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Abstract Based on Dulk and Marsh’s approximate theory about nonthkggrosyn-
chrotron radiation, one simple impulsive microwave burisha loop-like structure is
selected for radio diagnostics of the coronal magnetic &alticolumn density of non-
thermal electrons, which are calculated from the brigtgrtesperature, polarization
degree, and spectral index, as well as the turnover frequebserved by using the
Nobeyama Radioheliograph and the Nobeyama Radio Polaimeespectively. Very
strong variations (up to one or two orders of magnitude) efdalculated transverse
and longitudinal magnetic fields with respect to the linesight, as well as the cal-
culated electron column density, appear in the looptop aontpbint sources during
the burst. The absolute magnitude and varied range of theviease magnetic field
are evidently larger than those of the longitudinal magniéid. The time evolution
of the transverse magnetic field is always anti-correlated that of the longitudi-
nal magnetic field, but positively correlated with that of thlectron column density.
These results strongly support the idea that quantifyiegetinergy released in a flare
depends on a reconstruction of the coronal magnetic fiefgagally for the trans-
verse magnetic field, and they are basically consistentthiétrecent theoretical and
observational studies on the photospheric magnetic fiesalar flares.
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1 INTRODUCTION

The solar coronal magnetic field and associated nonthereetrens are widely considered to be
fundamental to the understanding of the physics of solaedlafFor the diagnostics of a coronal
magnetic field, most studies pay particular attention toetkieapolation from an observed photo-
spheric magnetic field, which can effectively show the catomagnetic field configuration to check
where solar flares possibly take place. However, the timiati@an of a photospheric magnetic field

is mostly much slower than that of corresponding flares. @rother hand, most flares take place in
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the higher solar atmosphere, i.e. in the solar corona, whereoronal magnetic field may change as
fast as flares. For instance, such a fast variation may lggetrégl by the magnetic reconnections, due
to the induced electric currents in the reconnection sifdtaong loop systems, which cannot be
observed directly, and are not actually considered in the&pglation of the coronal magnetic field.

There are a series of papers studying the coronal magnétiafiel nonthermal electrons with
radio data. For instance, Kundu et al. (2004) compared tie cbservations with gyrosynchrotron
(GS) model loop calculations in a single flaring loop, in whibe variation of the magnetic field
along the loop is small and the loop is filled with electronghwenergies up to 10 MeV. Simdes &
Costa (2006) analyzed the spectral and spatial charaaterg GS emission and the polarization of
solar bursts in a highly inhomogeneous medium, and fourtchtBpectral broadening occurs due to
the spatial and intensity inhomogeneity of the magnetid faald lack of center-to-limb variations,
which cannot be explained by homogeneous source modelzakiset al. (2008) found optically
thin emission from the top of the loop in 36% of single-loopets selected from a total of 103 flares
that occurred relatively close to the limb, with a model ttadies into account both anisotropies in
the distribution function of nonthermal electrons and temelution that can reproduce the observed
transition from footpoint to looptop morphology. Fleishm& Kuznetsov (2010) recently developed
approximate GS codes capable of quickly calculating the @Sson (in the non-quantum regime)
from both isotropic and anisotropic electron distribuon non-relativistic, mildly relativistic, and
ultrarelativistic energy domains applicable throughobit@ad range of source parameters including
dense or tenuous plasmas and weak or strong magnetic fields.

Based on the spectral observations of solar microwavedanst nonthermal GS theories, a se-
ries of studies done by the authors have contributed to tfie chagnostics of the coronal magnetic
field and nonthermal electrons (Zhou & Karlicky 1994; HuangBou 2000; Huang & Nakajima
2002; Huang et al. 2005, 2008; Huang 2006, 2007, 2009). Ukimgbserved brightness tempera-
ture, polarization degree, spectral index and turnoveyueacy in solar microwave bursts, we may
derive three equations of the coronal magnetic field strenigé angle between the the coronal mag-
netic field and the line-of-sight, and the column densityafithermal electrons in the burst sources
(Huang 2006), self-consistently from the nonthermal G#&dae derived by Dulk & Marsh (1982)
and reviewed by Dulk (1985). Hence, we can further obtaindamponents of the coronal magnetic
field, respectively longitudinal and perpendicular to tinedof-sight, which are actually sensitive to
the observed brightness temperature, polarization degpsetral index, and turnover frequency
during the microwave bursts in our studies.

