) in Badary of the Buryat Republic (Russian
Federation). This paper is concerned with description of
the measuring methods of drifting burst parameters, as well
as with statistical analysis of their parameters. For the
analysis, we use bursts simultaneously registered at the
SRS (5.2–7.6 GHz) in Huairou (Beijing) and by the Sibe-
rian Solar Radio Telescope (SSRT, 5.7 GHz) for 2000–
2004. The simultaneous independent observations from
both instruments give us an assurance these events have
solar origin. In this case, particular attention has been
given to research into spectral characteristics of drifting
bursts.

2. Observation

For the analysis we have selected events with subsecond
pulses using the entire data set (183 events with fine tempo-
ral structure), recorded with the SSRT at 5.7 GHz for the
period 2000–2004 (http://badary.iszf.irk.ru/Ftevents.php
and http://ssrt.iszf.irk.ru/fast/). The Siberian Solar Radio
Telescope (SSRT) is a crossed radio interferometer, operat-
ing in the frequency range 5.67–5.79 GHz (Smolkov et al.,
1986; Grechnev et al., 2003). The components of circular
polarization (R and L) are recorded alternately for an inter-
val of 7 ms each.

The SSRT data were used to determine coordinates of
the fine temporal structure sources on the solar disk.
Dynamic spectra were observed with the Solar Radio
Broadband Fast Dynamic Spectrometers (5.2–7.6 GHz fre-
quency range, 120 frequency channels) at Huairou Solar
Observing Station of the Beijing Astronomical Observa-
tory (Fu et al., 1995). The receiving band of a single fre-
quency channel of the SRS spectropolarimeter is
20 MHz, and the temporal resolution is 5 ms. The compo-
nents of circular polarization (R and L) were recorded
simultaneously. For the SSRT data set the dynamic spectra
of SRS were available for 114 events. Among them we have
found 21 events with well-distinguishable drifting struc-
tures (see, e.g. Fig. 1). Total number of such bursts was
136 (14 with reverse drift) for these 21 events. During the
event, several drifting bursts (from 2 to 12) have been
observed except the flare on 30 March 2001, with 62 drift-
ing bursts during 1 min.

http://badary.iszf.irk.ru/Ftevents.php
http://ssrt.iszf.irk.ru/fast/


Fig. 1. A fragment of the dynamic spectrum with drifting bursts registered on 1 April 2004. The vertical lines indicate the burst interval, analyzed in Fig. 2.

Fig. 3. The drifting burst distribution according to drift rates. The vertical
dotted line shows the mean value 7.3 GHz/s.
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Burst parameter measurement errors at SRS dynamic
spectra are associated with signal fluctuations. That is
why the drift rate and instantaneous bandwidth were eval-
uated using special procedures (see Fig. 2). The drift rate
of/ot was calculated as a linear interpolation of cross-corre-
lation maximum positions of frequency channel time pro-
files (by the method of least squares). The total width of
Df emission band was determined at the half-height of
the frequency cross-correlation maximum distribution
Fig. 2b.

To determine the instantaneous spectral width df, these
time profiles were sequentially displaced in time in order to
compensate the frequency drift, and summarized with sig-
nificant burst amplitude in the frequency range. As a result,
the averaged time distribution of the burst radio brightness
with dt width was found. The instantaneous spectral half-
width of the drifting burst was calculated from the fre-
quency drift width and rate thus: df ¼ dt � of

ot . For the event
presented in Figs. 1 and 2, the drifting burst is observed in
the frequency range 6.2–7.5 GHz. The drift rate is
5.3 GHz/s, and the instantaneous spectral width is about
0.5 GHz or 7% of the carrier frequency.

The histogram of drifting burst distributions according
to drift rate is presented in Fig. 3. The absolute values of
drift rates vary from 1.1 to 24.4 GHz/s. The drift rates scat-
Fig. 2. Technique for determining drift rate and instantaneous bandwidth. (a) T
numbers and 5 ms time intervals are shown along the axes; (b) the same fragmen
indicate maximum cross-correlations of different-frequency time profiles with th
the burst flux is more than half the maximum value; (c) the result of a parallel sh
compensating for the of

ot frequency drift calculated from the values on the b p
horizontal line is half-height; the interval between vertical lines dt is equal to th
drift.
ter symmetrically around 7.3 GHz/s. The frequency drift
rates of most bursts are positive, i.e. consistent with fre-
quency increasing with time. The distribution displays an
interval from 3 to 13 GHz/s (‘‘bulk’’, 99 events of 136
ones), outside which (‘‘tail’’ bursts) event occurrence
abruptly decreases. Fig. 4 shows burst duration distribu-
tion. The majority of the bursts lasted less than 0.2 s, with
‘‘tail’’ bursts generally shorter, their distribution maximum
being shorter than 0.1 s.

