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SOLAR BURST PRECURSORS AND ENERGY BUILD UP AT MICROWAVE WAVELENGTHS

Kenneth R. Lang and Robert F. Willson

Department of Physics, Tufts University, Medford, MA 02155, U.S.A.

ABSTRACT

4
We summarize high-resolution microwave observations (VLA) of heating and magnetic/ triggering
; in coronal loops. Magnetic changes thst precede solar eruptions on time scales ¢gf tens of
; sinutes involve primarily emerging coronal loops and the interaction of two or 70:e loope.
Thermal cyvclotron lines have been detected in coronsl loops, suggesting the presence of hot
current sheets that enhsnce emission from relatively thin layers of enhanced tgmperature and
constant magnetic field. These current sheets may play a role in the excitatjon of solar
bursts. A filsment~associated source with s high brightness temperature and, steep radistion
spectrum occurs above & region of apparently weak photospheric field. This source might be
attributed to currents that enhance coronal magnetic fields. Compact((¢ = 57)) tramsient
sources with lifetimes of 30 to 60 minutes have also been detected in regions of apparently
veak photospheric fileld. e conclude by comparing VLA observations of coronal loops with !
sinultaneous SPM-XRP observations. 7«‘

7

MAGNETIC CHUANGES AND PREBURST HEATING s

The VLA has recently been used to detect changes in the configuration of coronal magnetic
fields and temperature enhancements within coronal loops that are important in the
excitation of solar bursts. It has long been known that solar eruptions are intimately
connected with the magnetic fields in active regions, for the ulrimate source of energy :
for these bursts must be magnetic energy. It has only recen:ly been realized, however, #
that evolving magnetic fields in the solar corons may play a dominant role in triggering :

solar eruptions /l/. |_KZE3::7;h“?o}
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Fig. 1. The ten second V.L.A. synthesis maps of the impulsive phase of two solar bursts
at 20 cm wavelength superposed on Ho photographs of the optical flares taken at the same
tige at the Big Bear Solar Observatory. Tne 20 cm bursts originate near the tops of o
coronal loops that are about 40,000 kilometers above the flaring region seen at optical :
vavelengths. The western solar limd is visible in both photographs.

Preflare changes in active regions are detected as increases in.the intensity and polarize-
tion of the microwave emission 8t centimeter wavelengths. These increases precede solar
eruptions on time scales of 10 minutes to an hout. The high angular resolution provided

by the Very Large Array (VLA) has shown that these increases are related to preburst heat-
ing in coronal loops and to changes in the coronal magnetic field topology /2/. The VLA
snapshot maps have also made possible tests of flare models that could not be carried out
at optical waveleng:ihs. For instance, the region of microwave energy release occurs at the
apex of coronal loops, while the optical flares occur at the loop footpoints (See Fig. 1).
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The VLA Tesults indicste that preburst changes can be ordered into three major categories:
(1) changes vithin s single coronal loop, (1I) the emergence of coronal loops, and (11I)
intersction between coronal loops. As illustrated in Figure 2, coronal loops or arcsdes of
loops often besgin to heat up and change structure about 15 minutes before the eruption of

. impulsive bursts. Exsmples of the other types of magnetic interaction detected by the

University of Maryland and Tufts groups are given in the review by Kundu and lang /2/.
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Fig. 2. The time profile of a solar burst st 20 cm wavelength suggests heating within a
coronal loop prior to the emission of two impulsive microwave bursts. Radio and Y-ray dats
have been combined to derive a pesk electron temperature Ip of 2.5 x 107 € snd sn sverage
electron density Ko of 1010 ez=3 during the heating phsse. The changing orientation
4llustrated in the 10 second VLA snapshot maps could bde related to the shear of photo-
spheric fields. .

THERMAL CYCLOTRON LINES AND EVIDENCE FOR CURRENTS

Theorezical work has shown that individual cyclotron lines night be detected as narrow-band
enhancements in the radio-frequency spectra of solar active regions /3/. 7Tne spectra of
individual cyvclotron lines have subsequently been observed at wavelengzths near 20 ¢m when
the apex of a coronal loop is resolved /4/ - see Figure 3. Thnie is because The magnetic
£ield scrength is relatively constant near the loop apex; the cvclotron lines would merge
into a continuum along the loop legs where the magnetic field strength decreases uniformly
vith height., Neutral current sheets might slso plar & role, leading to intense radio
enission from a thin laver near the loop apex. Both & uniform field and & steep temperature
gradient in the uniform region are probablv recuired to detect thne cvciotron lines. 1In any
event, observations of individual cyclotron lines indicate magnetic field strengths of

E = 145 = S G az che apex of some coronal loops. Observations of individual cvclotron
lines provide an unusually accurate method of specifving the coronal msgnetic field

strength, while also sugges:ting the presence of currents.

