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Abstract. We present a remarkable fine structure of “decimeurst, which is a fine structure of type IV-DCIM bursts detected
ric pulsation” event (DCIM), observed with the 2.60-3.80 GHan May 3 1999 by Beijing Asronomical Observatory (BAO)
spectrometer in Beijing Astronomical Observatory on 3 Maspectrometer over the band 2.6-3.8 GHz is studied in this paper.
1999; a “M” dynamic spectrum has been detected, thanks to Observational and theoretical aspects of type IV bursts have
the high time and frequency resolutions. We call this fine strugeen less studied than those of type Il bursts, but type IV bursts
ture a microwave M burst and propose a plausible model whiake better known around meter wavelength than above 1 GHz.
treats the observed M burst as an emission produced by the s&woischot (1957) was the first to identify that type IV burst was
electron beam travelling along magnetic lines and mirrored; thigeter-wavelength continuum emitted by a solar flare or by an
beam might be originally formed from the plasmoid of a typeruptive prominence. Weiss (1963) used the name “moving type
IV-DCIM burst. The M burst could be another radio evidenc®/” (IVM) to distinguish it from the stationary component of

of the mirror effect on electron beam after the N-burst. It is thgpe IV bursts. The type IV burst is also called “decimetric
first time that such a feature has been detected in type IV-DClsation” (DCIM) in the decimetric and microwave bands, be-

bursts. cause DCIM is characterized by long duration (tens of minutes),
broad bandwidth (more than 2.0 GHz as present event), no ob-
Key words: Sun: activity — Sun: radio radiation 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-
1. Introduction types: short and long lasting bursts, narrowband and wideband
bursts.
Solar type Ill bursts are probably better studied and eluci- \ye will put the emphasis on the fine structure, of a kind that
dated than ot_her forms of radio emission in all of astrophysigsas never been recorded before in such high frequency range,
They are attributed to electron beams propagating out througldnd 3.0 GHz. In Sect. 2, we will describe the instrument and
thg corona along magnetic field lines at a speed of apout @ﬁe an overview of the event on May 3 1999. In Sect. 3, we
(Wild 1950); on its passage the beam sets up Langmuir wavygg analyse the properties of the fine structure and the event. In

(plasma oscillations) which then are converted into electromagisct. 4, we will discuss a plausible model of this fine structure
netic waves near the local plasma frequency. Other theory {4 draw a conclusion in Sect. 5.

type Il bursts, however, has also been proposed very recently
(Wu et al. 2000). On the dynamic spectrum, ordinary type llI
bursts observationally appear as an emission rapidly drifting &-Observation

ward lower frequencies (higher altitudes). In some cases, bursts : , : _—
start just like ordinary type Il bursts, but their frequency drif?Or a detailed study of the fine structures in the high-frequency

. ... _part of decimetric and microwave bursts, new spectral observa-
rates gradually change from negative through zero to positive;.| . . L o R
o . tions (intensity and polarization) with high resolution in time

the emission stops here, the bursts are called inverted-U bursts . .

) : . and in frequency over a wide frequency range are needed. For
(simple U bursts) because of their appearance in the dynamic ; . .

. thiS purpose, a broad band radio spectrometer is being devel-

spectrum (sometimes they are called J-burst due to a shorter

. . : oped by the solar radio astronomical community of China (Fu
descending branch). Certain observations made before reveale . :
: . ; - —etal. 1995). It consists of 5 separate spectrometers covering
a third ascending branch following the type U-event, which

called “N-burst” (Caroubalos et al. 1987; Hillaris et al. 1988). € respective frequency range: 0.70-1.40 GHz, 1.00-2.00 GHz,

is possible, however, that a fourth descending branch followd%'(so_g'80 GHz, 4.00-5.20 GHz and 5.20-7.60 GHz. The 2.60-

i L
the type N-event, thus suggesting the capital letter M in the B0 GHz component spectrometer started working in October

namic spectrum. We call the bursts “M-blirsé microwave M 996 at BAQ. I.t has 120 fr'equency chapnels of.1.0. MHz bapd—
width each, a time resolution of 8ms, high sensitivity and high

Send offprint requests t@ongjun Ning 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 also recorded by the spectrometer over the range of 800-2000
Fig. 1, including a single frequency time profile, left- and rightMHz from 05:42 UT to 06:41 UT in Ondrejov Observatory.
handed circular dynamic spectra respectively. Fig. 2 showdareover, a type 48C burst was detected by LEAR and SVTO
fine structure, which has a ‘M’ appearance. at fixed frequency 2695 MHz and 4995 MHz, etc. On the other

This type IV-DCIM event lasted from 05:42 UT to abouhand, a M4.4/2N flare was recorded by GOES and LEAR in the
06:49 UT. According to Solar-Geophysical Data (SGD), it weactive region NOAA 8525 located at N15E32. This flare lasted



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

Right polarization

2.90

o
Ny
o

Frequency(GHz)

o
&
o

3.80
05:45:40.882 05:47:02.482 05:48:24.282 05:49:45.882 05:51:07.682
Time(UT)

Right polarization ‘ ‘ ‘ ‘ .