A 2-D vector magnetogram and density distribution of nontied electrons from radio diagnos-
tics were first presented in Huang et al. (2008), in a micr@\mwst source of the 2004 November
1 flare. The most interesting result in this flare is that thepeedicular or transverse magnetic field
increases impulsively from several tens to one thousang$@ust along the magnetic neutral line
of the SOHO/MDI magnetogram in the preflare phase. Such ati@mnitakes place almost at the
same time when the speeds of converging motion between talplh conjugate kernels and de-
scending motion of a radio looptop source, as well as theofadecrease for shear angle, reach their
maximums (Ji et al. 2006). The fast variation of the transg@nagnetic field may be considered as a
direct signature of magnetic reconnection in this flare gfivelieve that the nonthermal GS formulae
of Dulk & Marsh (1982) are applicable in this case.

In this paper, we try to develop the method in Huang (2006), tarapply the new method to
some spatially resolvable microwave bursts observed @i ¢iieyama Radio Observatory. Section 2
gives the derivation of fundamental equations for the raifgnostics. Sections 3 and 4 introduce
the telescope and the principles for data selection, réispc Section 5 shows the results in the
selected event. Section 6 contains a discussion of the resirits in the selected event, in compar-
ison with recent studies of the photospheric magnetic feeddyell as the applications of Dulk and
Marsh’s theory. A brief summary is given in Section 7.
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2 EQUATIONS USED IN THE CALCULATIONS

There were three equations derived in Huang (2006) for tmenad magnetic field strengthB),
the angle €) between the coronal magnetic field and the line-of-sighd, e column density of
nonthermal electrons\(L) from the nonthermal GS formulae in Dulk & Marsh (1982):

—(0.30 + 0.986) log (1> +log(NL) = 2.41 + 0.226
vp

+(0.09 — 0.720) log(sin 0) + (1.30 + 0.986) logv, — (0.30 + 0.986) log v, (1)
(0.22 + 0.906) log (Vi> +log(NL) = —6.89 + 0.520
B
+(0.43 — 0.656) log(sin 0) + log Ty, + log v, (2)
0.782—0.545 cos 0
= 1.96 x 100-0350-0.071cos6 (¥ 3)
c . U5

Here,v, v, andvp = 2.8 x 10°B are the radio frequency, the turnover frequency in micrenspec-
tra and the electron gyrofrequency in the microwave bunstcs respectivelyly,, is the brightness
temperature at the given frequengyandr. is the polarization degree of the microwave emissions.
The relationship between the emission spectral indeand electron spectral indexis approxi-
mately given by =~ (1.22 — «)/0.9 (Dulk & Marsh 1982).

It is easy to cancdbg (NN L) in Equations (1) and (2), and to derive a new equationfand

r = cosf 5
A 0.5A45log(1 —
log <L> _ At 2log(l — @ ) 4
vp A3
We can also rewrite Equation (3) in terms of another equdtio? andx
v Ay —0.071z
1 == 7 5
°8 (uB) 0.782 — 0.545x ®)

Thus, we cancdbg (%) i.e. the only term withB in Equations (4) and (5), to obtain a nonlinear
equation ofz.

0.782A; — AsAy + (0.071A5 — 0.545A1)z + 0.545(0.782 — 0.5452) log(1 — 2°) = 0. (6)

All coefficients in Equations (4)—(6) only depend on a sedksbservable values, including v,
d(«), Ty, andr..

