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ABSTRACT

Aims. Decameter radio observations of the solar corona reveal the presence of numerous faint frequency drifting emissions, similar
to “solar S bursts” which are reported in the literature. We present a statistical analysis of the characteristics of these emissions and
propose a mechanism to excite the Langmuir waves thought to be at the origin of these emissions.
Methods. The observations were performed between 1998 and 2002 with the Digital Spectro Polarimeter (DSP) receivers operated
at the UTR-2 and Nançay decameter radio telescopes in the frequency range 15–30 MHz. Our theoretical explanation is based on
Vlasov-Ampère simulations.
Results. Based on the frequency drift rate, three populations of structures can be identified. The largest population presents an average
negative frequency drift of −0.9 MHz s−1 and a lifetime up to 11 s (median value of 2.72 s). A second population shows a very small
frequency drift of −0.1 MHz s−1 and a short lifetime of about 1 s. The third population presents an average positive frequency drift of
+0.95 MHz s−1 and a lifetime of up to 3 s. Also, the frequency drift as a function of frequency is consistent with the former results,
which present results in higher frequency range.
No specific relationship was found between the occurrence of these emissions and the solar cycle or presence of flares.
Assuming that these emissions are produced by “electron clouds” propagating the solar corona, we deduce electron velocities of about
3–5 times the electron thermal velocity. As previously shown, a localized, time-dependent modulation of the electron distribution
function (heating) leads to low velocity electron clouds (consistent with observations), which, in turn, can generate Langmuir waves
and electromagnetic signals by nonlinear processes.
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1. Introduction

Decameter radio observations of the solar corona reveal the
presence of numerous types of emission among which the well
studied type I, II, III, and IV bursts and storms. These intense
emissions spread over a wide range of frequencies and usually
exhibit fine structures (see Goldman 1983, for a review of
type III emission; and Dulk 1985, for a general review of solar
radio emission). Chains of stria of type III like bursts, named
type IIIb (Ellis & McCulloch 1967; de La Noe & Boischot
1972) are frequently observed and appear to be precursors of
type III emission. Emissions of short duration and limited fre-
quency extent are also detected as isolated drift pairs (Roberts
1958; Warwick & Dulk 1969; de La Noe & Moller Pedersen
1971; Melnik et al. 2005), consisting of fundamental and har-
monic radio emission, usually related to the presence of type III
bursts.

High spectral and temporal resolution observations have re-
vealed that the decameter range is also rich in faint intensity
types of emission (Barrow et al. 1994). These structures can pro-
vide some indications of the physical processes taking place on
small spatial scales. Single drift bursts of the same characteris-
tics (occurrence, frequency drift) as the drift pairs were reported
(de La Noe & Moller Pedersen 1971). Their emission is inter-
preted as the fundamental of the drift pairs. However, the iso-
lated emission we are interested in is not related to the presence

of drift pairs. The emission we study has characteristics similar
to those of the “Fast Drift Bursts” (Ellis 1969), which were later
referred as solar “S bursts” by McConnell (1980). A detailed
analysis of these types of emission was presented by McConnell
(1982) in the frequency range 40–80 MHz. Since then, this emis-
sion deserved little attention due to the difficulties in its observa-
tion.

The type II and III emission are explained in terms of elec-
tron beams propagating the interplanetary medium (Ginzburg &
Zhelezniakov 1958). As they propagate, the electron beams ex-
cite electrostatic Langmuir waves, which couple each other to
generate to electromagnetic waves at the fundamental of the lo-
cal plasma frequency1. The drift in frequency with time is a con-
sequence of the decrease in density (and the plasma frequency)
with distance from the Sun. The electron acceleration mech-
anism differs however for type II and type III emissions. For
type II emission, electrons are accelerated by shock propagating
at thousands of km/s ahead of a Coronal Mass Ejection (CME).
For type III emission, acceleration of electron beams is thought
to be related to magnetic reconnection and energy release dur-
ing flares. Both types of emission involve high velocity electron

1 If this basic mechanism remains valid, a process should be proposed
to limit the wave growth and retain the electron beams over long dis-
tances. This question is however outside the scope of this paper.
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Table 1. Observation characteristics and instrumental configuration.
First column: observing date; second column: radiotelescope used (“N”
for Nançay and “K” for Kharkov) with the time resolution in paren-
thesis (in seconds); third column: start time of the observing run (in
Universal Time); fourth colum: end time of the run (in UT); fifth col-
umn: frequency range of the observations; sixth column: number of
drifting structures identified.

