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Abstract. Here we present an analysis of microwave emission spectra from flare-productive
active regions (FPAR). For that we used regular observations in a wide frequency range with high
spectral resolution and polarization sensitivity made with the RATAN-600 radio telescope. The
multi-frequency observations make possible to detect small changes of magnetic field structures
at different heights of the solar atmosphere. Observations with RATAN-600 and other large
radio heliographs revealed an existence of narrow-band irregularities in the circular polarization
spectra of FPARs radio emission. The new receiver complex, recently installed at RATAN-600,
significantly improves its technical capabilities for the FPARs further study. Now it provides
1% (or 100 MHz) resolution in the frequency range from 6 GHz to 18 GHz in simultaneous
registration. We present some observational results obtained with this new equipment.
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1. Introduction

Radio methods provide a lot of information on coronal magnetic structures, not ac-
cessible from the X-ray or EUV wavelength observations. In particular, radio observa-
tions provide several methods of magnetic fields strength direct measurement (Gelfreikh
(1999), Ryabov et al. (1999), Kundu & Alissandrakis (1984)). However, the unique pos-
sibilities provided by radio astronomy in studying the structure and physical processes of
solar active regions on the levels of upper chromosphere and the low corona, are bounded
by instrumental limitations. For the reconstruction of detailed 3D structure and dynam-
ics of active region magnetosphere, a detailed spectral and polarization analysis in a
wide wavelength range, with a high polarization sensitivity is required. This could not
be reached by large radio heliographs, because they provide a high spatial and tempo-
ral resolution, but could not provide relevant spectral resolution and coverage, and also
they are limited in polarization sensitivity. Only two large radio telescopes RATAN-600
(Korol’kov & Parijskij (1979)) and OVSA (Hurford (1984)), having moderate spatial
resolution, completely cover the frequency range 1-18 GHz. In this range of microwave
frequencies the active region’s gyroresonance emission is detected. This is the main mech-
anism of emission during the active region evolution, up to the start of the impulse phase
of a flare. The low harmonics of the range of magnetic field strengths found in the corona
(up to 2500 G) correspond to this range of microwave frequencies. In the case of flare
and preflare processes the gyrosynchrotron mechanism is possible also.
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Figure 1. Left: High frequency effect of polarization brightening Right: Middle frequency
effect of formation of the band of polarization depression.

2. RATAN-600 data

The RATAN-600 is a reflector type radio telescope with 600 meters diameter. It has the
large effective area (about 1000 m?) and wide frequency limits (from 1 GHz to 40 GHz).
RATAN-600 spatial resolution (about 15 arsec at 15 GHz) is quite moderate compare to
modern radio heliographs, but its sensitivity (fractions of s.f.u.) and polarization mea-
surement accuracy (less than 1%) are rather high. Another important feature of the
instrument is the possibility to operate in quasi-tracking regime, providing up to 61 1D
images of the Sun with 4 minutes interval. At the same time, main limitation is the diffi-
culties to construct the frequent 2D images. Although when concerning the active region
study, the approximation of circular symmetry of active regions works well. In addition,
the high spectral resolution about (now about 1%) in the range from 6 GHz to 18 GHz
allows to receive new observational data from the low corona plasma structures.

3. Spectral polarization features of FPARs

Starting from the year 2000, we have analyzed a number of active regions in the
sense of their spectral polarization features and their relationship with powerful flares
occurrences. The statistical study revealed an existence of narrow-band irregularities in
the circular polarization spectra of flare-productive active regions, in opposite to regular
common spectra of stable active regions which produce no powerful flares. These active
regions are characterized by a following spectral features (Bogod & Tokhchukova (2003),
Tokhchukova & Bogod (2003)):

e increase (or reversal) of a polarization at high frequencies (within 17-10 GHz band);

e depression of polarization (up to depolarization) in a narrow frequency band (within
6-15 GHz);

e appearance of narrow pointlike sources with multiple polarization inversions

Figure 1 demonstrates two examples of the early preflare stage manifestations, which
occur only in flare productive active regions on the preflare stage of their evolution.

Interpretations for some of these these polarization peculiarities were proposed in sev-
eral papers (Zlotnik (2001), Yasnov et al. (2005), Kaltman et al. (2005)) which suggest a
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Figure 2. 1D images of the Sun with the upgraded RATAN-600 observational technique in the
range 6-18 GHz. Spectral resolution between channels is 1%. The Flare-productive AR 10780
shows a complex polarization structure on spectrum.

number of different reasons which might cause the unusual polarization behavior. For in-
stance, the double inversion of polarization on spectrum could be explained by suggesting
the existence of some layer both with temperature gradient inversion or non-homogeneous
magnetic field distribution in the active region atmosphere. Detailed spectral analysis in
wide frequency range is needed for the reconstruction of non-homogeneous plasma pa-
rameters (magnetic fields, electron density, temperature) profile on the height of solar
atmosphere. When studying stable sunspot associated sources of radio emission, 5% spec-
tral resolution is good enough (and necessary) to measure magnetic fields in the corona.
But in the case of the newly revealed fine spectral effects, when we observe multiple
inversions of polarization at adjacent frequencies, it is required more detailed analysis of
spectrum. There are more tasks which require higher spectral resolution, for instance,
studying the cyclotron maser emission. The new spectral-polarization receiver complex
installed at RATAN-600, we hope, gives us the unique opportunities for the detailed
coronal magnetography.

Figure 2 shows an example of observations with the RATAN-600 new receivers tech-
nique, at 64 wavelengths in the range from 6 GHz to 18 GHz. Below the SOHO MDI
magnetogram is provided for comparison. The structure of the AR 10780 looks quite
similar at all frequencies in the channel of intensity, while in the polarization channel
one can see the displacement of the emission source at several frequencies, and also the
polarization inversion at high frequencies, where the emission is weaker. At this picture
it is difficult to distinguish the higher frequencies because in comparison with the lower
part of the spectrum their emission is much weaker. On the Figure 3 one can see the
spectrum of this AR, where the polarization inversion is more evident.

Actually, now during the minimum of solar activity cycle we will try to use the new
Spectrum Analyzer for study the separate active regions though the probability of strong
active events is not high.
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Figure 3. Intensity (left) and Polarization (right) spectra of the AR 10780. Note the
polarization reversal around 10 GHz.

4. Conclusions

Further progress in the development and application of the observational techniques in
the microwave range is a promising goal in the physics of the sun. For better understand-
ing of physical processes, leading to big flares, the reconstruction of coronal magnetic
fields strength and structure on the levels of chromosphere-low corona levels is needed.
Besides a high spatial resolution and sensitivity, a fine spectral analysis technique in
a wide frequency range is necessary. The new receiver complex with detailed spectral-
polarization analysis recently developed and installed at RATAN-600, is a step toward
to this goal.
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