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ABSTRACT

The importance of solar observations at decimeategelengths is explained. Characteristics
of various types of decimetric radio bursts duritages are described. Radio observations of
solar active regions are also described.

INTRODUCTION

Radio observations of the Sun contribute to theetstdnding of many physical processes which
occur on the Sun. From the thermal bremsstrahlunggsgon in the quiet Sun to thermal gyro -
resonance in strongly magnetized solar active nsgio the non thermal emission from Mev electrons
accelerated in solar flares, observations of radnission in the entire radio band provides addaion
means of understanding the myriad phenomena o8uhefrom the base of the chromosphere to the
outer Corona. The range of frequency in the bar@l-38000 MHz roughly corresponds in height to
the lower corona generally less than 1.2 solari.r&étigh frequency part of this spectrum is the
operating frequency range of Brazilian decimetriay (BDA). In the solar corona, tleharacteristic
frequency of the background plasma is: the plasmquency andhe electron gyro frequency that
determine the observing radio frequency by fp =9 Hz andfc = 2.8 B MHzwhere n is the
electron density/cthand B is the magnetic field in Gauss. Radio emissiorprisduced at these
frequencies (fundamental) and or second harmonit fggher for some gyro magnetic emissions. The
decimeter range of 300 — 3000 MHz corresponds tiocgodensities of 1.8 10° to 1.3x 10" cm®
assuming fundamental emission. This is the rangeéeokities where the primary energy release of
flares is expected to take pladéhe way in which different radio frequencies canused to probe
different levels of the atmosphere is shown inRlgaire 1.

The solar radio emission in the decimeter bandoleas studied extensively using spectrographs
and imaging instrument&rom the diagnostic point of view that the radiatio the band 1 — 5 GHz
allow direct measurement of temperature and magfietd without the complications arising in the
analysis at other wavelengths like the knowledgthefchemical abundance elthe large resurgence
of solar radio astronomin the past decade is due to the use of largefentgneters like VLA and
WSRT for imaging and radio spectrographs in diffiénearts of the world in particular tHehoenix
(Benz, 1998) in Zurich and the B$Sawant, 2003) at INPE in Brazil.
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Fig. 1 - Characteristics radio frequencies in the solar atmosphere (Gary and Hurford, 1989).

For the past two decades imaging observations laf swtive regions and flares with high
spatial resolution (< 20 sec of arc) were made hy\\And WSRT. Also RATAN and SSRT have
been used to study the SUN. In recent years GMRTblean used to observe the Sun few times in a
year. The spatial resolution of VLA ranges fromr8 min at 330 MHz to about 5 arc sec at 15 GHz.
Radio spectrographs in the decimetric band useddent years for solar observations is shown in the

Table 1.

Table 1 - Broadband spectrographs in the decimateye
Range (MHz) Time resolution (s) Spectral resolutio

Af [T (%)

Artemis (Greece) 470- 110 0.01 0.8

Beijing (China) 3700 — 3100 0.001 -

Hirasiso 2500 - 25 3-4 0.2
Ondrejov (Czech Rep.) 4800 — 800 0.1 0.6
Porto (Portugal) 600 — 200 0.10r0.01 >0.16
Tremsdorf (Germany) 800 - 40 0.1 or 0.001 0.46

Zurich (Switzerland) 4000 — 100 <0.1 0.2

DECIMETRIC EMISSION FROM FLARES

The radio emission of flares at wavelengths froirméter to decameter waves includes a large
variety of radiation processebhey can be considered as different diagnostictpalticularly suited
for the analysis of non thermal electron distribnfienhanced level of various kinds of plasma waves
and dynamical plasma processemm the study of solar flares using solar radiecsgraphs it is
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known that there is a variety of (flare relatedydts with distinctive morphologies in the frequency
time domain Situated in the spectrum between metric range <N3Biz well known for five types of
bursts) and the centimetric synchrotron emissiofregjuencies > 3 GHz the decimetric emissions
manifest a large variety of structures many of Wwhéce still unexplored. Figure 2 shows a typical
example of broadband spectrum recorded by Phoemige2trograph. In addition to type Il bursts
many type Il like burst were observed.
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Fig. 2 - Broadband spectrum showing a rich variety of bursts in the meter — decimeter wavelengths
(Benz, 1991).

The decimetric range has been systematically esg@losince 1980s with digital radio
spectrographs with high spectral and temporal wtisol (Benz, 1991)Most decimetric type Il
emissions are shaped similar to metric type lliogdmirsts. Their characteristics are:

a) impulsive onset;

b) occur in groups of some tens to hundreds;

¢) similar to metric and IP type llls;

d) have short duration (0.5 — 1 sec);

e) high drift rates < 100 MHz;

f) occurin groups ( tens to 100s);

g) reverse drift common as normal drift (above 1 GHz).