Date Instr. Start time End time Frequency Structures
(s) UT UT MHz #

May 2, 1998 N(0.05) 13:28:10 13:44:18 33–46 0
June 6, 1999 K(0.05) 08:33:50 08:59:54 15–28 0

June 26, 1999 K(0.20) 10:14:34 10:22:58 11–24 258
K(0.10) 11:27:20 12:00:40 11–24

June 27, 1999 K(0.10) 08:55:30 11:43:20 11–24 415
June 28, 1999 K(0.10) 09:04:20 10:08:20 11–24 9
July 1, 1999 K(0.02) 09:16:23 09:58:40 11–24 45
July 2, 1999 K(0.02) 09:51:52 10:08:45 11–24 53
July 3, 1999 K(0.02) 10:05:52 10:12:59 11–24 16
Aug. 3, 1999 N(0.10) 09:49:58 12:29:14 18–30 1(?)
Feb. 27, 2000 N(0.10) 09:17:02 11:49:40 33–46 0
July 12, 2002 K(0.05) 07:04:15 10:41:09 18–29 51
July 13, 2002 K(0.05) 06:23:37 11:16:52 18–29 808

beams (0.2 c to 0.6 c) and their occurrence is strongly correlated
with solar activity (and therefore the solar cycle).

This paper presents a statistical analysis of faint, isolated,
drifting solar emission in the range 15–30 MHz, extending the
work of McConnell (1982) to the low frequencies of the decame-
ter domain. Our set of observations covers an extended period of
time around the last solar maximum (1998–2002). In Sect. 2,
we present the instruments and data selection procedure used
for the analysis. The results of the statistical analysis are de-
scribed in Sect. 3. The characteristics of the emission suggest
that electron beams propagating outwards (and inwards) through
the solar corona could be the origin of the emission. The physi-
cal properties of these beams are determined in Sect. 4. Finally,
Sect. 5 discusses the results and proposes a physical mechanism
to explain the generation of Langmuir waves from low velocity
electron beams.

2. Observations and selection procedure

2.1. Observations

The observations were performed at the UTR-2 Kharkov de-
cameter array in Ukraine (Braude et al. 1978) and the Nançay
decameter array in France (Boischot et al. 1980). The two ra-
dio telescopes were equipped with a Digital Spectro Polarimeter
(DSP, Lecacheux et al. 1998) allow us to analyze the spectral
range 15–33 MHz within 1024 channels. The main characteris-
tic of the DSP is a temporal resolution of 50 milliseconds per
spectrum. Combined with a dynamic range of 70 dB, the DSP
is well adapted to observe the very faint and short structures of
the solar corona. Polarization measurements are available from
the Nançay array but this information is not used in the present
study (because no faint structures was detected).

Several long series of observations are analyzed in the
present work. Table 1 summarizes the characteristics of each ob-
serving run. They are distributed about the last solar maximum
(between May 1998 and July 2002).

2.2. Structures selection

The analysis is based on time-frequency images (dynamic spec-
tra). Each image covers a range of 50 s in time and 11 MHz in
frequency. Figure 1 shows an example of these images.

Fig. 1. Example of dynamic spectra from UTR-2 from the time series
of July, 13 2002. Examples of the drifting structures studied here are
indicated by arrows.

Due to the variety of their shapes (length, time profile, slope)
and their low intensity level, each structure had to be identified
by manual selection of several points along the crest line. The
following selection criteria were used:

– continuity in time and frequency;
– start and end points clearly identified (the drifting structures

starting or ending inside a strong emission were rejected);
– low intensity level.

This selection procedure introduces some biases. First, the start-
ing and ending point locations depend strongly on the contrast
in images. If the intensity is too low, these points may be undis-
tinguishable from the background. Also, some structures start or
end too close to parasitic emissions. These two errors lead to
an underestimation of the actual time duration of the emission,
which is difficult to quantify. Another error comes from the man-
ual selection along the structure estimated to be 0.5 s in time and
0.1 MHz in frequency. To reduce the impact of these uncertain-
ties on the frequency drift computation, each structure is fitted by
a straight line. The result of the fitting determines the frequency
drift.

Another bias in the selection procedure is the difficulty in
distinguishing between one long structure with intensity varia-
tions and two distinct structures. This implies that there is an
underestimation in the length of some structures. The number of
such cases is however limited and in cases of doubt the emission
was rejected.

