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Abstract. The solar radio bursts and accompanying fine structures recorded by spectrometers
at Huairou, Beijing during 1999-2003 are presented. The spectrometers are with high temporal
(5-10 ms) and spectral (4-20 MHz) resolutions. We found 91 radio burst events that occurred
within half hour of the onset of the CME events which cause solar energetic particle events. The
associations of radio fine structures with CME events are discussed.
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1. Introduction

Radio observations at decimetric- and centimeter wavelengths provide important in-
formation for inferring fundamental processes of energy release, particle acceleration and
particle transport in solar activities (Bastian et al. 1998). Temporal fine structures (FS)
of solar radio emission in solar flares have been found in various wavebands for several
decades (Allaart, et al. (1990), Bruggmann, et al. (1990), Benz, et al. (1992), Sawant,
et al. (1994), Isliker & Benz (1994), Jiricka, et al. (2001), Fu, et al. (2004a)). They are
considered to be related to primary energy release processes, etc. (Bastian et al. 1998).
The Solar Radio Broadband Dynamic Spectrometer (SRBS) of China is the first instru-
ment in microwave to acquire dynamic spectrums of solar bursts with the combination
of wide frequency coverage (0.7-7.6 GHz), high temporal resolution, high spectral reso-
lution, and high sensitivity (Fu et al. 2004b). We compare the occurrence of FSs in 1-7.6
GHz range with flare/CME events.

FSs in >1 GHz range are categoried by Isliker & Benz (1994), Jiricka, et al. (2001),
Fu, et al. (2004a), etc., into different types. Kliem, et al. (2000) have found that the
radio drifting pulsation structure are associated with CME initial process. Such structure
are typical features for the active region NOAA 9077 during its passage over solar disk
(Karlicky, et al. (2001), Wang, et al. (2001a)), and Wang, et al. (2001b) found that various
radio FSs occurred during different phases for the Bastille Day event. The time sequence
of the radio emission was analyzed by comparing with the hard X-rays (HXRs) and the
soft X-rays (SXRs) in this flare. After the maxima of the X-rays, the radio emission
in the range 1.0-7.6 GHz reached maxima first at the higher frequency, then drifted to
the lower frequency. This comparison suggested that the flare included three successive
processes: firstly the X-rays rose and reached maxima at 10:10-10:23 UT, accompanied
by fine structures only in the lower altitude regime (range 2.6-7.6 GHz); secondly the
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Figure 1. Time profiles of the HXRs and SXR and the radio emission at several typical fre-
quencies during 10:00-11:00 UT on 14 July 2000. (a) HXRs by FY-2 satellite and GOES SXR;
(b) 1.2 GHz; (c) 2.84 GHz; and (d) 5.60 GHz. The filled areas in (d) indicate three intervals
only in which time interval many radio FSs occurred. During (I) 10:10-10:23 UT, accompanied
by fine structures only in the range 2.6-7.6 GHz (II) many fine structures over the range 1.0-7.6
GHz at 10:23-10:34 UT (III) a decimetric type IV burst and its associated FSs (fibers) in the
range 1.0-2.0 GHz appeared after 10:40 UT (Wang et al. 2001b).

microwave radio emission reached maxima accompanied by many fine structures over the
whole altitude (range 1.0-7.6 GHz) at 10:23-10:34 UT; then a decimetric type IV burst
and its associated FSs (fibers) in the high altitude regime (range 1.0-2.0 GHz) appeared
after 10:40 UT. For the Oct—Nov 2003 flare/CME events, various radio FSs were also
found appearing at different phases of the flare/CME process (Tan, et al. (2004)).

The temporal relationship between CMEs and associated flares is of great importance
to understanding the origin of CMEs. Zhang, et al. (2001) have studied this issue us-
ing SOHO/LASCO and EIT observations. The association of radio type II bursts and
CMEs have been found for decades (Cane (1984), Aurass, (1992)), and Chernov & Mar-
keev (1997) discussed radio FSs in metric wave range associated with CMEs. Here the
occurrence of FSs in 1-7.6 GHz with respect to the earth-effective CMEs, that cause
solar energetic particle events, is statistically analyzed regardless the FS types. We first
introduce the instruments and observations in §2. Then in §3 we present the statistical
results and finally we draw our conclusions in §4.
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Table 1. The Solar Radio Spectrometers at Huairou/NAOC