Fig. 5 shows the bandwidth distributions for ‘‘bulk’’ and
‘‘tail’’ bursts corresponding to high drift rates. It can be
he parallelogram outlines the fragment with the burst. Frequency channel
t. The white oval marks the center of the reference time profile. Black stars
e reference one. Horizontal black lines mark the frequency range, in which
ift of frequency channel time profiles within the (b) panel frequency range,
anel. The solid line shows an integral over the shifted time profiles. The
e width of radio brightness of a drifting burst righted about the frequency



Fig. 4. The duration distribution of the bursts. The solid line represents
the bursts with drift rates between 3 and 13 GHz/s; the dotted line
represents the bursts with drift rates out of this rate interval.

Fig. 6. Top: dependence of instantaneous spectral width on the angular
distance of the source position from the solar disk center; bottom:
dependence of relative instantaneous spectral width on values of the drift
rates.
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seen that the instantaneous bandwidth values are compara-
ble to the total width. The values of the instantaneous spec-
tral bandwidth range from 0.1 to 2.6 GHz, and are mainly
less than 1.5 GHz. The burst occurrence rate for the instan-
taneous bandwidth decreases faster with increasing emis-
sion bandwidth. This dependence retains its form, when
we use a burst medium frequency-normalized width,
instead of the instantaneous bandwidth value. The relative
instantaneous bandwidth does not exceed 15% for 70% of
the bursts.

Fig. 6 (bottom panel) displays the dependence of the rel-
ative instantaneous width of emission df/f on the drift rate.
Let us note that minimum values do not exceed 3–4% in a
wide range of drift rates from �10 to 10 GHz/s. With rising
drift rate the spread of df/f values increases and the maxi-
mum value exceeds 40%.

The top panel shows the dependence of df on the posi-
tion of the burst source on the solar disk. A large number
Fig. 5. The distribution of emission bandwidths of the drifting bursts. The solid
for the total bandwidth Df, right one – for the instantaneous width df.
of bursts at 30� corresponded to the 30 March, 2001 flare,
in which a large number of bursts were observed. On the
whole, no statistically significant dependence of the instan-
taneous width upon the position on the disk is observed.
Let us point out that flares with drifting bursts are
unevenly distributed throughout the solar disk. The major-
ity of such events (14 of 21 flares) were registered over the
longitudinal range 15–45�, which shows emission
anisotropy.

The degree of burst polarization varied in a wide range
for both electron populations. The portion of bursts with
polarization degree below 30% was about 75%. Note that
line indicates all of the bursts; the dotted line – ‘‘tail’’ bursts. Left panel is



Table 1
The correlation coefficients between the some measured parameters

Duration Absolute drift velocity Total
bandwidth

Distance from solar disk center Df/
fmean

Polarization
degree

Duration �0.46 0.293 0.262 �0.097 �0.068
Absolute drift velocity 0.361 �0.227 0.460 �0.023
Total bandwidth �0.101 0.523 �0.17
Distance from solar disk center 0.038 �0.076
Df/fmean �0.005
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the above dependences are similar for all events excepting
30 March, 2001 and separately for 30 March, 2001.

We have found correlation coefficients between the next
measured parameters: burst duration, mean frequency,
drift rate, total bandwidth, distance from solar disk center,
polarization degree, ratio between instantaneous spectral
width and mean frequency (Table 1).

Our analysis has shown that the largest correlation coef-
ficient was 0.4603 (between drift rate and Df/fmean), for
duration and absolute value of drift rate correlation coeffi-
cient was �0.4600.
3. Discussion

The analysis of the statistical characteristics of drifting
bursts can briefly be summarized thus:

1. The distribution of bursts according to frequency drift
rates is close to the symmetrical form relative to the
mean drift value of about 7 GHz/s (the analysis was per-
formed for all of the bursts except the bursts of the event
on 30 March, 2001). Note that this conclusion is also
correct for the event of 30 March, 2001, in which less
than half of the analyzed bursts (namely, 62 of the total
136) were observed. The mean drift rate is close to the
value obtained from PMO observation data (Ning
et al., 2005).

2. The burst distribution pattern according to frequency
drift rates justifies a subdivision of bursts into two
groups. Bursts which rates ranging 3–13 GHz/s can be
assigned to the first – main, ‘‘bulk’’ – group. Bursts with
large absolute values are placed into the second, ‘‘tail’’,
group.

3. The total burst duration is less than 0.5 s. The total
width of drifting burst emission is generally less than
1.5 GHz, whereas the instantaneous width is less than
1 GHz. At the same time, the majority of the ‘‘tail’’
bursts are broadband.