Evidence for curren: amplificarion of the coronal magnesic field mey be provided br sources
of high brightness temperature and steep Tadiation specirum above regions of apperently-=weak
magnezic field /5/. An exasple is the £{lamen: associated source D whose spectrum is shown
in Figure 4. 1f this emission is due to thermal gyroradiatiom, strong magnetic fields are
required to produce gvroradiation st the first fev harmonics of the gvrofreguency. Higher
harmonics produce insufficient optical depth to account Zor the high brightness texzperae-
tures. The strong magnetic fields could be obtained if currents agplify the magnetic field
in tne low corons to values Lreater than those expected from extrapolations from the photo-
sphere. The emission could alternatively be due to nonthermal radiation in weak magnetlic
fields. Nonthermal synchrotroun radiazion from mildly relativistic electrons is one
possibility, but some as ye: unspecified sechanisa wust be continuously sccelerating the
eleczrons.

COMPACT VARIABLE SOURCES

We have recently discovered compact, variable highlv-polarized sources in regions of

spparently-weak photospneric magnetic field /6/. Our subsequent Vi.A observations have
confirmed the existence of compact, variable 2 cm sources that are not associated with
sctive regions, Qut these sources had no detectable circular polarizatiom. ce

The 2 ¢z maps showed two compact (€ = 57), highly circularly polerized (F, = 80 to 90%)
sources that vary on time scales of ‘30 to 60 minutes. The left circularly polarized source
varied in.maximum brightness temperature from Tp = 2.0 x 10° ¥ to Tp < 0.5 = 10° X.
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Fig. 3. VLA data st ten closely-spaced frequencies near 1440 MHz (20 cm) showing thermal
cvclotron line spectra frow active region AR 4398 on successive days, together with opti-
cally=thick thermal bremsstrahlung spectra from active region AR 4399 on the same days.
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Fig. 4. The radiation spectra for the three types of sources usually detected at shor:t

centimerter wavelengths. The most common type of source is the sunspot-associated component .
(A and C) that is attriduted to thermel grvcresonance radiation in the legs of coronal loops
that are connected to the underlving sunspots. Source D is a filament-associsated component
iocated above & magnetic neuZral line in regions of apparentlv-weak sagnetic field. It

may be due to thermal grroradiation in current—-smplified nmagnesic fieids. The filamen:-
associated source B has the fla: spectrum of opticelly-thin thermal bremsszrahlung.

Couparisons with Mz. Wilson magnetograms iadicate ths: the two compact, veriable sources

vere iocated iv regions of apparen:zly-weak photospheric magnezic field (E < 80 §), and -
that they did not overlie sunspots. The high polarization of these sources is therefore
sonewhat enigmazic, for the polarizazion of thermal radiation requires s:trong magnetic

fields of B~ 2,000 G.

—~ -

The enigmatic presence of highly polarized sources in regions of apparentlv-weak photo-
spheric magnetic field may be explained by any one of three hypothesis. First, the photo-

. spheric field may have strengths of up to 2,000 G in compac: regions that are not readily
detected by the photospheric magnetograms. Alternatively, the nagnezic field in the
transition region or the low corons may be amplified by currents to & strength above that
in the underlying photosphere. If either of these hypothesis is true, cthen the high cir- ‘
cular polarization of the 2 cu sources can be attributed to either thermal gvroradiation ¢
or the propagation of thermal dremsstrahlung in the presence of a magnectic field of
szrengzh H = 2,000 G. .A third hypothesis is that the compact 2 c¢m sources are due to non-.
thermal gvrosynchrotron radiation of mildly relstivistic electrons in reiatively weak
magnetic fields of strengsh E = 5C G.

N

ONGOING COMPARISONS OF VLA AND SMM=~XRP DATA

We are continuing with & comparison of 20 ¢r coronal loop data (VLA) with soft Y¥~-rav data
obtained with the SYM satellite, In some instances, there is radiation at 20 centimeters
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wavelength near sunspots where no X~-rsy radistion is detected /7/. 1ln other cases, the
20 centiwetar radistion appears at the apex of corounal loops, but with a slightly lower
brightness tesperature, Ty ° to 1.7 x 106 K, than the electron temperature, Te * 3.0 x
106 K, inferred fros the X~ray dsta. 7This may be explained by s low temperature plassa
with I, = 105 X that lowers the effective brightness temperature of the radio bremsstrah-
lung vhile nmot affecting the X-ray data that only detects the 10° K plasma /8/.

80 w2 oXxm

Fig. 5. A comparison of the 20 cm emission (V.l.A.-left), soft X-ray (S.M.M.-middle) and
Ra (SOON-right) emission of an active region on the same day. The sngular spacing between
fiducial marks on the axes 1s 60 arc-seconds.

As i1llustrated in Figure S, there are other instances in which the 20-cm radiation and

the soft X-ray emission have the same angular extent. 1In this case, the maximum brightness
temperature of the radic emission has the ssme value as the electron temperature, T, = 3 x
106 R, inferred from the X-ray data. At first eight it would seem that the 20-cm emission is
the thermal bremsstrahlung of the X-ray emitting plasma (electron density K, = 2 x 1010 ew-3),
but in this instance we have also detected & cvclotron line. Preliminary wodeling indi-
cates & thin layer of T, = & x 106 K with & magnetic field strength of H = 145 or 187 G
(harmonic n = 4L or 3). The thermal electrons that give T se to the Y-ray radiation there-
fore also seem to produce strong gvroresonant radiation at 20 centimeters wavelength.
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