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Abstract

The distribution of polarized component of the solar radio emission at wavelength of lambda = 1.76 cm over the solar disk was studied using the observations of the Nobeyama radio heliograph. The latitude-time diagrams of the circular polarization were constructed for the period of the years 1992-2003. The method of averaging has been applied for the noise reduction using several images per day and a filtration of images. The high-altitude drifts of the polarized radio emission have been allocated both at latitude band of sunspots and at higher latitudes. The magnetic field reversal of the large-scale magnetic field was found as manifested in polarization of radio emission of the Sun during cycles of solar activity numbers 22-23. The analysis of polarization of radio emission for the structures of various brightness temperature has been carried out. Comparison of the radio method of analysis of the global variation of the solar magnetic fields with the phase of cycle with the results found from the optical observations confirmed its effectiveness. 
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Abstract

We present the results of Fourier and wavelet time series analysis for the high-cadence observations of an active region NOAA 8011, obtained with the Nobeyama Radioheliograph (NoRH) at the wavelength of 1.76 cm on 17.01.1997. Oscillations in brightness are found to be present with periods in the range from minutes to hours. The relationship between the active region oscillations in the microwave total intensity (I) and circular polarization (V) emission and changes of the magnetic field, deduced from the high-resolution magnetograms from MDI/SoHO, is investigated. We concentrate on the identification of different oscillation modes, the temporal behavior of the oscillations and the spatial distribution of different oscillating frequencies. 
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Abstract

A series of coronal magnetograms, related to the active region NOAA 9068 is derived using the effects of the quasi-transverse (QT-) propagation at microwaves. In the assumption that the product of the electron density N and the scale of magnetic divergence L_d is constant and equal to 10^{18} cm^{-2}, the sensitivity of the measurements peaks at B(G) approx 180 lambda^{-4/3} (cm), where lambda is the observational wavelength. The radio maps of the Sun taken with the Solar Siberian Radio Telescope (SSRT) at lambda = 5.2 cm were sampled and converted into the 2D coronal magnetograms supplying absolute values of the total magnetic vector ec B in the range 10-30 G. Each coronal magnetogram covers the portion of the microwave source in the active region affected by the QT-propagation conditions in the corona. 
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Abstract

Localized increase of the magnetic field observed by routine methods on the photosphere result in the growth of a number of active processes in the solar atmosphere and the heliosphere. These localized regions of increased magnetic field are called active regions (AR). The main processes of transfer, accumulation and release of energy in an AR is, however, out of scope of photospheric observations being essentially a 3D-process and happening either under photosphere or up in the corona. So, to investigate these plasma structures and processes we are bound to use either extrapolation of optical observational methods or observations in EUV, X-rays and radio. In this review, we stress and illustrate the input to the problem gained from radio astronomical methods and discuss possible future development of their applicatications. Historically speaking each new step in developing radio technique of observations resulted in detecting some new physics of ARs. The most significant progress in the last few years in radio diagnostics of the plasma structures of magnetospheres of the solar ARs is connected with the developing of the 2D full disk analysis on regular basis made at Nobeyama and detailed multichannel spectral-polarization (but one-dimensional and one per day) solar observations at the RATAN-600. In this report the bulk of attention is paid to the new approach to the study of solar activity gained with the Nobeyama radioheliograph and analyzing the ways for future progress. The most important new features of the multicomponent radio sources of the ARs studied using Nobeyama radioheliograph are as follow: 
1. The analysis of magnetic field structures in solar corona above sunspot with 2000 G. Their temporal evolution and fluctuations with the periods around 3 and 5 minutes, due to MHD-waves in sunspot magnetic tubes and surrounding plasma. These investigations are certainly based on an analysis of thermal cyclotron emission of lower corona and CCTR above sunspot umbra.
2. Magnetography of the solar active regions presenting the weak magnetic fields (with the sensitivity of several G) reflecting longitude component of the magnetic field in chromosphere and corona and solar faculae structure. The method is based on an analysis of the weak polarization (of the order of 1% or less). 
3. An analysis of the structure, temperature, and density of arches seen above neutral magnetic field lines (seen in most ARs with spots and without ones). 
4. Study of temporal and spatial behavior of inversion of the sign of the circular polarization with the result of magnetography of the solar corona.
5. An analysis of the solar activity at high heliographic latitudes, observed mostly as polar faculae (increased brightness structures having counterparts in optical white light observations). In modern study of the solar activity analysis of the activity of polar zones are of principal importance. Nobeyama probably presents the most reliable way to study this. The above points present not exactly completed results but rather the directions for future studies. These should use full time coverage of observations at different phases of the solar activity and combination of observations with other radio, optical, EUV and X-ray observations whenever possible. 
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Abstract

Radio-astronomical measurements are the most direct and reliable way to investigate magnetic fields in the corona and the chromosphere-corona transition region of the solar atmosphere. It is noted that considerable progress has been achieved in this area by means of spectral polarization observations using the RATAN-600 radio telescope. Weak fields of plages and coronal condensations (1-30 G) can be measured from the polarization of thermal bremsstrahlung; fields at the base of the corona above sunpots (2000 G) can be measured according to the critical wavelength of the appearance of the cyclotron radiation of hot thermal electrons; the fields of active regions at heights of 50,000-100,000 km can be measured using observations of polarization inversion in regions of quasi-transverse magnetic fields of 10-50 G. The basic formulas for the analysis of these phenomena are presented, and results of radio-telescope observations are examined. 
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Abstract