Frequency range: 1.0-2.0 GHz 2.6-3.8 GHz 5.2-7.6 GHz

Temporal resolution:  5ms (after June 2002) 8ms 5ms
20ms (before Dec. 2001)

Frequency resolution 4/240 (after June 2002) 10/120 20/120

(MHz/chan.): 20/50 (before Dec. 2001)

Sensitivity: 3%, 2%, 2% Squiet Sun

Dynamic range: 10 dB above 3 or 2% Squiet Sun

Polarizations: LHCP, RHCP

Observing time: 22-10UT (Summer), 0-8UT (Winter)

Table 2. Observed solar radio bursts during 1999-2003 at Huairou/NAOC

Frequency range (GHz): 1.0-2.0 2.6-3.8 5.2-7.6

Number of Burst Events: 729 1616 1198
Number of Fine Structures: 110 131 48

2. Instruments and Observations

Since 1994, a broadband solar radio spectrometer had been developed in China, with
a frequency coverage of 0.7-7.6 GHz, a frequency resolution of 1-10 MHz, and a tem-
poral resolution of 1-10 ms (Fu, et al. (2004b)). This instrument is composed of multi-
bands spectrometers and the three spectrometers at 1.0-2.0 GHz, 2.6-3.8 GHz, and 5.2
7.6 GHz are located at Huairou Solar Observing Station of National Astronomical Ob-
servatories, Chinese Academy of Sciences (NAOC). The radio environment has been
measured and calibration techniques are developed to ensure reliable observations (Yan,
et al. (2002), Sych & Yan (2002)).

The performance of the spectrometers is very powerful in detecting radio fine struc-
tures. Table 1 shows the description of the spectrometers at Huairou (Ji, et al. (2000),
Ji, et al. (2003), Fu, et al. (2004Db)).

Many events have been observed since the Chinese Solar Radio Broadband Spectrom-
eters have been put into operation. The radio events observed at Huairou/NAOC during
1999 to 2003 is listed in Table 2.

The radio FSs have also been observed as shown in the above table. Figure 1 shows
the occurrence of radio FSs associated with the flare/CME process for the Bastille Day
event. For the Oct—Nov 2003 event we also observed FSs during flare/CME process (Tan,
et al. (2004), Wang, et al. (2004)). Here we show the radio zebra pattern and spike fine
structures during the rising phase of the 26 October 2003 event in Figure 2.

The CME list is obtained from SOHO/LASCO catalogue (http://cdaw.gsfc.nasa. gov/
CME.list/) and the LASCO instrument is introduced in detail by Brueckner, et al.
(1995).

3. Statistic Results

As mentioned above, we mainly analyze associations of the occurrence of FSs in 1-
7.6 GHz with respect to the earth-effective CMEs, i.e., that cause solar energetic particle

https://doi.org/10.1017/51743921305000219 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921305000219

104 Y. Yan, et al.

Hualmu,‘Ne\ﬂC Lefl pu]arJ:almn lﬂf?ﬂfzﬂﬂl!

Left FrequencylGHz)

1772 1

Right Frequency({GHz)

2000 | s =
Oz 1322 I)[Fil!32 ﬂn:lﬂ:lE Ok 1062 08:14:08

2700 280.0 2100 (sfu)
(a)

Huairou 1. -124G-Hz Tlnw.- Profile 10,‘26/2001

i&{!l I
|

400

I

350

Right Polarizalion sfu

Frequency|GHz)

DE:44:30 06:45:00  GG:A45:30  06:48:00
2000 250.0 3000 (sfu)

(b)

Figure 2. The radio (a) zebra pattern and (b) spike fine structures during the rising phase of
the 26 October 2003 event.

events, regardless the F'S types. Therefore we chose the radio burst events that occurred
within half hour of the onset of the CME events.