2.90

W
Ny
o

Frequency(GHz)

3.50

3.80
05:47:50.882 05:48:01.482 05:48:12.082 05:48:22.682 05:48:33.282
Time(UT)

Right polarizatio

2'60 e ..ﬁ:l B T T S AL ' i e s o g g 0 OB 10 e

W
)
S

Frequency(GHz)

3.50 S

3.80 i :
05:48:10.162 05:48:11.450 05:48:12.746 05:48:14.042 05:48:15.338
Time(UT)

Right polarization

2.72 "

N

[04]

~
|

N

O

(o3}
|

Frequency(GHz)

[&N]

o

(o]
|

3.21 ‘ S S ‘ [

05:48:11.402 05:48:12.042 05:48:12.682 05:48:13.322 05:48:13.970
Time(UT)

795

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

S

Fig. 4. A possible arch model for the flare on May 3 1999; the shaded

. ) ) o zone represents the radio source (a plasmoid) of the type IV-DCIM,
from 05:36 UT to 06:32 UT in GOES X-ray at 1Aor from .5 which an electron beam is formed during the burst; the dashed

05:34 UT to 07:45 UT in H), reaching its maximum aroundareas are the two magnetic mirrors near the feet of the arch.
06:02 UT (or 05:51 UT in H). In addition, there were some

sudden ionospheric disturbances between 05:43 UT and 06:01 o ) )
UT (maximum at 05:50 UT). As shown in Fig. 4, an asymmetrical magnetic arch (the two

mirrors are notlocated at a same plasma level) is expected in this
) flare; a plasmoid trapped near the top of magnetic arch moves
3. Data analysis together with this expanding arch. It is the radio source of type
3.1. Bandwidth and duration IV-DCIM: the plasmoid sets up Langmuir oscillations on its
passage, which then are converted into electromagnetic waves
As mentioned above, this type IV-DCIM was also recorded ovgf the local plasma frequency. Meanwhile, the electrons in the
the range of 800-2000 MHz, which means that it had a banglasmoid are also propagating along the field lines in both di-
width of more than 2.0 GHz, since it was beyond 3.80 GHz higlctions. A electron beam could be formed from the plasmoid
frequency limit of the BAO spectrometer. It lasted for more thadUring the burst and then move a|ong magnetic lines and mir-
one hour (67 minutes), and had a long decay phase (about&@d by the second pinched tube (the higher mirror) near the
minutes); near the intensity peak (around 05:48:12 UT) a p@p of arch. At the same time, the plasmoid is just propagat-
culiar fine structure was detected. This fine structure withjgy through the same plasma layer, emitting the type IV-DCIM

negative picture (Fig.2 bottom panel) had a bandwidth abqyirsts, while the beam emission is the microwave M burst which
430 MHz between 2.74 GHz and 3.17 GHz, and a total duratiq’m:ig_ 2 Over|aps on the continuum (DC||\/|)

over 1.3 seconds. Therefore, the M burst is another radio evidence for a mag-
netic mirror effect on beam of electrons in the solar corona after
3.2. Frequency drift and polarization the N-burst (Caroubalos et al. 1987; Hillaris et al. 1988). As in

_ o case of simple U emission, the M burst is a new sub-class of
Fig. 3 shows the average drifting rates of the four branches. T)ge |11 bursts because it is produced by a same electron beam;

branches of the first U have bigger rates than those of the secB@lever, it is a fine structure detected in type IV-DCIM bursts.
one. In addition, as given in Fig. 1, the type IV-DCIM and the

fine structure were almost unpolarized all time. ) .
4.2. Mirror evidence

4. Discussion We interpreted the four consecutive branches, which are num-
_ ) bered 1 (first branch, descreasing frequefiglong time), 2
4.1. Evolution of the fine structure (second branch, increasirfQ, 3 (third branch, descreasirfg

Simple U bursts are generally interpreted as being producdfl 4 (fourth branch, increasirig, as an emission produced by
by electron streams travelling once along the closed magnétié@me electron beam, so we have to prove it and rule out any
lines from the first foot to the second foot; in the event the tuR9SSible coincidence whereby a U-burst could have been fol-
is pinched at the second foot, the electrons with not too smi@ved by another, unrelated U-burst. If the four branches of fine
a pitch angle are mirrored near the second foot. The electrGifé/Cture are emitted by a same electron beam, we expect that
might then generate a second U emission on their way frdhe duration of the time profile at fixed frequency to increase
the second foot back to the first; the combination of the first affgdularly along each of the four branches and continuously from

second U burst creat@ M hurst. We interpret this fine structure®N€ t0 next. This is because of the dispersion of the beam
as a microwave M burst. velocity. As a matter of fact, itis difficult to measure the duration
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collisions in this high density medium unless certain conditions
— are met. The collision time is given by

U3
. mp=31x10"% <> (s)

