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Abstract. We present a remarkable fine structure of “decimet-
ric pulsation” event (DCIM), observed with the 2.60–3.80 GHz
spectrometer in Beijing Astronomical Observatory on 3 May
1999; a “M” dynamic spectrum has been detected, thanks to
the high time and frequency resolutions. We call this fine struc-
ture a microwave M burst and propose a plausible model which
treats the observed M burst as an emission produced by the same
electron beam travelling along magnetic lines and mirrored; this
beam might be originally formed from the plasmoid of a type
IV-DCIM burst. The M burst could be another radio evidence
of the mirror effect on electron beam after the N-burst. It is the
first time that such a feature has been detected in type IV-DCIM
bursts.

Key words: Sun: activity – Sun: radio radiation

1. Introduction

Solar type III bursts are probably better studied and eluci-
dated than other forms of radio emission in all of astrophysics.
They are attributed to electron beams propagating out through
the corona along magnetic field lines at a speed of about c/3
(Wild 1950); on its passage the beam sets up Langmuir waves
(plasma oscillations) which then are converted into electromag-
netic waves near the local plasma frequency. Other theory of
type III bursts, however, has also been proposed very recently
(Wu et al. 2000). On the dynamic spectrum, ordinary type III
bursts observationally appear as an emission rapidly drifting to-
ward lower frequencies (higher altitudes). In some cases, bursts
start just like ordinary type III bursts, but their frequency drift
rates gradually change from negative through zero to positive; if
the emission stops here, the bursts are called inverted-U bursts
(simple U bursts) because of their appearance in the dynamic
spectrum (sometimes they are called J-burst due to a shorter
descending branch). Certain observations made before revealed
a third ascending branch following the type U-event, which is
called “N-burst” (Caroubalos et al. 1987; Hillaris et al. 1988). It
is possible, however, that a fourth descending branch following
the type N-event, thus suggesting the capital letter M in the dy-
namic spectrum. We call the bursts “M-burst” . A microwave M
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burst, which is a fine structure of type IV-DCIM bursts detected
on May 3 1999 by Beijing Asronomical Observatory (BAO)
spectrometer over the band 2.6-3.8 GHz is studied in this paper.

Observational and theoretical aspects of type IV bursts have
been less studied than those of type III bursts, but type IV bursts
are better known around meter wavelength than above 1 GHz.
Boischot (1957) was the first to identify that type IV burst was
meter-wavelength continuum emitted by a solar flare or by an
eruptive prominence. Weiss (1963) used the name “moving type
IV” (IVM) to distinguish it from the stationary component of
type IV bursts. The type IV burst is also called “decimetric
pulsation” (DCIM) in the decimetric and microwave bands, be-
cause DCIM is characterized by long duration (tens of minutes),
broad bandwidth (more than 2.0 GHz as present event), no ob-
vious frequency drift and association with or following a solar
flare. Wiehl et al. (1985) reported a comprehensive study on a
number of DCIM bursts and classified them into 4 main sub-
types: short and long lasting bursts, narrowband and wideband
bursts.

We will put the emphasis on the fine structure, of a kind that
has never been recorded before in such high frequency range,
around 3.0 GHz. In Sect. 2, we will describe the instrument and
give an overview of the event on May 3 1999. In Sect. 3, we
will analyse the properties of the fine structure and the event. In
Sect. 4, we will discuss a plausible model of this fine structure
and draw a conclusion in Sect. 5.

2. Observation

For a detailed study of the fine structures in the high-frequency
part of decimetric and microwave bursts, new spectral observa-
tions (intensity and polarization) with high resolution in time
and in frequency over a wide frequency range are needed. For
this purpose, a broad band radio spectrometer is being devel-
oped by the solar radio astronomical community of China (Fu
et al. 1995). It consists of 5 separate spectrometers covering
the respective frequency range: 0.70-1.40 GHz, 1.00-2.00 GHz,
2.60-3.80 GHz, 4.00-5.20 GHz and 5.20-7.60 GHz. The 2.60-
3.80 GHz component spectrometer started working in October
1996 at BAO. It has 120 frequency channels of 10 MHz band-
width each, a time resolution of 8ms, high sensitivity and high
accuracy measurement of circular polarization (Ji et al. 2000).
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Fig. 1. An overview of DCIM on May 3 1999 observed by BAO, top to bottom: a single frequency time profile, left- and right-handed dynamic
spectra respectively. (the period between two triangle markers is given in the top panel in Fig. 2).

An overview of type IV-DCIM on May 3 1999 is given in
Fig. 1, including a single frequency time profile, left- and right-
handed circular dynamic spectra respectively. Fig. 2 shows a
fine structure, which has a ‘M’ appearance.