A; = —9.30+0.306 + (1.30 + 0.985) log <V1> +1log Ty , )
p

Ay = 0.34+0.075, (8)

As = 0.52 +0.086, (9)

Ay = 0.10 +0.0356 — log 7 . (10)

Under typical values ofy,, ., v, v, anda in microwave bursts, whepl <o <1 (0 <60 <),
we find that, in most cases, the left side of Equation (6) mamioglly varies from a positive value
to a negative value, which means that a unique solutionsfasEquation (6). For instance, we can
minimize the value of the left side of Equation (6)10~2 to estimate the solution @ Thus, we
can substitut® into Equation (4) or Equation (5) to calculate the solutiérBg and finally obtain
N L from Equation (1) or Equation (2).
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3 TELESCOPE

In recent years, new facilities of the Nobeyama Radiohetip (NoRH) have allowed us to simul-
taneously record images of solar flares at two high freqesndi7 and 34 GHz, with high angular
(7"-14") and temporal (0.1 s) resolutions (Nakajima et al. 1994fatn, the best spatial resolution
of 7/—14" is obtained at the local noons of every summer and in the Eféttion, but it is’”'—16"

in the N-S direction, which also depends on the imaging saréwHence, we have a chance to study
the slope of the microwave spectrum and the optical thickireslifferent parts of a flaring loop
(Kundu et al. 2001; Nindos et al. 2001; White et al. 2002). Epectral indices are obtained by
using an IDL procedure in the solar software package for theil in which the 17 GHz image is
convolved with the 34 GHz beam and vice versa, since the Nod&Hliferent sizes of the beam for
the 17 and 34 GHz images.

4 DATA SELECTION

From earlier statistics (Huang & Nakajima 2009), we sel#@é¢ NoRH events with a loop-like
structure or three distinguishable sources as one loopitpreo footpoints. In this paper, we plan to
study one example from the 24 events, based on the follovainditions. (1) The turnover frequency
is always smaller than 17 GHz, so that the frequencies of NGRtHand 34 GHz) are located in the
optically-thin part of a nonthermal GS spectrum, which isoatonfirmed by a negative spectral
index calculated by the data of NoRH at 17 and 34 GHz. (2) THat@an always has a right-hand
circular polarization, so that the microwave emissiongdaminated by the extraordinary modes for
a positive leading spot. (3) The brightness temperaturesnare tharb.0 x 10* K at peak times
for both 17 and 34 GHz, which are evidently larger than theg8un’s level ofl0* K in these two
frequencies of the NoRH. (4) The positional fluctuations aféb (also called the jitter effect) of
the NoRH is sufficiently small, so that the error in the spadtrdices caused by the jitter effect is
estimated as-0.3 by the calculations before and after the positional vategi (5) The location of
the microwave sources is far away from the solar limb, duéeéditmitations of Dulk and Marsh’s
approximations.

5 2003 OCTOBER 27 FLARE

A C6.2 flare in active region NOAA 10486 (S20E29) was recorogdsing the NoRH, starting at
01:34:53 UT, peaking at 01:35:31 UT and ending at 01:38:1100 2003 October 27. There are a
series of flares associated with CMEs in this active regisenlked by different space and ground-
based instruments, and studied by numerous papers, wtaahoalisted in the references of this
paper.

Figure 1 clearly shows a compact loop-like structure (ald@t40 arcset) in both NoRH 17
and 34 GHz images, with symmetric emissions in the two footgpbut slightly stronger emission
in the looptop around the peak time (01:35:33 UT) of the 20@®@er 27 flare. The contour shape
of the polarization degree (top-left panel) appears smtdathat of the calculated magnetic field
strength (top-right panel). It is interesting that the cams with higher levels are always located
on the outside of the contours with lower levels for both paktion degree and magnetic field
strength. The contour levels of the calculated propagatiangle (bottom-left panel) are mostly
larger than 50 in the burst source, which just implies that the transveragmetic field is larger
than the magnetic component longitudinal to the line-ghsi The contour levels of the calculated
electron column density (bottom-right panel) are rougldyniogeneous arourid'® cm—2.

Now, we first check the time evolutions of the observed brighs temperature and polariza-
tion degree of NoRH 17 GHz, as well as the calculated speicidiak from NoRH 17 and 34 GHz
emissions in one looptop and two footpoint sources of th&ZD&tober 27 flare, respectively shown
in three top, three middle and three bottom panels of Figuiti? a typical impulsive microwave
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Fig. 1 Top Left panel: Image of SOHO/MDI at 01:35:03.260 UT overlaid by NoRH 1%dlid) and

