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Abstract 2. Radiation transfer equation

In this work, the transfer of polarized radiation is de-
scribed in terms of the Stokes parametdig), U, V).
The transfer equation may be written in the form [2, 3]

We perform 3D simulations of gyrosynchrotron emis-
sion from solar flaring loops. The full polarization
transfer equation is solved; the radio brightness maps
and spectral dependences of the Stokes parameters of

the emission are obtained. We discuss the conditions I Sr

required to detect the linear polarization of the solar Q _ Sq

microwave emission by the existing and perspective  dz U Su

instruments, as well as the information that could be Vv Sv

inferred from such ob_servat_ior)s. The numerical ches wro Ho Lo v I

for calculating the radio emission are available online. oo rv  —ru Q o
Hu  —Tv I rQ U |’
py Ty —TrQ 1%

1. Introduction
. . . . where the coefficient$; o v describe the process
_Gyrosynch_rotron microwave emission cor_1ta|ns highly ¢ spontaneous emission, the coefficients,. .1 de-
important information about the energetic electrons, gqijne the radiation absorption, and the coefficients
plasma, and magnetic field in solar flares. A number , = describe the change of the polarization state
of new multiwavelength radioheliographs (EOVSA, e to Faraday rotation. We developed a numerical
USSRT, EVLA, CSRH) are currently being const- .,qe for integrating the transfer equation (1) in an
ructed and we can expect that the new data with un-;,nomogeneous medium. The spontaneous emission
precedented spectral, spatial, and temporal resolutlonand absorption coefficients are computed using fast
will soon become available. In order to understand the(?yrosynchrotron codes [4].

obsl_ert\_/atlpgsla?dr:nfe;ttrr:e rsﬂqurce paranr;_ete_rs, \;vek_r;ee The mentioned code has been used to calculate the
reafistic simuations ot the microwave emissiontaking ¢ yissjon from a coronal flaring loop with the dipole-

into account 3!3 structure of the actl\{e reglqn. like magnetic field. The energetic electrons in the loop
Mode coupling and Faraday rotation during propa- 5re assumed to have the loss-cone distribution; their

gation significantly affect the emission properties. In gensity decreases exponentially with the distance from

particular, crossing the regions of transverse magneticine oop axis. The thermal plasma is assumed to have

field can reverse the sign and/or reduce the degree ofyifterent densities, temperatures, and height scales in-
the circular polarization. Thus the propagation effects gjge and outside the loop.

must be included into the simulation model.

Linear polarization of the solar microwave emission
has been detected only occasionally (e.g., [1]), since
the spatial and spectral resolution of most of the exist-
ing instruments is believed to be insufficient for such
obse_rvat_lons. Realls_tlc 3D S|mu|at|o_ns of the linear entations of the flaring loop have shown that:
polarization are required to better estimate the neces- . o

. : — The circular polarization is strongly affected by
sary instrument parameters and to interpret the obser- - . L ;

: ; the regions of quasi-transverse magnetic field, in ac-
vations of the future instruments (e.g., EOVSA) capa- cordance with the mode-counling theor
ble to measure the full set of the Stokes parameters. pling Y:

3. Results

An example of the simulation results is shown in Figs.
1-2. Simulations for the different parameters and ori-
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Figure 1: Two-dimensional radio brightness maps (the Stpkeameters) of a flaring loop at a fixed frequency. The
areas which are brighter or darker than the background sjorel to the positive or negative values, respectively.
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Figure 2: An example of spatially resolved emission spectfeorresponding to the point in Fig. 1 where the total
linear polarization is the highest). a) Emission inten§BjokesI). b) Circular polarization degre¥é/I. c) Char-
acteristics of the linear polarizatiap/I andU/I and the total linear polarization degré¢l = /Q? + U2/1I.

— The linear polarization can be non-negligible only IDL or Python. These libraries together with the re-
in the regions around the magnetic neutral lines. spective documentation are available at the web site
— The linear polarization degree reaches its maxi- st ar. ar m ac. uk/ ~aku/ t r ansf er/. The code
mum near the emission intensity spectral peak. can be used not only for solar flares, but also for active
—The linear polarization oscillates rapidly with both  stars, planetary magnetospheres, etc.
the frequency and the spatial coordinates.
— Although the total linear polarization degree at a A cknowledgements
given point and frequency can be rather high50%),
the averaging in frequency and/or spatial coordinates The author thanks the Leverhulme Trust for financial

can significantly reduce the observed polarization. support.
— In particular, the spatial resolution required to de-
tect the linear polarization in the case shown in Fig. 1
p 9 - References

is about 1” or better. However, for some orientations
of the flaring loop, the Stokes parametéandU can

be relatively constant in larger areas thus making the
polarization detectable by the instruments with lower
resolution (e.g., in the event reported by [1]).
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The code for integrating the radiation transfer equation 1127

is implemented as the binary libraries callable from