This type IV-DCIM event lasted from 05:42 UT to about
06:49 UT. According to Solar-Geophysical Data (SGD), it was

also recorded by the spectrometer over the range of 800–2000
MHz from 05:42 UT to 06:41 UT in Ondrejov Observatory.
Moreover, a type 48C burst was detected by LEAR and SVTO
at fixed frequency 2695 MHz and 4995 MHz, etc. On the other
hand, a M4.4/2N flare was recorded by GOES and LEAR in the
active region NOAA 8525 located at N15E32. This flare lasted
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Fig. 2. Dynamic spectra of the M
burst, which is a fine structure of
DCIM; top and second panel: data
integrated into 200ms; third and bot-
tom: data recoded with a resolution
of 8ms.



796 Z. Ning et al.: Microwave M burst on May 3 1999

Fig. 3. Simplified dynamic spectrum of M-burst; the numbers on each
branch represent the average magnitudes of drift rates.

from 05:36 UT to 06:32 UT in GOES X-ray at 1-8̊A(or from
05:34 UT to 07:45 UT in Hα), reaching its maximum around
06:02 UT (or 05:51 UT in Hα). In addition, there were some
sudden ionospheric disturbances between 05:43 UT and 06:01
UT (maximum at 05:50 UT).

3. Data analysis

3.1. Bandwidth and duration

As mentioned above, this type IV-DCIM was also recorded over
the range of 800–2000 MHz, which means that it had a band-
width of more than 2.0 GHz, since it was beyond 3.80 GHz high
frequency limit of the BAO spectrometer. It lasted for more than
one hour (67 minutes), and had a long decay phase (about 60
minutes); near the intensity peak (around 05:48:12 UT) a pe-
culiar fine structure was detected. This fine structure with a
negative picture (Fig. 2 bottom panel) had a bandwidth about
430 MHz between 2.74 GHz and 3.17 GHz, and a total duration
over 1.3 seconds.

3.2. Frequency drift and polarization

Fig. 3 shows the average drifting rates of the four branches. The
branches of the first U have bigger rates than those of the second
one. In addition, as given in Fig. 1, the type IV-DCIM and the
fine structure were almost unpolarized all time.

4. Discussion

4.1. Evolution of the fine structure

Simple U bursts are generally interpreted as being produced
by electron streams travelling once along the closed magnetic
lines from the first foot to the second foot; in the event the tube
is pinched at the second foot, the electrons with not too small
a pitch angle are mirrored near the second foot. The electrons
might then generate a second U emission on their way from
the second foot back to the first; the combination of the first and
second U burst creates a M burst. We interpret this fine structure
as a microwave M burst.

Fig. 4. A possible arch model for the flare on May 3 1999; the shaded
zone represents the radio source (a plasmoid) of the type IV-DCIM,
from which an electron beam is formed during the burst; the dashed
areas are the two magnetic mirrors near the feet of the arch.

As shown in Fig. 4, an asymmetrical magnetic arch (the two
mirrors are not located at a same plasma level) is expected in this
flare; a plasmoid trapped near the top of magnetic arch moves
together with this expanding arch. It is the radio source of type
IV-DCIM: the plasmoid sets up Langmuir oscillations on its
passage, which then are converted into electromagnetic waves
at the local plasma frequency. Meanwhile, the electrons in the
plasmoid are also propagating along the field lines in both di-
rections. A electron beam could be formed from the plasmoid
during the burst and then move along magnetic lines and mir-
rored by the second pinched tube (the higher mirror) near the
top of arch. At the same time, the plasmoid is just propagat-
ing through the same plasma layer, emitting the type IV-DCIM
bursts, while the beam emission is the microwave M burst which
in Fig. 2 overlaps on the continuum (DCIM).

Therefore, the M burst is another radio evidence for a mag-
netic mirror effect on beam of electrons in the solar corona after
the N-burst (Caroubalos et al. 1987; Hillaris et al. 1988). As in
case of simple U emission, the M burst is a new sub-class of
type III bursts because it is produced by a same electron beam;
however, it is a fine structure detected in type IV-DCIM bursts.

4.2. Mirror evidence

We interpreted the four consecutive branches, which are num-
bered 1 (first branch, descreasing frequencyf along time), 2
(second branch, increasingf ), 3 (third branch, descreasingf )
and 4 (fourth branch, increasingf ), as an emission produced by
a same electron beam, so we have to prove it and rule out any
possible coincidence whereby a U-burst could have been fol-
lowed by another, unrelated U-burst. If the four branches of fine
structure are emitted by a same electron beam, we expect that
the duration of the time profile at fixed frequency to increase
regularly along each of the four branches and continuously from
one to next. This is because of the dispersion∆v of the beam
velocity. As a matter of fact, it is difficult to measure the duration
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Fig. 5. Measurements of the duration (D) along the branches 1 (∆)
and 4 (∗); the slopes of the regression line are all positive, dD/dt>0.

because a continuum, which results from the velocity dis-
persion of electron beam 1 and 2, is encountered between the
branches 2 and 3. However, we measured the durations at fixed
frequency of branches 1 and 4, as given in Fig. 5. The dura-
tion of time profiles increases regularly along branches 1 and 4
and also increases from branch 1 and 4 (dD(t)/dt> 0); despite
the absence of 2 and 3 branches, this fact is enough to support
the conclusion that these branches all are produced by a same
electron beam.