34 GHz @dashed) contours of 0.4, 0.6 and 0.8 times the maximum brightnespégature, and dot-
dashed contours of the polarization degree of 0.3, 0.4 &at@3:11:03 UT in the 2003 October 27
flare. One looptop and two footpoints are marked by LT, FP1FR®, respectivelylop right panel:
Image of NoRH 17 GHz overlaid by NoRH 34 GHz contousslid) of 0.4, 0.6 and 0.8 times the
maximum brightness temperature, and calculated magnelitsirength contoursd¢t-dashed) of
100 and 500 G at 01:35:33.992 UT in the 2003 October 27 fBotom left panel: Image of NoRH

17 GHz overlaid by NoRH 34 GHz contousnlid) of 0.4, 0.6 and 0.8 times the maximum brightness
temperature, and calculated propagational andi¢-dashed contours) of 10°, 50°, and 100 at
01:35:33.992 UT in the 2003 October 27 flaBettom right panel: Image of NoRH 17 GHz overlaid
by NoRH 34 GHz contourssflid) of 0.4, 0.6 and 0.8 times the maximum brightness temperatur
and calculated electron column densitipttdashed contours) of 1 x 108 em ™2 and1 x 10%° cm 2

at 01:35:33.992 UT in the 2003 October 27 flare.

burst with a lifetime of about one minute in the impulsive ghaand with similar peak times and
maximum emissions in the three sources. The time evolutidheopolarization degree is always
anti-correlated with that of the brightness temperaturh@three sources, with correlation coeffi-
cients of —0.376, —0.903 and —0.582. The spectral evolsiiorthe three sources have a common
and well-known soft-hard-soft or soft-hard-harder patter

Secondly, we check the time evolutions of the calculatedesbf the propagation angle, the
total magnetic field strength, and the electron column dgisthe three sources of the 2003 October
27 flare, respectively shown in three top, three middle arekthottom panels of Figure 3. Thus, we
may obtain the transverse and longitudinal magnetic fietti véspect to the line-of-sight, and the



220 G. L. Huang et al.

Brightness Temperature in LT Brightness Temperature in FT1 Brightness Temperature in FT2

4x107 3x107 2.0x107
£ £ £
2 3x107F B e 2 1.5x107 b
S S ]
K B 2x107F I
I o I}
& & g
£ 2x107F B £ £ 1.0x107F B
@ @ 2
o P »
3 8 1x10"F 1 8
3 g g
£ 1x10'F E = £ 5.0x10°F 1
o = =
& & &
Q . . . 0 . . . 0 . . .
01:35:00 01:35:20 01:35:40  01:36:00 01:35:00 01:35:20 01:35:40  01:36:00 01:35:00 01:35:20 01:35:40  01:36:00
Start Time (27-0ct-03 01:35:00) Start Time (27-0ct-03 01:35:00) Start Time (27-0ct-03 01:35:00)
Polarization Degree in LT Polarization Degree in FT1 Polarization Degree in FT2
0.5 T T T 05 T T T 05 T T T
® ® ®
— = — 0.4F |
» » 9
© 04F 1 O 04F b @
& = &
g b g
a a a8
c c c 0.3F k|
2 2 Q2
B osf E B osf 1 8
s s S 0.2fF B
S S S
< < <
0.2 . . . 0.2 . . . 0.1 . . .
01:35:00 01:35:20 01:35:40  01:36:00 01:35:00 01:35:20 01:35:40  01:36:00 01:35:00 01:35:20 01:35:40  01:36:00
Start Time (27—-0Oct—03 01:35:00) Start Time (27-0ct—03 01:35:00) Start Time (27-0ct—03 01:35:00)
Spectral Index in LT Spectral Index in FT1 Spectral Index in FT2
0.5 T T T 0.0 . T T 05 . T T
—-1.0p |
1o -0.51 bl
« . % « —1.5F |
i by i
2 2 -10p ] 2 o0b E
Earsly 1 e e
g g —1sf 1 G -25p E
& & &
o0k h| =30 |
20 bl
=35F |
-25 . . . -2.5 . . . -4.0 .
01:35:00 01:35:20 01:35:40  01:36:00 01:35:00  01:35:20  01:35:40 01:36:00 01:35:00 01:35:20 01:35:40  01:36:00
Start Time (27—-Oct—03 01:35:00) Start Time (27-0ct—03 01:35:00) Start Time (27-Oct—03 01:35:00)