These bursts are interpreted on the basis of efetieams interacting with the ambient coronal
plasma to excite a bump on tail instability of Langr waves. This emission can occur at fundamental
and harmonics. The electromagnetic emission isnaasguo be produced at the local plasma frequency
and /or it harmonics. Type lll bursts are a diagiessof the electron density of the plasma trawerse
by the beamThe recent interest in type Il bursts is motivabgdtheir use as diagnostics for location
of the electron acceleration process, as tracethefmagnetic field lines along which electron
propagates and the density of the ambient coramatthverse. Imaging observations have shown that
type lll sources are often not single, but emergaukaneously into different directionown
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propagating branches of type Il bursts are sometlouble sources. Their simultaneous existence
suggests a common origin. Figure 3 shows radiadurghe frame work of flare scenario.
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Fig. 3 - Acceleration region above the X-ray bright flare loop accelerating beams in the upward and
downward direction is shown.

Spike bursts are seen very often in the decimbgi. Their characteristics are:
a) short duration (< 0.1 s);
b) narrow bandAf/f ~ 0.03);
¢) highly polarized;
d) short rise and decay times;
e) frequency of occurrence 300 MHz — 8 GHz;
f) occurin clusters;
g) correlated with flares.

The spike bursts are suggested due to Electroro€golMaser Emission (ECME) generated by
beams of electrons. They represent basic fragnientat the energy release in flares.

Diffuse continua occur in the 1 — 3 GHz range tlamother range of frequencies. Their
characteristic duration ranges between one and semsenf seconds too long for type Il burst anal to
short for a type IV burst. The circular polarizatie found to be weak.

Stationary type IV events are continua of > 10 neswluration occurring in the 0.1 — 3 GHz
range. This emission is usually modulated in tim@les of 10s or less and is strongly polarized. The
emissions are due to electrons trapped in loop eshapagnetic field lines. These broad band
emissions occur usually above 1 GHz.

The emission is suggested due to Gyro synchrotrossgon of mildly relativistic electrons.

SOLAR ACTIVE REGIONS

Solar active regions are localized areas on thev@ware magnetic flux has erupted through the
photosphere into the chromosphere and corona. dteegharacterized by the presence of sunspots in
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white light, enhanced line emission (e.gm, Kall), and greatly enhanced soft X-ray (SXR) satio
emission. As their name implies, solar active regiare the sites of solar flares, a variety ofaadi
bursts, enhanced coronal heating, and play amalarious mass ejections. A key goal of solar ptg/si
is to understand their birth, evolution, and deeand their production of transient, energetic atgtiv

Manifestation of solar activity is shown as solative regions which are three dimensional
plasma structures of high density, temperature raadnetic field located above sun spdgadio
observations of the solar active regions show ngitticture components of the plasma structures
generated by different mechanism thermal and nemthal in origin. The classification of these
components and their mechanism depend on the ignaapservations at many frequenci¥ghen
observed atentimeter wavelengths, a typical solar activeaegionsists of a bright compact source
embedded in a diffuse component of low brightn&ks. Active regions in this Figure 4 show 2 bands
symmetric about the equator. The compact sourceesmonds to the positions of strong magnetic
fields.

Fig. 4 - Brightness distribution of the Sun shows that the bright features, the solar active regions, form
two bands symmetric about the solar equator (Dulk and Gary).

With brightness temperature of Tb ~°1K, the compact sources are due to gyro resonance
emission at low harmonics of the local gyro fregreriThe diffuse component which is very well
correlated with the H-alpha plage is associatetd witaker magnetic fields. The low brightness (Tb ~
10° K) of the diffuse component is due to the optigahin thermal bremsstrahlung. The relative
importance of the compact and diffuse sources igeleagth dependent. Diffuse components have
spatial scale of the whole active regions of < k. This component is especially typical for
wavelength range of 8- 12 cm and longer. The dizetive region at 1.5 GHz ~ 100 arc sec and their
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sizes depend on the wavelength of observation (eaed., 1998). Study of Active Region Magnetic
Field Structures Using VLA Radio, YOHKOH X-ray aMEES Optical Observations were made by
Gopalswamy et al. (1994). Full disk VLA images at@n wavelength revealed a number of compact
(10" — 20”) low brightness sources which were thdio counter parts of EUV bright points detected
by EIT (Lang and Wilson, 1997). Statistical anadysf Active regions at 21 crshows an electron
temperature- 4.5 MK, Emission measure of*610°® cni® and density 1.%10° cnmi®. Observations at
91cm using VLA have showed large sale (5- 10 am)nfiat appear to connect widely spaced active
regions on the solar surfadd.A observations at 20 cm shows also shorter (&rc2min) loops above
individual active regions that evolve in time ssat¥# minutes to hourfadio observations with the
VLA have given information on the size, locationsaime evolution of active regions. It has been
found that observation of the variation of the sif¢he gyro resonance source with frequency shows
an exponential relationship between the area amélemagth.

CONCLUSIONS

The radio emissions at decimetric wavelengths oaig in the upper chromosphere and base of
the Corona. Their study is important since the lacaton of electrons takes place in these regions.
Using spectrographs and imaging instruments, aetdilvestigations had been made to understand the
physics of active regions.
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