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Abstract. The 2.60-3.80 GHz spectrometer in Beijing Astro2. Observation

nomical Observatory (BAO) recorded two remarkable “dec-_oradetailed study of fine structures in the high-frequency part
metric pulsation” events (DCIM) around the time 1998 041 . ) v 9 d yp
of decimetric and microwave bursts, new spectral observations

0800 UT. High resolution dynamic spectra revealed Vanopswtensity and polarization) with high resolution in time and in
Y

new fine structures during the rising phase of the second DCI L ouency over a wide frequency ranae are needed. For this pur-
which seem different from “zebra patterns” well known at lower q Y q yrang ' P

frequencies. The high frequency limit of the second DCIM is d8os€. a broad band radio spectrometer is being developed by the

lineated by 1 to 3 narrow and continuous emission bands Whgs?éar radio astronomical community of China (Fu etal. 1995). It

frequencies fluctuate in parallel, and which occasionally s |“stcomposed of five separate spectrometers covering the respec-
ang merge. They look Iikg the “évolving emission line” (éEflve frequency ranges: 0.70-1.40 GHz, 1.00-2.00 GHz, 2.60-
80 GHz, 4.00-5.20 GHz and 5.20-7.60 GHz. The 2.60-3.80

reported by Chernov et al. (1998) at lower frequencies. Itis t L
second time that such a feature has been recorded, and the ﬁ&_' component spectrometer started working in Oct. 1996 at

time above 1 GHz. ; ithas 120 frequency channels of 10 MHz bandwidth each,
atime resolution of 8 milliseconds, as well as allowing high sen-
sitivity and high accuracy measurement of circular polarization
(Ji et al. 2000).

An overview of solar radio bursts on Apr. 15 1998 observed
by BAO over the band 2.60-3.80 GHz is given in Fig. 1, includ-
1. Introduction ing the left- and right-handed circular dynamic spectrum and

) ) ) polarization; the data is integrated into a time resolution of 200
Observational properties and theoretical aspects of type IV SQIE There is a decimetric pulsation (DCIM) event between 0741

radio bursts are much less studied than those of the typel{ and 0749 UT, and about 9 minutes later, from 0758 UT to
bursts; the observational properties of fine structures in tygg15 T a second DCIM was observed. On the rising phase
IV bursts are even less known around 3.0 GHz than arougfine second DCIM emission, from about 0747 UT to 0802
300 MHz. Since Oct. 1996, a spectrometer with high time apgr yarious fine structures are detected, thanks to the high time
frequency resolution at the Beijing Astronomical Observatoly,j frequency resolution. Three of these structures are given in
(BAO) has been recording solar bursts in the frequency rang@. 2a—c (FS a, FS b, and FS ¢ in chronological order respec-
2.60-3.80 GHz. The first event with complicated fine Structurggely) with a right-handed circular component. FS b and FS ¢

was recorded on Apr. 151998. ___are very close to each other, however, there are other kinds of
We willemphasise three special fine structures of akind thfe structures between ES a and FS b.

we had never recorded before in such a high frequency rangeThese two DCIM were also recorded by the spectrometer
(around 3.60 GHz). We will discuss these features in relationger 4 range from 2000 MHz to 4395 MHz at the Ondrejov
previously identified structures atlower frequencies (around 3@%servatory (ONDR). On the other hand, Solar Geophysical
MH2), such as the “zebra patterns” and the “evolving emissig§Ly (SGD) reports a C8.8/SN flare detected by GOES and
line” (EEL) reported by Chernov etal. in 1998. SVTO in active region(AR) 8203 located at N29W15; the flare
In Sect. 2, we will describe the instrument and the mayycyrred from 0737 UT to 0806 UT, reaching its maximum at
features of the event. In Sect. 3, we will analyse and propertigfag yT, Therefor, AR 8203 and its flare are the likely source
ofthreefilje strutures..ln Sect. 4, we will discuss what they might ine two DCIM events as the optical emssion begins slightly
be. We will conclude in Sect. 5. before the radio emission. In the observations of YOHKOH, a
small arcade structure is detected in the soft X-ray (SXR) in
AR 8203 between 0806 UT and 0816 UT. However, the hard