Fig. 2 Top three panels: Brightness temperature of NoORH 17 GHz in the looptop andftetpoints
of the 2003 October 27 flar®liddle three panels: Polarization degree of NoRH 17 GHz in the loop-
top and two footpoints of the 2003 October 27 fldettom three panels: Spectral index calculated
by NoRH 17 and 34 GHz in the looptop and two footpoints of the0ctober 27 flare.

ratio between these two components in the three sourceg @03 October 27 flare, respectively
shown in three top, three middle and three bottom panelsgirEi4.

The transverse magnetic field in both the looptop and foatdomonotonically increases from
01:35:20 UT (start time of the burst), through the peak ti®#35:35 UT) until the decay phase
(01:36:00 UT), and its magnitude varies from several tenGaifiss to one thousand Gauss in this
duration. The transverse magnetic field in footpoint 2 \siepulsively, and reaches its maximum
(500G) just at the peak time of the burst. The variations eflingitudinal magnetic field in the
three sources are more complicated than those of the tnaeswgagnetic field, and always less
than one order of magnitude during the burst. The variatadribe electron column density in the
three sources are quite similar to those of the transvergmeatia field, and more than one order of
magnitude during the burst.

The most important feature in this event is that the mageitadd range of the transverse
magnetic field are always much larger than those of the lodgial magnetic field in the three
sources. In addition, the time evolutions of the longitadlimagnetic field in the three sources are
always anti-correlated with those of the transverse magfietd, with correlation coefficients of
—0.307, —0.456 and—0.801, respectively. On the other hand, the time evolution of teeteon col-
umn density is positively correlated with that of the traer®e magnetic field in the three sources,
with correlation coefficients ai.979, 0.980 and0.978, respectively.
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Fig. 3 Top three panels. Propagational angle calculated in the looptop and twpiots of the 2003
October 27 flareMiddle three panels: Total magnetic field calculated in the looptop and two foot-
points of the 2003 October 27 flarBottom three panels: Column density of nonthermal electrons
calculated in the looptop and two footpoints of the 2003 Oet®7 flare.

6 DISCUSSION
6.1 Main Results

The 2003 October 27 flare (Figs. 1-2) was a simple impulsivetbli is interesting that four im-
portant features appear in the calculated transverse agitudinal magnetic field, as well as the
electron column density in the looptop and footpoint sosires shown in Figures 3—4.

(1) The magnitude and range (i.e., the difference betweemthimum and maximum values during
the flare) of the transverse magnetic field are several tiarget than those of the longitudinal
magnetic field.

(2) The transverse magnetic field increases from seversldeGauss to several hundreds or even
one thousand Gauss during the burst, and reaches its maximthmpeak time or in the decay
phase.

(3) The time evolution of the longitudinal magnetic field I&/ays anti-correlated with that of the
transverse magnetic field.

(4) The electron column density rapidly increases sevarald or even by one order of magnitude
during the burst, and its time evolution is always positnarrelated with that of the transverse
magnetic field.
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Fig. 4 Top three panels: Transverse magnetic field calculated in the looptop andfbmtpoints of
the 2003 October 27 flardiddl e three panels: Longitudinal magnetic field calculated in the looptop
and two footpoints of the 2003 October 27 flaBettom three panels: Ratio between the calculated
transverse and longitudinal magnetic fields in the looptog t@vo footpoints of the 2003 October
27 flare.

6.2 Comparison with Photospheric Magnetic Fields

The main purpose of this paper is to compare the time evalsitid photospheric and coronal mag-
netic fields. All of the results in this paper strongly sugpbe back reaction by Lorentz forces on
the photosphere and solar interior by the coronal field géi@iurequired to release flare energy,
which should result in the magnetic field at the photospheining more horizontal (Hudson
et al. 2008; Fisher et al. 2012; Wang & Liu 2010). By contrts, radio diagnostics of the coronal
magnetic fields in this paper show a similar tendency. Howefiere are two evident differences
in the time evolutions of photospheric and coronal magrfegids. (i) The variation of the coronal
magnetic fields can be much larger than its initial valuestloeivariation of the photospheric mag-
netic fields is generally smaller than its initial value§. The variation of the photospheric magnetic
fields is permanent or irreversible, but the variation of¢beonal magnetic fields has the impulsive
feature that is associated with the relevant bursts.