The observations of the solar magnetic fields is one of the most important basics for study of all important processes in structuring the solar atmosphere and most kinds of the release of the energy. The radio methods are of the special interest here because they gain the information on the magnetic field strength in the solar corona and upper chromosphere where traditional optical methods do not work. The construction of the Nobeyama radio heliograph opens a new era in usage radio methods for solar radio magnetography due to some unique property of the instrument: - The 2D mapping of the whole disk of the sun both in I and V Stokes parameters with resolution of 10 arcsec. - Regular observations (without breaks due to weather conditions), eight hours a day, already for seven years. The most effective and representative radio method of measuring the solar magnetic fields is to use polarization measurements of the thermal bremsstrahlung (free-free emission). It is applicable both to analysis of chromospheric and coronal magnetic fields and presents information on longitude component of the magnetic field strength in solar active regions. Three problems are met, however: (i) One needs to measure very low degree of polarization (small fraction of a percent); (ii) To get the real value of the field the spectral data are necessary. (iii) While observing an active region on the disk we have got the overlapping effects on polarized signal of the chromospheric and coronal magnetic fields. To get higher sensitivity the averaging of the radio maps over periods of about ten minutes were used with the results of sensitivity on V-maps of the order 0.1%. Observations for a number of dates have been analysed (August 22, 1992, October 31, 1992; June 30, 1993, July 22,1994, June 15, 1995 and some more). In all cases a very good similarity was found of the polarized regions (V-maps) with the Ca^ + plages in form and total coincidence with the direction of the magnetic fields on the optical magnetograms of the same active regions. For rough estimation of the magnetic field strength an a priory value of spectral index (n ~1) was used with more or less reasonable result. The value of the longitude component of the magnetic field is obtained using the solution of the equation of transfer of the radio waves in thermal plasma, which can be written in the form: B_l = frac{107}{lambda cdot n}cdot P%, where spectral index n and degree of polarization P% are to be found from observations. In case of coronal magnetic fields n = 2 for optically thin structure, so the spectral data can be omitted. To make a more detailed analysis including separate estimation for both chromospheric and coronal magnetic field distributions we may use some additional information from spectral (but one dimensional) observation made with the RATAN-600 or Pulkovo radio telescope. Also methods of stereoscopy are in some cases effective (in this case we need observations of a stable active regions for several days). However, these methods will be discussed in another paper. This work is supported by RFBR Grant No. 96-02-16268 and GKNT 1.5.4.6. - program ''Astronomy''. 
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Abstract

The microwave circular polarization of the active region (AR) NOAA 7260 on 21-23August 1992 is analyzed. Two-dimensional images at 1.76cm with spatial resolution of theta=10'' from the Nobeyama radioheliograph and one-dimensional scans at 9wavelengths in the range of 1.81-3.43cm and theta=16.3''-31.1'' from the radio telescope RATAN-600 were used. An inversion of the sense of circular polarization through the wavelength range was recorded on 22August. It is shown that both the wavelength and the time dependence of the inversion are consistent with quasi-transverse (QT) propagation of the radiation in the solar corona. From this, the strength of the coronal magnetic field in the active region was found to be H=20-65G at a height of h= (5.7-8.7)x109cm above the photosphere on 22 and 30August and 125G at the lower height of (3.7-6.4)x109cm on 23August. We present a new technique, based on the radio mapping (in both StokesI and V) of an AR undergoing circular polarization inversion; applying this method to the Nobeyama data we obtained, for the first time, a magnetogram of the coronal magnetic field. For AR7260 we found values in the range of 70-100G at heights of (4-6)x109cm on 23August, adopting a constant value of NLalpha (where N is the electron density and Lalpha is the scale of the coronal field divergence) of 2.5x1018cm-2. We compare our results with force-free extrapolations of the photospheric magnetic field from a MSFC magnetogram obtained on 20August. 
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Abstract

Using the biggest reflector type RATAN-600 radiotelescope we study the low corona oscillations in the range from 1.67 cm to 32 cm at 40 waves simultaneously. During last two years a new opportunity in the form of multiple azimuth observations at this instrument was realized. Now we covered the time interval from 6:30 UT to 11:30 UT with 4 minutes cadence in azimuth observations. The combination of high sensitivity with temporal study opportunity allow to detect the different type of oscillations in wide frequency range to differentiate the own sunspot resonance oscillations with Langmuir and Alfven waves during their passage through active region magnetosphere. The temporal spectral and polarization analysis of local places of the solar disc allow to do the plasma diagnostics on the chromosphere low corona and transition region levels between them and to study the processes of energy transfer to solar wind. Up to now the oscillations with time periods of 80 minutes and 50 minutes were discovered at several centimeter wavelengths both in circular polarization and intensity channels with high reliability. The regular spectral observations show the high efficiency of solar radio astronomy method for study of weakest oscillations in solar atmosphere 