Key words: Sun: activity — Sun: radio radiation

Send offprint requests t@ongjun Ning



854 Z. Ning et al.: Special fine structures of solar radio bursts on April 15 1998

Left polarization

[p%]
Lo}
o

[p¢]
[{e]
o

(o]
]
o

Frequency(GHz)

e
4]
o

i

o
o0
o

07:37:20.332 07:47:01.332 07:56:42.532 08:06:23.732 08:16:04.932
Time(UT)
Right polarization

2.60
‘N 2.90
==
(&)
=
e 3.20
48]
3
Lo
fer]
oSG0
3.80
07:37:20.332 07:47:01.332 07:56:42.532 08:06:23.732 08:16:04.932
Time(UT)
Polarization
2.60
T 230 Fig. 1. Dynamic spectrum of the DCIM
\.‘:"; on April 15 1998 observed by the
2 3on BAO spectrometerinthe 2.60-3.80 GHz
2 band. From top to bottom: left- and
g right-handed circular components and
« 3.90 polarization degree respectively. The
datais integrated into the time resolution
3.80 of 200 ms. The first triangle corresponds
07:37:20.332  07:47:01.332  07:56:42.532  08:06:23.732  08:16:04.932 tothe FSainFig.2, and the second one

: indicates the FS b and c (the two are very
Time(UT) close to each other).

X-ray event (HXR) recorded by BATSE on channel 0 (33.23.1. FS a
56.9KeV) lasts from 0740 UT to 0752 UT. In addition, there arlq_a ain Fia. 2a is composed of a continuum on the lower fre-
also coronal mass ejection (CME) events by SOHO and typequency pa?'; and two ngrrow band emissions on the higher fre-
bursts on Apr. 15-18 1998. guency part. It is unfortunate that only a part of FS a was
recorded, since as it is clear that it continues beyond the 3.80
) GHz high frequency limit of the spectrometer, so we do not
3. Data analysis know exactly what its bandwidth and duration are. However,

As shown in Fig. 1, the first DCIM has a constant average circ/e can state the following:

lar polarization of 3% left-handed. However, the second DCI{d) FS a has a duration of more than 1 s;

changed polarization from —80% right-handed during the risi(@) FS a occurs in the range 2.84 GHz3.80 GHz;

phase to 14% during the decay phase. Fine structures appe@)aln the low frequency range from 2.84 GHz to 3.67 GHz,
the beginning during the high polarization phase: spike groups, there is a weaker continuum from the beginning to the end;
pulsations, patch and zebra pattern or EEL(FS a, FS b, FS4). In the high frequency range from about 3.67 GHz to 3.80
We now describe three characteristic fine structures in detail. GHz, two narrow band emissions are present, with band-
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Fig. 2a. Three special fine structures in
the rising phase of the second DCIM
. ; 4 i around the time 1998 0415 0800 UT. FS
3.65 ! z Elazkm Lif a, b and c (the data with a time resolu-
tion of 8 ms) are three EEL events, the
T other two pictures have a time resolution
! ‘ of 200 ms. The triangle marker in FS b
07:59:28.734 07:59:30.430 07:59:31.134 07:59:31.830 07:59:32.534 . . . .

points to the period where five strips are

Time(UT) @ split during 84 ms.

3.51

Frequency(GHz)

3.80

widths A f ~ 10-20 MHz and 40 MHz for the top (lowest  Fig. 3; we identify a quasi-period of about 275 ms, com-
frequency) and bottom (highest frequency) respectively. The pared to the continuum pulsation period of 3 minutes at
corresponding relative bandwidths akef/ f ~0.004 and 300 MHz in Chernov et al.’s event. The continuum becomes
0.011. The frequency separation between the two strips de- weaker and weaker from high to low frequencies;

creases from about 20 MHz at the beginning to zero at {f#¢ From the beginning to 0801 28.4. UT, two narrow band
end when they merge into a single strip. The central frequen- emissions on the high frequency part, 10—20 MHz wide and
cies of either strip decrease and then increase again simulta-10-20 MHz apart, wiggle by about 50 MHz. At0801 28.5.
neously by about 100 MHz, overdH s time period during UT (solid triangle marker), and for about 0.1 s, the whole
which we observed them. This corresponds to a relative fre- emission splits into five narrow bands, 20 MHz wide and
quency variation f / f ~0.03 which could be due to eithera  about 10 MHz apart; during this short period, the low fre-
plasma density variatiodin. /n. ~ 25 f/f ~0.07 (plasma guency part of the continuum is much weaker than nearby.