Finally, emission with a positive drift was usually more dif-
ficult to identify due to its low intensity, leading to an underesti-
mation of its population.

In spite of these limitations, some significant characteristics
of the emission can be obtained (see below). When present, drift
pairs were included in the statistics. As we see, their character-
istics are similar to the faint structures that we are interested in.

The frequency associated with each structure is the starting
point frequency, which provides information about the altitude
of emission in the solar corona. The length in time and frequency
is determined from the selected ending points.

Table 1 indicates the total number of structures identified in
each observing run. In the following, the characteristics (time
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Fig. 2. Histogram of the time duration for the entire set of drifting struc-
tures. The vertical dashed line indicates the median value. The inset
shows the same histogram, distinguishing between the observations of
1999 and 2002 (normalized to the total number of emissions).

Fig. 3. Histogram of the frequency extent of drifting structures. The ver-
tical dashed line indicates the median value. The inset shows the same
histogram, but with the observations of 1999 and 2002 being displayed
separately.

duration, frequency length, frequency drift) are deduced from a
statistical analysis of the 1655 identified structures.

3. Characteristics of the emission

The histogram of the time duration of each emission is presented
in Fig. 2. The median value is 1.75 s.

The histogram of the frequency extent is shown in Fig. 3.
The median value is 1.4 MHz.

The emission is shorter in time and more narrow-banded than
either type II to IV emission, but comparable to both drift pairs
and S bursts, which justifies the inclusion of these last two types
of emission in our study.

The histogram of frequency drifts (Fig. 4) reveals three dis-
tinct populations: the largest population (Population 1: 63% of
the sample) has a median value of −0.9 MHz s−1; a second
one (Population 2: 12% of the sample) has a median value of
−0.10 MHz s−1; and a third (Population 3: 23% of the sample)
has a median value of +1.1 MHz s−1. The remaining 2% consists

Fig. 4. Histogram of the frequency drift rate expressed as a percentage
of the total number of structures. The median value of each population
is indicated by the vertical lines. For sake of clarity, only structures
between ±2 MHz s−1 are displayed.

Fig. 5. Frequency extent as a function of the time duration of the struc-
tures. The three populations discussed in the text (see also Fig. 4) are
distinguished by different symbols.

of structures with velocities scattered above +2 MHz s−1. The
presence of structures with reverse drift (towards higher frequen-
cies) was also mentioned (for example by Ellis 1969; McConnell
1982) but not studied in detail, probably due to the lack of high
sensitivity instruments. Also, the sporadic nature of this emis-
sion make it difficult to detect. The relationship between the fre-
quency extent and the duration is shown in Fig. 5. A first group
(crosses and triangles on the graph) presents a linear variation
with a slope of 0.76 MHz s−1, while a second group (diamond
on the graph) shows a slope of 0.03 MHz s−1. This latter repre-
sents only 9% of the entire sample.

The three populations discussed previously (and shown in
Fig. 4) are separated well in Fig. 5: population 2 (small nega-
tive drift) corresponds to the almost horizontal structures, while
populations 1 and 3 have the same steeper slope. Population 3
consists of structures with the shortest extent (both in time and
frequency).

Frequency drifts are plotted as a function of frequency in
Fig. 6 (left). We first note that the emission appears at all stud-
ied frequencies. Drift distributions within populations 1 and
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Fig. 6. Drift rate as a function of the frequency. Left: from our observation. Linear fits are indicated for populations 1 and 2. Right: from Table II
of McConnell (1982). The straight line is the extent of the fit deduced from our data, the dashed line correspond to the fit of McConnell paper.

Table 2. Summary of the solar activity during the observing runs (in bold, flare starting after the end of our run). First column: observing
date; second column: number of structures selected from the full observing run; third column: time (UT) of the maximum of Hα Flares with in
parenthesis the duration (in minutes); fourth column: time of maximum (in UT) of X-ray Flares followed by the class and duration (in minutes);
fifth: time of occurrence of type III radio emission. “NA” means “Not available” information while dashes mean “no activity” in the corresponding
emission. Sources for flares: Solar Geophysical Data; source for the radio emission: our observations.

