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Research and Observation of Metric and Decimetric Type 11

and Type III Solar Radio Bursts with Fine Structures

GAO Guan-nan'?, LIN Jun!, WANG Min!, XIE Rui-xiang!

(1. Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming 650011, China; 2.
Graduate University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Observations and studies of solar eruptions in radio wavelengths provide us
several diagnostic approaches to answering long-standing questions about shocks, particle
accelerations, and particle transports in magnetized plasmas. At decimetric and metric
wavelengths, coherent plasma radiation plays a dominant role in observed radio emissions.
Coronal mass ejections (CMESs) and solar flares play a pivotal role in the solar terrestrial
relationship: they are responsible for major geomagnetic storms and the event of solar
energetic particles (SEPs). It is now generally accepted that type II and type III radio
bursts in the solar eruption are closely related to flares and CMEs.

Type II radio bursts are the slow frequency drifting signature in the dynamic spectrum.
It is interpreted as the result of the outward motion of the fast mode shock driven by CME.
Type III radio bursts, on the other hand, are the fast frequency drifting signature in the
dynamic spectrum. Usually they are interpreted as the radio signature of energetic electron
beams propagating along the magnetic field outward through the corona or interplanetary
space at speed of 0.2-0.6 c. The reverse frequency drifting type III radio bursts and the
U-shape radio bursts are sometimes observed as well. The reverse-drifting type III radio
bursts are believed to result from the Sun-ward energetic electron beams, and the U-shape
radio bursts are due to electron beams propagating in a closed magnetic loop. Moreover,

groups of type III radio bursts are observed in some special events and they are interpreted
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as electron beams trapped in moving plasmoids, which are constrained inside semi-closed
magnetic field structures

In this work, we first introduce four kinds of type II radio bursts: (1) the type II radio
bursts that include the third component of the plasma emission, (2) the type II burst with
high starting frequency, (3)the bifurcation metric type IT radio burst, and (4) the type II
radio burst of nearly zero frequency drift. We discussed three aspects about the type II radio
burst that have long drawn attention of the community: (1) the origin of the metric type II
radio burst, (2) the relation of the metric type IT radio burst to that in the interplanetary
medium, and (3) the onset positions and frequencies of the type II radio burst that are
dependent on the local Alfvén speed and the rate of magnetic reconnection. Then, we
looked into two kinds of different fine structures about shock-associated type III radio burst
(SA) and the herringbone structures. Both of them are associated with type II radio bursts
as the signal of particle accelerations by the CME-driven shock.

In the third part of this work, we introduce the details of the type III radio burst, which
is used for diagnosing the coronal magnetic field structure and the coronal plasma density.
According to recent numerical experiments, type III radio bursts may as well offer a new
tool to probe both distributions or structures of 7T, and 7; in the corona. We discuss two
issues of the type III burst that are related to other activities and phenomena: (1) the time
sequence of type II and type III radio bursts, (2) On the basis of the catastrophe model
of solar eruptions, particles can be accelerated in current sheet, and produce type III radio
bursts, therefore the starting frequency of the type III burst should decrease with time since
the current sheet continues to move upward in eruption. This is related to the motion of
the flare loop system in the eruption. We also introduce and discuss three kinds of fine
structures that are always found associated with type I1I radio bursts: zebra, fiber as well as
spike, and emphasized the relationship among type III radio bursts, spikes and hard X-ray
emissions in solar eruptions. Finally, we introduce two new solar radio digital spectrographs
(70-700 MHz and 625-1 500 MHz) with high frequency (200 kHz) and high time (80 ms)
resolutions at the Yunnan Astronomical Observatory, China, and some observations made
by them.

Key words: sun; radio bursts; fine structure; shocks; particle acceleration
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