Te

270 —
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o

Duration(ms)

wheren,.(cm~3) is the electron density andcm/s) is the beam
speed (Benz et al. 1992). The plasma frequency corresponds
closely to the observed frequency for plasma mechanism, from
: 1 \ s \ ] which we deduce the electron density around the radio sources,
05:48:12.162 12450 s 12026 o813, = 1.12 x 10'em™® at the plasma frequency of 3 GHz.
To achieve an average lifetimg,=170 ms (which is average
Fig.5. Measurements of the duration (D) along the brancheA)l ( duration of the branch 1 from Fig. 5) as required by the present
and 4 §); the slopes of the regression line are all positive, dBit observation, we require a speed of beam roughty0.28c (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

because a continuum, which results from the velocity digl88 than the first one (about 0.5s). So we can also roughly

persion of electron beam 1 and 2, is encountered between(Hﬁguce the length of this arch
branches 2 and 3. However, we measured the durations at ﬁf%gch — 098¢ % 0.5 = 1.4 x 10%m
frequency of branches 1 and 4, as given in Fig.5. The dura-
tion of time profiles increases regularly along branches 1 andvere we have used the duration of the first U-burst and the
and also increases from branch 1 and 4 (dD(t)/d}); despite speed of the beam in branch 1.
the absence of 2 and 3 branches, this fact is enough to supportin order for the coronal plasma to be magnetically confined,
the conclusion that these branches all are produced by a sdingegplasma parametgr which expresses the ratio of thermal to
electron beam. magnetic pressures, has to be less than 1,

The intensity at given frequency of branch 4 decreases with

— —15 2
increasing frequencies, and finally fades away into the DCIM.= 347 x 10 neT/B” <1
This is because the Coulomb collisions with the ambient plasm,g find that in order to confine the plasma contained in the

are stronger at the lower altitudes than at higher altitudes; angditonal arch the magnetic field has to exceed 20 Gauss if we
is also because, due to these collisions, the electrons of the be@@}, me the temperatufe= 10°K.

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). TheConclusion

branch 4 has a Ipnggr average duration than branch 1, Wh'CkaJe IV solar radio bursts exhibit a wealth of well documented
due to the velocity dispersion. The extent of the electron begfila siructures between 100 MHz and 1 GHz. The BAO radio
increases with the elapsed time, because spectrograph aims at carrying observations with high time and
frequency resolutions at the higher frequencies where fine struc-
Lyeam ~ L' 4+ Av x At tures are still poorly known. In this paper we have described an
observation by this instrument of a type IV-DCIM burst lasting
where Av: speed dispersion of beam\t: elapsed time after more than one hour, between 3 and 4 GHz.
beam left the acceleration region, (wh&n = 0, Lycq,, = L/, This event exhibits a remarkable fine structure which has a
L' is the original length of electron beam). In addition, if thé/ appearance in dynamic spectra, we call it M-burst after we
magnetic mirror is not located high enough, the reflection pristerpret it as an emission produced by a same electron beam,
cess cannotoccur because the injected beam (branch 2) wouldbieh is originally formed from the plasmoid—the source of this
absorbed due to the collisions along its way before it approactigse 1V-DCIM, moving along closed magnetic arch lines and
the mirror; if the second mirror were located at a lower altitudejirrored. So the M burst is a new sub-class of type Il bursts,
the electron beam 4 would have been damped by collisions bewever it is a fine structure of a type IV-DCIM burst.
fore being reflected. 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
We have interpreted that this M burst is emitted by a same elessociation with type Ill bursts. On dynamic spectrograms they
tron beam, which has to propagate through a relatively dereggpear as diffuse continua following certain type Il bursts or
medium (corresponding to the plasma frequency of 3 GHz). Aarsts groups. Since type V bursts are characterised by con-
noted earlier, the beam can be quickly isotropized by Coulortibuum emissions sometimes following type Il bursts; Weiss

90

4.3. Magnetic arch
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& Stewart (1965) suggested that type V bursts could be int&eferences
preted by several consecutive reflections on magnetic mirr%résn

near the footpoints of magnetic arches. Hence it is natural “E;%tischotA 1957, In: Mclean D.J., Labrum N.R. (eds.) Solar Radio-
such a structuresaa M emission would have been detected in physics’(19855. Cambridge Univ. Cambridge, p. 360

atype V burst. Hovever, as mentioned above, this M burst ig@roubalos C., Poquerusse M., Bougeret J.L., Crepel R., 1987, ApJ
fine structure of a type IV-DCIM burst. The type IV bursts are 319, 503

generally thought to be different from type V bursts in metétu Q.J., Qin Z.H., Ji H.R., Pei L.B., 1995, Solar Phys. 160, 97
wavelengths. A major question that has to be clarified in th#laris A., Alissandrakis C.E., Vlahos L., 1988, A&A 195, 301

future is whether the type IV and type V bursts have some sifiH.R., FuQ.J,, Liu Y.Y,, etal., 2000, Acta Astrophy. Sin. Vol. 20, No.
ilar aspects. It would be important and interesting if this kind of 2, 209

structure is also detected in a type V burst. Weiss A.A., 1963, Phys. Fluids 24, 413
Weiss A.A., Stewart R.T., 1965, Aust. J. Phys. 18, 143
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