emission), or to a magnetic field variatioB /B = 6 f / f ~ Right afterwards the spectrum is smooth, and about 0.3 s
0.03 (electron-cyclotron emission); later, at 0801 28.8. UT, the bursts splitinto three narrow band

(5) FS a keeps the same sense and high degree of polarizatioremissions again, about 30 MHz wide (bottom strip) to about
all the time (—80% right-handed). 50 MHz wide (top), corresponding to relative bandwidths
Af/f ~ 0.004 to 0.01 respectively. The frequency sepa-

3.2 ESb ration is about 20 MHz. These three strips synchronously

wiggle by about 200 MHz on a time scale 060 — the
This is the most complicated of the three recorded, with lots relative frequency variationsf/f ~ 0.06 corresponds to
of detail; it is similar to the “evolving emission line” (EEL)  a plasma density variatiodn,./n. ~0.1 or to a magnetic
described by Chernov et al. (1998). A pulsating continuum pre- field variationd B/ B ~0.06;
dominates at lower frequencies, and two or three narrow bgB§l FS b has the same sense and degree of polarization as FS a.
emissions occur on the high frequency part.

(1) FSblasts for more than 4 s; "FSc
(2) FS b ranges over slightly more than 1.00 GHz bandW|dth
from 2.72 GHz to 3.78 GHz; (1) We have recorded all of this fine structure, which closely

(3) The low frequency continuum is modulated by quasi- follows FSb; the duration is less than 1's;
periodic pulsations. The intensity fluctuation is given it?) The bandwidth is less than 800 MHz;
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(3) Instead of a continuum, the low frequency part consists 4f1. zebra pattern
spikes from 2.70 GHz to 3.40 GHz: durations24-40 ms, . .
bandwidth~ 40-110 MHz (Isliker & Benz 1994); Zebra patterns are characterised by a nhumber of simultaneous
(4) A narrow band emission, about 10 MHz wide is’ cut off Oﬁmission strips; the strip bandwidth is narrower than the fre-
the high frequency part a'nd wiggles by about éo MHz (fror%uency separation, both being about uniform across the differ-
3.41 GHz to 3.49 GHz) on a time scale of one second: ent strips. The strip central frequencies fluctuate in parallel on
(5) The sense and degree of polarization stay the same duﬁ\\t pical tlmg scale of a few secqnds. The emission strips are
ustally considered to be harmonics,sof a fundamental fre-

the recording, asin FS a and b. o
guencywy, where s represents consecutive integers. Such fea-
_ _ tures as band splitting, strip wiggling and strip disappearance

4. Discussion occur occasionally (Kuijpers 1975; Chernov et al. 1998).

The dynamic spectra shown on Fig. 2a—c are reminiscent of the

“zebra pattern” seenintype IV bursts or evolving emission Iiné‘sz EEL

(EELs). The EEL event was firstly reported by Chernov et al. (1998)
around 300 MHz. They describe it as “right along the high-
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3.75 Fig. 3. Time profiles on selected channels on

77 \ T \ the low frequency partinthe FS b. Notice the

08:01:26.338 08:01:27.482 08:01:28.626 08:01:29.770 08:01:30.922  quasi-periodic pulsations with an average of
Time(UT) about 275 ms.

frequency cut-off line of the pulsating continuum, and followin@) Sometimes during the course of the zebra pattern, one zebra
its frequency fluctuations, a narrow band emission, 10-15 MHz strip disappears while the neighbours approach each other
wide, oscillates almost sinusoidally in frequency”. In addition, and continue (Kuijpers 1975); however, in FS a, no strip
the EEL consists of absorption (white) and emission (black) dots disappears, but two strips combine together at the end;

with 0.25 s period; Chernov et al. think that the absorption d¢f§ The strips wiggle by about 130 MHz, much more than the
result from the quenching of loss-cone instability when new par- frequency separation between them;

ticles are injected inside the current sheet. Because of the EEL The frequency separation between two strips, which is equal
being at the highest frequency emitted, itis tempting to locate its to or smaller than the strip emission band, is changing, from
source in the densest part of the whole radiating volume, that is 20 MHz at the beginning to zero at the end.