During 19972003, there were 91 radio burst events in the 1-7.6 GHz range selected
which are associated with the CME events, among which 86 were accompanying Type IT/
IV bursts as shown in Table 3. All these 91 events associated with GOES X-ray flares
as listed in Table 3 as well. Among 91 events, 60 (66%) events have burst in all 3 bands
employed by Huairou/NAOC spectrometers: 14/18 (78%) for X-class flares 39/57 (68%)
for M-class flares and 7/16 (44%) for C-class flares. 78 out of 91 events (85.7%) were
associated with Ha flares and the classification is shown in Table 4. If we look at the radio
burst events and the GOES X-rays flares we can seen that most of them are radio complex
events as shown in Table 5. The importance of the radio flux intensity at 2.84 GHz
for these events are listed in Table 6. It can be seen that most are strong radio burst
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Table 3. Radio bursts (in 1-7.6 GHz) associated with CMEs and Type II/IV bursts and SXR

flares
CMEs | Type II Type IV| X M C
91 49 37 18 57 16

(100%) | (54%)  (41%) |(20%) (62%) (18%)

Table 4. Radio bursts (in 1-7.6 GHz) associated with CMEs and Ha flares
Total event 3B 2B 1B SF 1N others no flare
91 4 17 7 13 17 20 13

Table 5. Classification of soft X-ray flares
GOES flare Event 47GB 45C 5S 3S 1S Other

X class 18 16 1 1 0 O 0
M class 57 15 27 4 9 1 1
C class 16 0 6 6 4 0 0
Total 91 31 34 11 13 1 1

events. This is agreeable to the selection that the CME events are all earth-directed and
caused SEP events.

In all 91 events there are 38 (41.7%) containing FSs (or FS groups). The 26 FSs
occurred during rising phase, 16 during maximum, and 8 in decaying phase (there are
overlaps for FS occurrence). Note here a FS event may contain different types of FSs as
we mentioned above. The detailed description of these events are listed in Table 7. We
have also analyzed the time sequences of these flare/CME event and the results are listed
in Table 8. It can be seen that most events are in radio burst-SXR flare maximum-CME
time sequences. Please note that radio bursts and flares are measured at their peak time
whereas the CME onsets are measured according to their C2/C3 onset time. Therefore
it deserves careful analysis of these time sequence relationship.

4. Conclusions

In summary, during 1997-2003, there were 91 radio burst events in the 1-7.6 GHz
range selected which are associated with the CME events that caused SEP events. The
CME was simply chosen when they are half hour apart to the radio bursts and SXR
flares.

(1) All the events are associated with soft X-ray flares (18 X class, 57 M class and 16
C class events), 78 are associated with Ha flares, 49 associated with Type II burst and
37 with Type IV burst.

(2) In the 91 CME-associated radio burst events, 60 (66%) have burst in all 3 frequency
bands: 14/18 (78%) for X-class 39/57 (68%) for M-class and 7/16 (44%) for C-class. Most
of them are of complex radio burst profiles (65 events) and with strong intensity (71
events with > 100 s.f.u. at 2.84 GHz). 50 events (65%) were in a time sequence of “radio
burst” — “SXR flare” — “CME onset”.

(3) There are 38 (41.7%) event containing F'Ss (or F'S groups). Most radio F'Ss occurred
during rising phase of flare/CMEs, and the occurrence of FSs decreases as frequency
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Table 6. Solar Radio Flux at 2.84 GHz of the events

Flux range < 100 100 — 500 500 — 1000 1000 — 5000 > 5000

(s.fou.)

Events 20 40 14 16

Table 7. Occurrence of radio FSs in different burst phases

Phases: rising peak decay

1-2 GHz 19 15 4
2.6-3.8 GHz 14 3 3
5.2-7.6 GHz 5 2 1

Table 8. Time sequences of radio burst/CME/falres.

Radio burst maximum — SXR flare maximum — CME
Radio burst maximum — CME — SXR flare maximum
SXR flare maximum — Radio burst maximum — CME
SXR flare maximum — CME — Radio burst maximum
CME — Radio burst maximum — SXR flare maximum
CME — SXR flare maximum — Radio burst maximum

59 (65%)
8 (9%)
12 (13%)
2 (2%)
7 (8%)
3 (3%)

increases (19/14/5 FS events in rising, 15/3/2 at peak, and 4/3/1 when decay for 1-2

G/2.6-3.8 G/5.2-7.6 GHz regime).

(4) If we consider a standard flare/ CME model the above statistic results are consistent
with such a scenario and radio fine structures may manifest initial phase signature, which

is important to diagnose coronal parameters.
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