On the other hand, the present theory for the interactiowdsst the photosphere and corona
is based on a quasi-static analysis of the equilibrium ofLitve@ntz forces upward and downward,
which cannot include the fast-varying process of dissgpatf the coronal magnetic energy (car-
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ried by the induced electric currents in flaring loops), tbetises the reconstruction of the coronal
magnetic fields. Hence, we have to further understand anfy tiee results in this paper.

These results are also consistent with our earlier papearfglet al. 2008), in which the trans-
verse magnetic field near the neutral line increased rafidiy several tens of Gauss to one thou-
sand Gauss in the 2004 November 1 flare. Some other featustsas stronger emissions in the
looptop source of the 2003 October 27 flare, may be causedebather electron column density
concentrated there (see more examples in Huang & Nakajifhg)20

In addition, in some diagnostics of the coronal magnetid§i€Fleishman et al. 2011), the
forward fitting method is used but without a confirmation efuniqueness. The single example of a
very small flare with almost invariant coronal magnetic figldout 60 G) may not conflict with the
results in this paper. The discrepancy may be caused byffieeatit ranges of the coronal magnetic
fields in different events, and by the differing accuracighe diagnostics used in different methods.

In general, the forward and backward (i.e., inverse) metltmdnot conflict with each other. For
instance, the two methods used for the 17—34 GHz bursts\@isby using the NoRH are based on
a common theory - nonthermal GS radiation, and used to clveckdnsistency between theory and
observations.

6.3 Limitations of Dulk and Marsh’s Approximation

On the other hand, the method for the calculations of thermmmagnetic field and electron column
density actually depends on the approximationsin Dulk & 81 982), which should be performed
strictly under the conditions & < § < 7andS > 10 (S is harmonic number), with the propagation
anglef® > 20°. The peak frequency is defined as the frequency at the optégath ~ 1, the
low cutoff energyF, = 10 keV, and the emission being dominated by the X-mode. Also, these
approximations can only be used for a simple and isolatectsamithout significant changes in the
magnetic field, the angle or other quantities, along thedifisight within the emission region. In
the given ranges of harmonic number, electron energy speattex and viewing angle, the error
in the approximations of Dulk & Marsh (1982) is less tte% with respect to the full expressions
of GS emission (Takakura & Scalise 1970), but the accuraagevs aty > 6, especially, at the
extremes of) andS (Dulk 1985).

Now, we discuss if these limitations of Dulk and Marsh’s ap@mation are acceptable for
our paper. (i) For the limitation of a uniform source, when stedy a given part of flaring loops
(such as one looptop and two footpoints), with a limited e¢alich as the looptop and footpoints
of about 10 arcsec in our case), the uniform magnetic field Ingag reasonable approximation. (ii)
For a restricted range of gyroharmonics and viewing anglesalways consider these parameters
in their restricted range for our calculations. For example select the disk flare for the proper
viewing angles. In addition, we extend the viewing anglehs magnetic field from the forward
to the backward direction with respect to the line-of-sidhi) For the isotropic distributions of
fast electrons withZy = 10 keV, we have proven that the calculation of the spectral indices
the optically-thin part is not sensitive to the propertiésnonthermal electrons (see Huang 2007,
with Takakura’s theory of the GS emission), because the @8t indices depend on the ratio of
the GS intensities in two adjacent frequencies, and thetaffethe same population of nonthermal
electrons is removed. (iv) For the limitation of nonthermplalsma being at the source, we have also
demonstrated (Huang 2007) that the effect of the ambieshpaparameters (such as density and
temperature) is negligible for the calculation of the GScéfaé indices in the optically-thin part. In
particular, the high radio frequencies like those of the NaRostly exceed the turnover frequency
(i.e, in the optically-thin part), thus the GS emission isniteated by the nonthermal component.