inside the current sheet where magnetic reconnection proceedsAlthough we do not know what zebra pattern could look like

around 3.60 GHz, the features above are different from zebra

4.3. Difference between zebra pattern and the EEL strips around 200—-300 MHz. In the event that the FS a was a ze-
Chernov et al. think there are three differences between thertr)1r:a pattern, we presume that the fundamgntal frequency would
bé about 20 MHz (the frequency separation between them), so

thg same strip emission would have to continuously change its

(1) ;thring]EyLir:g:gyr/:;g?Z:igoneSlngle emission band inst aarmonic number s from 190 through 184 to 190 with time,

: . when the strip wiggles from 3.80 GHz through 3.67 GHz to
% ;E?SE;;ES;?SI ?rr]g;eer arzli?\i/r?tgfgﬁxftth thanzebra patterg%o GHz again. Therefore, although we also do not know what
' FS a looks like at frequencies higher than 3.80 GHz, we con-

Moreover, in zebra patterns the frequency separation lgéqde itis of the EEL kmgl. . .
tween strips is larger than the strip bandwidth, and strips wiggle Secondly, the FS b is an EEL with some new properties
over a frequency interval comparable to the frequency se ound 3.60 GHz. The reasons are:
ration between them. In addition, the EEL is right along tt{&) It has a narrow cut-off strip emission at the high frequency
high-frequency cut-off line, which results from its source being all the time, which is the most important reason;
located in the densest part of the whole radiating volume. (2) The continuum is modulated with a quasi-period of about

275 ms on the low frequency part;

(3) Thethree strip emissions have different bandwidth (30 MHz
to 50 MHz).

On the other hand, the FS b also has some new features:

4.4, Our viewpoint

Firstly, we think the FS a is not the zebra pattern at 3.60 GHz

because:
() The bursts split into five narrow band emissions for 84 ms

(1) Thetwo strips have different bandwidth, 10—-20 MHz for the and then these five strips combine together and finally split

upper and 40 MHz for the lower strip; into three line emissions again;
(2) Theintensity of the lower strip is larger than that of the uppéit) The three strips synchronously wiggle by about 200 MHz
one; on a time scale of 500 ms, which is much larger than the

(3) There is some weaker continuum on the low frequency part; frequency separation (20 MHz) among them;
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(I The line emission is continuous with no absorption dotsinside the radiation source. It may deserve substantial theoretical
(IV) The lines have a pseudo-period of their frequency fluctattention. A major question to be solved in the future is whether
ations, which is about 2 s. an EEL is the signature of a current sheet. Another question is

] ) o why is this kind of feature so rare; is it because emission lines
The 5 strips lasting 84 ms are somewhat similar to a shafl syally too wide to show up as such, or is it because the

portion of the zebra patterns recorded at lower frequencies. Biifission mechanism itself requires a specific and narrow range
they are not zebra pattern because the emission band (abou§30:a| parameters? We will also have to eliminate the remote
MH?z) is larger than frequency separation (about 10 MHz). Thigysipility that such fine structures are the result of propagation

is also the main reason why the following three line emissioRfets through the inhomogeneous corona. The final question

are not zebra strips. S is to judge the possible continuity among all the fine structures
Thirdly, FS cis also an EEL event, since itis right along thg, it day, including the 3 EELS in Fig. 2.

high-frequency cut-off line. However, some spike groups onthe e present observation constitutes the second detection of

low frequency part are new features of the FS c. an EEL, and the first one at frequencies higher than 1 GHz. It
Finally, we conclude FS a, b and c are EEL events arougles ys the incentive to look for more EEL examples, through-
3.60 GHz. out a wide possible frequency range, between approximately
100 MHz and 10 GHz. We need to get a statistical idea of its

5. Conclusion properties: frequency of occurrence, distribution in frequency,

. . association with emissions at other wavelengths, etc.
Type IV solar radio bursts exhibit a wealth of well-documented

fine structures between 100 MHz and 1 GHz. The BAO racknowledgementst is a pleasure to thank Dr. Debang Lao and Dr.
diospectrograph aims to carry out high time and frequency abdo Yang for supplying us with IDL software for analyzing the data; we
servations at higher frequencies where fine structures are stib thank the staff of the BAO for providing help to complete this paper.
poorly known. In this paper, we have reported an observation Byis work is supported by National Nature Science Foundation project
this instrument of a short type IV-DCIM burst |asting 3 minuteé\,lo. 19773016 and 19833050. We also appreciate Dr. M.Poquerusse
between 3 and 4 GHz. spending plenty of time to improve this paper.
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