The intensity at given frequency of branch 4 decreases with
increasing frequencies, and finally fades away into the DCIM.
This is because the Coulomb collisions with the ambient plasma
are stronger at the lower altitudes than at higher altitudes; and it
is also because, due to these collisions, the electrons of the beam
decelerate and change their distribution, finally part of them is
lost, so they cannot gradually propagate their emissions out at
the beginning of the branch 4 (the intensities decrease). The
branch 4 has a longer average duration than branch 1, which is
due to the velocity dispersion. The extent of the electron beam
increases with the elapsed time, because

Lbeam ' L′ + ∆v × ∆t

where∆v: speed dispersion of beam,∆t: elapsed time after
beam left the acceleration region, (when∆t = 0, Lbeam = L′,
L′ is the original length of electron beam). In addition, if the
magnetic mirror is not located high enough, the reflection pro-
cess cannot occur because the injected beam (branch 2) would be
absorbed due to the collisions along its way before it approaches
the mirror; if the second mirror were located at a lower altitude,
the electron beam 4 would have been damped by collisions be-
fore being reflected.

4.3. Magnetic arch

We have interpreted that this M burst is emitted by a same elec-
tron beam, which has to propagate through a relatively dense
medium (corresponding to the plasma frequency of 3 GHz). As
noted earlier, the beam can be quickly isotropized by Coulomb

collisions in this high density medium unless certain conditions
are met. The collision time is given by

τD = 3.1 × 10−20
(

v3

ne

)
(s)

wherene(cm−3) is the electron density andv (cm/s) is the beam
speed (Benz et al. 1992). The plasma frequency corresponds
closely to the observed frequency for plasma mechanism, from
which we deduce the electron density around the radio sources,
ne = 1.12 × 1011cm−3 at the plasma frequency of 3 GHz.
To achieve an average lifetimeτD=170 ms (which is average
duration of the branch 1 from Fig. 5) as required by the present
observation, we require a speed of beam roughlyv ' 0.28c (c is
the light speed in vacuum) corresponding to 1 branch. The beam
decelerates its speed from branch 1 to 4 due to the collisions,
ultimately the second U-emission has a longer duration of about
0.8s than the first one (about 0.5s). So we can also roughly
deduce the length of this arch

Larch = 0.28c × 0.5 = 1.4 × 109cm

where we have used the duration of the first U-burst and the
speed of the beam in branch 1.

In order for the coronal plasma to be magnetically confined,
the plasma parameterβ, which expresses the ratio of thermal to
magnetic pressures, has to be less than 1,

β = 3.47 × 10−15neT/B2 < 1

we find that in order to confine the plasma contained in the
coronal arch the magnetic field has to exceed 20 Gauss if we
assume the temperatureT = 106K.

5. Conclusion

Type IV solar radio bursts exhibit a wealth of well documented
fine structures between 100 MHz and 1 GHz. The BAO radio
spectrograph aims at carrying observations with high time and
frequency resolutions at the higher frequencies where fine struc-
tures are still poorly known. In this paper we have described an
observation by this instrument of a type IV-DCIM burst lasting
more than one hour, between 3 and 4 GHz.

This event exhibits a remarkable fine structure which has a
M appearance in dynamic spectra, we call it M-burst after we
interpret it as an emission produced by a same electron beam,
which is originally formed from the plasmoid–the source of this
type IV-DCIM, moving along closed magnetic arch lines and
mirrored. So the M burst is a new sub-class of type III bursts,
however it is a fine structure of a type IV-DCIM burst.

In 1959, within a year of Boischot’s classification of type
IV bursts on the basis of their long durations, wide spectra and
moving sources, Wild et al. (1959) classified type V bursts on
the basis of their wide spectra, moderately long durations and
association with type III bursts. On dynamic spectrograms they
appear as diffuse continua following certain type III bursts or
bursts groups. Since type V bursts are characterised by con-
tinuum emissions sometimes following type III bursts; Weiss
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& Stewart (1965) suggested that type V bursts could be inter-
preted by several consecutive reflections on magnetic mirrors
near the footpoints of magnetic arches. Hence it is natural that
such a structure as a M emission would have been detected in
a type V burst. Hovever, as mentioned above, this M burst is a
fine structure of a type IV-DCIM burst. The type IV bursts are
generally thought to be different from type V bursts in meter
wavelengths. A major question that has to be clarified in the
future is whether the type IV and type V bursts have some sim-
ilar aspects. It would be important and interesting if this kind of
structure is also detected in a type V burst.
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