Date Structures Hα flare X-rays flares type III
# Time (duration) Time (Class; duration) Time

May 2, 1998 0 13:28(20) 13:31 (X1.1; 20) 13:38
June 6, 1999 0 08:55(3) – 08:51

June 26, 1999 258 – 11:39(C3.1;NA) 11:49
June 27, 1999 415 09:07(60) – 11:34
June 28, 1999 9 09:21(8), 09:21(7) – 09:06, 09:08, 09:16

09:19, 09:57, 10:07
July 1, 1999 45 – – 09:23
July 2, 1999 53 10:15(20) – –
July 3, 1999 16 – – –

August 3, 1999 1(?) 09:47(8), 10:32(10) 09:53, 10:09, 10:30, 10:42
– 11:40 (C4.6; 14), 12:25 (C3.1; 8) 11:20, 12:16, 12:24

Feb. 27, 2000 0 – – 09:59
July 12, 2002 51 08:51(14) 06:59(C1.7; 28), 08:56(C1.6; 12), 10:35 (B8.4; 6) 08:00, 10:17
July 13, 2002 808 07:35(19), 07:53(4) 07:53(C1.6; 5), 08:15 (C2.2; 6) 06:29, 07:31

08:15(9) 09:11, 09:13, 09:30

2 themselves drift at −0.07 MHz s−1/MHz for population 1 and
−5 × 10−3 MHz s−1/MHz for population 2. The positive values
do not exhibit any distinctive trend. The measurements presented
by de La Noe & Moller Pedersen (1971, see their Fig. 2) agree
with our own set of data, at least in the range of frequencies
studied here. It seems, however, that their slope at negative val-
ues is larger (but their set of observation is limited). Figure 6
(right) shows the drift rate as a function of time from McConnell
(1982), who explored the complementary domain 30−82 MHz.
The fit of the current study is extrapolated towards the higher
frequencies and superimposed on the fit proposed by McConnel
(d f /dt = −a f b with a = 6.5 × 10−3 and b = 1.60). The re-
sults of the two studies are consistent except for the last point at
80 MHz where a strong decrease in the drift rate appears that is
not evident in our set of data.

3.1. Link with solar cycle and solar activity

Drift pairs appear to be precursors of type III bursts, which
means that their occurrence is related to solar activity. It is
therefore interesting to test if the isolated, faint emission, which

shares common characteristics with drift pairs, is dependent on
any kind of activity or solar cycle.

In Figs. 2 and 3, the duration and frequency extent of the
emission is distinguished for the two years 1999 and 2002.
A slight tendency towards longer duration is present in 2002.
However, no difference in drift rate is apparent in Fig. 6. The
coverage of the last solar maximum is too incomplete to be con-
clusive about the dependence on solar cycle. More investigation
is required to draw any conclusion.

The relationship between emission occurrence and solar ac-
tivity is analyzed in Table 2 which presents a summary of the
solar activity recorded during each observing run. Flares in Hα,
X-rays, and type III allow us to appreciate the activity in the
chromosphere, the corona and the propagation of electron beams
in the interplanetary medium. Of course, decameter radio emis-
sion are characteristics of the high altitude corona (see Sect. 4)
but activity in the lower atmosphere of the Sun can generate in-
stabilities that propagate into the higher solar layers and produce
radio emission.

The strong X-ray flare of May 2, 1998 or the more moder-
ate ones of August 3, 1999 apparently did not produce any faint
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structure. However, only the Nançay instrument was observing
at that time and it did not detect any structure, which may sim-
ply be due to a too high sensitivity threshold. On July 2 and 3,
1999, 69 structures were detected while no specific solar activ-
ity was present during the observing run. On July 12, 2002, 51
structures were detected while the activity was quite significant
(3 X-ray flares, 1 Hα flare and 2 type III), while on the next day,
808 structures were observed while the solar activity was lim-
ited to the beginning of the observation run. It therefore appears
that the faint, isolated, drifting emission is not related to any spe-
cific solar activity. However, our set of observations is limited.
In particular, the data set for 2002 consists of only two days of
observations.

4. Interpretation

Due to their similarity with other decameter radio bursts
(type III, drift pairs), we assume that this type of radio emis-
sion is the signature of electron beams propagating in the solar
corona. Assuming that the observed emission is at the fundamen-
tal of the plasma frequency and given an electron density model,
the beam velocity can be deduced from the observations.