4. The burst instantaneous band width is minimal, less
than 3%, for low frequency drift rates. As drift rate
increases, its values and scattering rise by an order of
magnitude. No dependence was observed between the
instantaneous width and the position on the disk.

5. The polarization degree of bursts, as a rule, does not
exceed 30%, and no significant drift rate, disk position,
or instantaneous spectral width dependences are
observed.
When determining the generation mechanism, the first
question that arises is whether the emission mechanism is
coherent or incoherent. In this case pulse duration is not
determinative because broadband subsecond pulses may
be produced by the gyrosynchroton mechanism of non-
thermal electron beams at the footpoints of flare loops
(Altyntsev et al., 2000). A pulse-to-pulse correlation
between the microwave and hard X-ray emission with pho-
ton energies of 25–50 keV is evident in these events.

As evident from the analysis, the bandwidth of gydro-
synchron emission is bounded from below by P3 GHz
(Bruggmann et al., 1990; Giménez de Castro et al., 2006),
which value can be realized in a source with high plasma
density if the spectrum of emitting non-thermal electrons
rapidly decreases with energy. The question of frequency
drift nature remains open. In our case (Figs. 5 and 6),
instantaneous emission bands are considerably narrower,
which gives grounds to conclude that the mechanism of
drifting burst emission is coherent. Abnormally, high
brightness temperature of the source is generally perceived
as a feature of the coherent mechanism. However, it can
only be evaluated by indirect estimates of the source size,
with already given emission mechanism and variation
scales of background plasma parameters. At present there
are no instruments to directly measure the brightness tem-
perature of subsecond pulse sources with several arc sec
sizes.

By now a number of events with drifting bursts have
been analysed (Altyntsev et al., 2003, 2007; Meshalkina
et al., 2004) using simultaneous observations at SSRT
and SRS spectropolarimeters. The burst sources were dem-
onstrated to be placed mainly in compact regions near flare
loop tops, in which the magnetic field does not exceed
B = 100–200 G, and the plasma density is n � 1011 cm�3.

Knowing plasma parameters in the source, we can com-
pare frequencies of the narrowband observable emission
with frequencies of free plasma oscillations. For these
parameters, the electron cyclotron frequency is consider-
ably less than plasma frequency and registered emission
frequencies. Consequently, we can exclude the electron
cyclotron maser as a generation mechanism of the fine
spectral structure (e.g., Fleishman and Melnikov, 1998).
With plasma density of 1011 cm�3, the reception frequency
(about 6 GHz) is close to the plasma frequency harmonic.
For the fundamental frequency, plasma density in the
source should be four times higher, which not only is less
compatible with X-ray measurements, but results in



N.S. Meshalkina et al. / Advances in Space Research 41 (2008) 936–942 941
additional difficulties for the emission escaping from the
source and explanation of low emission polarization. The
most essential is fast emission absorption at the fundamen-
tal frequency in the plasma surrounding the source. With
T = 10 MK and H = 1000 km, the optical depth is s � 5
for the fundamental emission and s � 0.12 for the
second-harmonic emission. Thus, subsecond impulsive
emission near the Langmuir frequency is suppressed
(Bruggmann et al., 1990).

The instability responsible for the plasma wave amplifi-
cation can be either a beam-like or loss cone instability. It
is obvious that the observed spectral width consists of
natural bandwidth (appearing in homogeneous source)
and contribution of inhomogeneity of the real source.

For type III bursts beam-plasma instability is usually
considered. For beam plasma instability our estimations
showed that the minimal spectral bandwidthDf/fmean = 3.1%.
The ‘‘natural’’ bandwidth is determined as

Df
f
¼ T 0

T b

Dtb

tb

; ð1Þ

where T0 = 106–107 K is plasma temperature, Tb is beam
temperature, tb is beam velocity. In that case if
Tb � 3 · 108 K (30 keV) and Dtb/tb @ 0.33 Df/fmean � 1.1%,
i.e. observed minimal spectral bandwidth is more than
‘‘natural’’.

Plasma oscillation excitation is due to non-thermal elec-
trons with the nonequilibrium distribution function
appearing in the source. The burst drift with frequency
can be described as follows (Altyntsev et al., 2007):

df
dt
¼ xpe

pn
on
ot
þ on

ol
v

� �
� 6GHz

V
D
þ vb

L

� �
: ð2Þ

The first term in parentheses governs the density change in
time because of magnetohydrodynamic processes, the sec-
ond term describing the displacement of emitting electron
population along the plasma density gradient at velocity
v. Here, V is the typical velocity of MHD motions resulting
in plasma density increase in the source of size D across the
magnetic field, vb is the velocity of emitting electron motion
along the density gradient, L is the typical scale of density
change along the magnetic field. Eq. (2) accounts for the
emission recorded at the doubled plasma frequency. With
observable mean values df

dt , the expression in parentheses
should be about 1 Hz.

