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A Study of the Radio Brightness in the Sun’s Polar Regions to Derive the Polar Magnetic Field Strength

A Proposal to AFOSR for Scientific (6.1 level) Research

Summary

Observations of the polar magnetic fields of the Sun are a key driver for coronal and solar wind models. Because their proximity to the limb, these fields are difficult to measure reliably. Preliminary results indicate that solar radio measurements may be used to infer solar polar fields and resolve discrepancies between direct observations made by different observatories. We propose to investigate the origins of radio emission in the polar caps and to assess the use of polar radio flux as a reliable proxy for the magnetic field measurements used to drive space weather models. 

1. Solar polar magnetic field measurements are crucial for space weather models
Photospheric field observations are the principal input to all coronal and solar wind space weather models. These models are especially sensitive to the field values at the Sun's poles, and therefore, it is crucial that these fields are determined as accurately as possible (C. N. Arge, M. J. Owens, V. J. Pizzo, Modeling the Corona and Solar Wind Using Polar Field Corrected Synoptic Maps, Space Weather Week, Boulder, 2006).  

2. Polar field measurements are difficult to make and differ from observatory to observatory
It is no small problem then that measurements of the line-of-sight (LOS) photospheric field near the Sun's poles are often highly unreliable because of their close proximity to the limb and because the Sun's rotation axis is inclined 7.16° to the ecliptic plane. As a result, only a small component of the field vector is directed toward the observer and the magnitude of the measured LOS polar fields is often of the same order of magnitude as the noise level of solar magnetographs. Scattered light (due to both weather and the instruments themselves) further tends to dilute the measured polar fields. Thus measured polar field magnitudes can vary from observatory to observatory. 

Arge et al. (above reference) attempt to overcome these problems by fitting a smooth curve to the long-term (years) variation of measured polar fields using only data for times when the poles were tipped towards to earth. This unfortunately suppresses any real shorter-term variations of the polar fields. It is therefore of considerable interest to find a low-noise, real-time measure of the polar fields. 

3. Solar radio measurements may be used to infer solar polar fields and resolve discrepancies between direct observations
Recent work by Svalgaard (L. Svalgaard, Cycle 24: Smallest in 100 years, or "What we think we know about the sun's polar fields", Space Weather Week, Boulder, 2006) has shown that the radio heliographic maps (see Figure 1) of the sun in 17 GHz radio waves obtained from the Nobeyama Radio Observatory in Japan may be used to deduce a reliable value of the polar field strength.
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Figure 1. The Nobeyama 17 GHz radio brightness temperature measured around the solar limb from 1992 to the present. Note the “butterfly” diagram of active regions and faculae near the West and East limbs. The faculae in the Polar Regions are clearly seen within the two yellow ovals at position angles 90 degrees (North Pole) and 270 degrees (South Pole).

On radio maps, solar active regions show as bright areas. Since solar faculae (the bright regions surrounding sunspot groups) are manifestations of magnetic field concentrations, the faculae show as bright "patches". There are also faculae in the Polar Regions. These are most numerous and prominent near the minimum (e.g., 1996, 2007) of the sunspot cycle (yellow ovals in Figure 1). During polar field reversal (1999-2002), the polar faculae are few and of both polarities. At other times, all faculae within a given polar cap are believed to harbor magnetic fields of the same polarity.

At present, the emission mechanism of the patchy bright 17 GHz component from the solar polar regions is somewhat of a mystery. For gyrosynchrotron emission, we need large numbers of very high-energy electrons (a non-thermal tail or power-law energy distribution is required). These are easily produced during the impulsive phase of solar flares, but are not present in non-flaring (mid-latitude) active regions and are even less likely to be present above polar faculae. At lower temperatures (~ 1 million K), EUV images show polar plumes originating from or near polar faculae. It is difficult to explain bright microwave emission from these plumes by thermal free-free emission, because they are simply not hot enough.

Solar radio emission is characterized by its equivalent "brightness temperature" which is proportional to the radio flux at the wavelength of observation. Our preliminary work has shown that the brightness temperature integrated over the polar cap is strongly correlated with the integrated magnetic field over the cap observed at solar observatories (Figure 2), allowing us the express the brightness as an equivalent (or effective) magnetic field strength. Most significantly, the effective magnetic
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Figure 2. Solar polar magnetic fields derived from Nobeyama radio data compared with those measured at the MWO and WSO solar observatories. Red and blue ovals indicate possible data calibration problems.

field strength varies smoothly with time without the large scatter so typical for the solar magnetograph data (Figures 3). We interpret that as an indication that the radio flux gives us a more stable and reliable value for the polar fields. This is precisely what is needed to reconcile discrepancies between the solar magnetic observations and to improve predictions of space weather models of the solar wind. 



Figure 3. (Top) the brightness temperature from Nobeyama 17 GHz radio data. Blue curve - Northern polar cap. Red curve - Southern polar cap. Note the strong annual modulation due to the tipping towards/away of the sun’s rotation axis as seen from the earth. (Bottom) the polar fields measured at the Wilcox Solar Observatory (WSO). Note the spikes caused by bad weather and the equipment problems (oval) around ~2001.

4. We propose to do the following:
1) To investigate the emission mechanism giving rise to the 17 GHz radiation in the polar faculae and to determine the magnetic field strength independently of the Zeeman-effect technique used by solar magnetographs. This would serve as a valuable check on the measured field strength that at this point in time is uncertain by about a factor of two. 

2) To model the distribution of the radio patches from observations and to derive the integrated magnetic flux, either supported by the physics learned in item 1, or by empirical methods.

3) To provide the polar fields so derived to the solar wind modelers with the goal of verifying that, indeed, better polar fields lead to better prediction of the solar wind.

We have already had informal and encouraging discussions with K. Shibasaki (the director of Nobeyama Solar Radio Observatory) and with C. N. Arge (solar wind modeler at AFRL) on the feasibility and value of this approach. 
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