Moreover, there has been much progress in GS theories badeamaty (1969), such as those
when the anisotropic pitch-angle distribution of nonthakmlectrons is taken into consideration
(Melnikov et al. 2002; Fleishman & Melnikov 2003; Altyntset al. 2008; Fleishman et al. 2009;
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Fleishman & Kuznetsov 2010; Fleishman et al. 2011; Kuzne¢s@l. 2011). As mentioned above,
the diagnostics of nonthermal electrons are relativelgpehdent of the diagnostics of a magnetic
field. For instance, two independent formulae were derieedHfe density of nonthermal electrons
and the magnetic field strength based on Dulk and Marsh’soappation (Zhou & Karlicky 1994).
The advantage of Dulk and Marsh’s approximation is the eigthrmulae to clearly show the rela-
tionships of different parameters; that is the reason wisygpproximation is widely used by many
authors, including those who analyze NoRH data (e.g., Kwetdl. 1995, 2001, 2009). Of course,
we use Dulk and Marsh’s approximation only as the first stepéndiagnostics of the coronal mag-
netic field, and we should use Ramaty’s theory and more remmags to verify our preliminary
results. In addition, the peak frequency is roughly estaddty NoRP with only six radio frequen-
cies, without spatially resolvable data, which should Heexbby using a new radio heliograph with
higher frequency resolution in the near future.

6.4 Propagation Effects

Regarding the propagation effects on the 17 GHz polarizatidhese events, it was predicted by
Ramaty (1969) for the nonthermal GS emission that the esdiaary mode (X-mode) is dominant
in an optically-thin source (such as the 17 and 34 GHz souwtdéise NoRH in this event), and
the ordinary mode (O-mode) is only dominant in an optic#flick source. On the other hand, the
linear mode coupling mechanism was proposed by Cohen (1@&@)g into account the polarity of
the underlying magnetic field and propagation effects, tvniay lead to inversion of the direction
of polarization in the limbward part of a flaring loop. The @shce for the optically-thin O-mode
emission was found by Alissandrakis et al. (1993) in twosg#af events. In one class, the O-mode
comes from the regions overlying the strong magnetic fieldctvcan be interpreted in terms of the
thermal gyroresonance absorption at the third harmonithdrother class, the entire burst emits in
the O-mode, which may be attributed to high GS optical deptiwever, in the three sources of the
event selected in this paper, the 17 GHz polarization alvagsright-handed circular polarization
(Fig. 2), but the calculated propagation angle is alwaydlsmhan 90 (Fig. 3), i.e. the longitudinal
magnetic field is always positive. Hence, the intrinsic motle7 GHz emission always comes from
the X-mode in this event according to the general plasmaedsépn relation. Moreover, the total
magnetic field (Fig. 3) is not strong enough to produce thégyr@resonance absorption at the third
harmonic of 17 GHz. Therefore, the inversion of polarizatiarection does not happen in this event.

7 SUMMARY

Based on the theory of nonthermal GS radiation, the brigisttemperature, polarization degree and
spectral index, as well as the turnover frequency obseryesing an NoRH and an NoRP, provide
important diagnostics for the coronal magnetic field andted® column density. An impulsive
microwave burst with a short lifetime and a loop-like sturetis selected for this purpose.

Some important features appear in the selected event. Théatad transverse and longitudinal
magnetic field, as well as the electron column density vapnsfly, even up to one or two orders of
magnitude in the looptop and footpoint sources of the setbetent. The magnitude and range of the
transverse magnetic field are always larger than those dbtiggtudinal magnetic field. The time
evolution of the transverse magnetic field is always antredated with the longitudinal magnetic
field, but positively with the electron column density.

These results are basically consistent with the recentétieal and observational studies on
the photospheric magnetic field (Hudson et al. 2008; Fishal 2012; Wang & Liu 2010), but the
range and rate of the transverse magnetic field in the comesidently larger that those of the
photospheric magnetic field, which strongly support thatftare energy release actually depends
on the reconstruction of the coronal magnetic field.
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Another two papers will be written by the authors in the nedwife. One paper will focus on
the comparison of coronal magnetic fields from radio diatjossvith those from extrapolation of
observed photospheric magnetic fields. We also want to ese¢h-known Ramaty theory for radio
diagnostics instead of Dulk and Marsh’s approximationsiother paper.
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