The plasma frequency fp is given by:

fp = A
√

n(r) (1)

with A � 9 for frequencies in kHz and density (as a function of
the distance r to the sun) n(r) in cm−3. The frequency drift can
thus be written:

d f
dt
=

d f
dn

dn
dr

dr
dt

(2)

which leads to the following expression, assuming a constant
velocity V of the beam:

d f
dt
=

A · V
2
√

n(r)

dn
dr
· (3)

The velocity V can be derived from an a priori known density
model. Since the corona is highly structured, no unique density
model can describe it. Among the many existing models that can
be found in the literature, we have chosen to use three: the model
of Leblanc et al. (1998) of the solar corona and interplanetary
medium (deduced from coronographic observations and type III
radio bursts), the model of Newkirk (1961) of solar quiet corona,
and the model of Doyle et al. (1999) of a solar coronal hole.
Alvarez & Haddock (1973) also derived electron densities from
type III bursts, but their model is applicable mainly to large dis-
tances from the Sun. Mann et al. (1999) also proposed another
density model which agrees to within 15% with the model of
Newkirk in the range of altitude we are interested in. The den-
sity stratification corresponding to each model is shown in Fig. 7.
The altitude range in the solar atmosphere covered by the fre-
quency range of our observations (indicated by the horizontal
grey lines) spans between 1.3 and 2.2 solar radii from solar mass
center.

The three selected models provide similar results. Figure 8
displays the beam velocity as a function of the distance to the
Sun, as obtained from the model of Leblanc et al. (1998).

We first check that the assumption allowing us to deduce
Eq. (3) (constant beam velocity) is reasonable. The three models
provide values below 0.1 c (0.1 c � 10×vte, vte being the thermal
velocity of the electrons at this range of altitudes). The median
velocity deduced from the models is given in Table 3 for each

Fig. 7. Density stratification expressed in term of plasma frequency for
the three models considered. The two grey horizontal lines delimitate
the range of frequencies covered by our observations.

Fig. 8. Velocity of the observed structures (expressed in term of velocity
of light) as a function of the distance to the Sun from the density model
of Leblanc et al. (1998).

Table 3. Median value of the beam velocity deduced from each density
model. Negative velocities are in the direction towards the Sun.

Model Newkirk Leblanc Doyle
V > 5 × 10−3 (c) +0.06 +0.04 +0.03

V ≈ 0 (c) +6 × 10−3 +4 × 10−3 +3 × 10−3

V < −5 × 10−3 (c) −0.07 −0.05 −0.09

population. Finally, we recall that in an atmosphere of 106 K,
the thermal velocity is about 0.01 c. This means that the beams
that we are considering travel at a few times the thermal velocity.

5. Discussion

The characteristics of the decameter emission that we have stud-
ied show that they are produced at all ranges of altitudes in the
solar corona corresponding to the range 18–30 MHz (from about
1 to 2 solar radii). Most emission presents a drift rate suggest-
ing a propagation of the source outwards from the Sun. The ex-
tent in frequency and time of these structures can be quite large
(up to 10 MHz and 11 s, respectively). Emission with positive
velocity drift also suggests a propagation of the source towards
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the Sun. However, in contrast to the previous group the extent in
time and frequency is limited, which could indicate absorption in
the denser layers of the solar atmosphere, close to the emission
point.

In all cases, the frequency drift rate is far lower than those
associated with type III radio bursts. If we admit that the same
mechanism holds for the direct and reverse drift emissions, the
electron beams generating the Langmuir waves at the origin
of the radio emission must have velocities far smaller than the
beams generating the type III emission. From standard coronal
density models, we deduce velocities of a few times the elec-
tron thermal velocity. The electron beams at the origin of the
type III radiobursts are thought to be generated by reconnection
processes. This mechanism produces velocities at least 10 times
higher than the velocity deduced from the present observations.
We propose instead a moderate, localized, time-dependent heat-
ing to be at the origin of the Langmuir waves. As discussed in
Briand et al. (2007), this mechanism yields electron clouds that
can propagate, following a ballistic trajectory, at velocities of a
few electron thermal velocity and generate Langmuir waves. If
this interpretation is correct, this faint emission would be the sig-
nature of local plasma heating events in the corona. Population 2
emission processes must be different, since bump-in-tail insta-
bilities (the basic instability that produces the Langmuir waves)
are inefficient for beams of too low velocity. Processes similar
to those implicated in the solar type IIIb are more likely to be at
the origin of the isolated almost non drifting structures.

Since the mechanism that we propose does not require strong
heating, the emission should correlated to neither solar activity
nor solar cycle as actually observed. The present study appears

to support this idea. However, more observations are required to
be conclusive on this point.
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