Drift rate is usually interpreted without considering the
first term. In that case the Langmuir turbulence is assumed
to be excited by an accelerated electron beam along the
magnetic field with electron beam distribution over longitu-
dinal velocity component. Here the frequency drift rate is
determined by the upper estimate of the total spectrum
width of the drifting burst or by the path length of emitting
electrons. Using the mean observable values df

dt � 7 GHz=s
and Df = 1.5 GHz, we can estimate the total path length of
emitting electrons kcm � 0.5L. If the path length is deter-
mined by Coulomb collisions kcm ¼ 3:1 � 10�20ðv4

b=nÞ, then
from the condition vb

L � 1 Hz we obtain an estimate for
the emitting electron velocity vb P 1010 cm/s, correspond-
ing to the energy of about 30 keV. This velocity value is
close to estimates obtained when analyzing the observa-
tions in the decimetric range; and if the pulse duration is
about 0.1 s, we estimate the plasma inhomogeneity scale
within L = 20,000–60,000 km.

The upper estimate of the longitudinal size of the emis-
sion region Dx can be obtained using the instantaneous
spectral width. If the instantaneous spectral width is deter-
mined by the background plasma density on the beam
length, we can write df

f � Dx
2L. As follows from the depen-

dence in Fig. 6, we have a minimum value df
f ¼ 0:03, and

thus Dx = (1.2–3.6) · 103 km. On the other hand, we have
df ¼ dt � of

ot , where duration at an isolated frequency can
be estimated as dt ¼ Dx

vb
. We observe Df/fmean of up to

40% in some cases. Thus, the instantaneous spectral width
should increase with increasing absolute frequency drift
rate, and the value scattering may be associated with the
scattering of longitudinal sizes of the acceleration region
and emitting electron velocity.

It should be noted that we have previously analyzed the
event of 30 March, 2001 (Altyntsev et al., 2007). Its distinc-
tive peculiarity was the registration of subsecond pulse
sources simultaneously on frequencies about 5.78 and
5.69 GHz (SSRT), which allowed us to make independent
estimations of both the plasma density gradient along the
source motion and exciter velocities. The measured drift
rates were widespread around a nearly constant value of
about 6 GHz/s. Electrons with a large velocity component
across the loop (large pitch angles) had small displacements
along the loop. The excess of large pitch angles implies that
the electrons emitting subsecond drifting bursts are acceler-
ated across the magnetic field, and Langmuir waves are
excited by a loss cone driven instability. If so, then the
observed drift rate of about 6 GHz/s cannot be attributed
to the motion of beams along the density gradient, but
should be considered as a response to a density increase
in a site where the subsecond emission is generated. We
have interpreted the observed distribution of the drift rates
in terms of dynamic density increase in a region where the
impulsive emission is generated.

Minimum spectral bandwidth for loss cone instability
can be determined as:

Df
f

� �
min

ffi 1

2

t2
b

c2

Dlc

lc

: ð3Þ

Simulation showed that the minimum spectral bandwidth
of the emission mechanism Df/f = 0.01 or 1% for reason-
able parameters: accelerated particle energy Eb = 30 keV
(tb/c @ 0.33), loss cone boundary lc = 30�, loss cone
boundary width Dlc = 15�, plasma and magnetic field
inhomogeneity scales 20,000 km (Kuznetsov, 2006).

Let us note that the dependences found by us (Table 1)
are similar for all events except the event of 30 March, 2001
(74 bursts) and separately for 30 March, 2001 (64 bursts),
indicating that spectral data alone cannot serve to
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determine what type of instability (beam or loss cone) takes
place in each particular case.

4. Conclusion

We have estimated the instantaneous spectral band-
width of SSPs and studied the relationship between the
bandwidth and position of the sources on the Sun and
other emission parameters.

The drift rates scatter symmetrically around the mean
drift value of about 7 GHz/s. The majority of bursts
(72%) have drift rates 3–13 GHz/s.

The value of the instantaneous width of bursts is mini-
mal with small frequency drift rates – under 3%. With
increasing drift rate its magnitudes and scattering of values
increase.

Several factors such as effects of source inhomogeneity
and plasma density inhomogeneity along the propagation
path of electron beam; longitudinal sizes of the acceleration
region and emitting electron velocity, anisotropy of emis-
sion can influence the observed instantaneous spectral
bandwidth.
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