ON THE QUESTION OF LONG LASTING MICROWAVE EMISSION FAR FROM THE SOLAR LIMB
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ABSTRACT: Referring to the recently described phenomenon of long lasting
mm-wave sources high in the solar corona, we considered the possibility of de-
tecting a related emission by RATAN-600 observations in the short cm-wave ran-
ge. Starting from a summary of the main properties of the coronal mm-emission,
the specific facilities of single-dish and RATAN-observations were noted. The
consideration of a particular behind-limb event on September 22, 1980 repor-
ted by Urpo et al. (1986) shows a related emission at 2 - 4 cm and 4.4 cm wa-
velength by the RATAN 600 and the large Pulkovo radiotelescopes, respectively.
Phenomenologically, this event has the character of a prolonged gradual burst
emission.

K BOIMPOCY O AOJIO-EMBYVIIE/ MMKPOBQIHOBOJA 3MMCHMM JAJIEKO 3A JIMMBOM CQJHIIA:
O6pemas BHMMSHMKE Ha HeNaBHO ONMCAHHOE SABJEHUE JOATO-EMBYMUX MWIJUMETPOBHX MUC—
TOYHMKOE H& OCOJXBIIEX BHCOT&X B COJHEHHO} KODOHE, MH DacCMOTpeJM BO3MORHOCTL 00-
Ha8pyXeHMS MX OMMUCHM HB KODOTKMUX CAHTUMETDPOBHX BoJHax Ha PATAHe-600. Mcxonma us
OCHOBHHX X8PD&KTEeDUCTUK MCTOYHMKOB MM-IMaNasoHa, OKAM BHACHEHH chnenuduueckue
0CO6eHHOCTH MX HeOADIeHMt HE& oTHealbHHX sepkanax u Ha PATAHe-600. PaccmoTpenue
OZHOT'O KOHKPETHOr'O 3aAMMOOBOro SBAEHHA M3 22-0r'0 CeHTA6pa 1980r. (ony6GamxoBaH-
HOro Ypnou, 1986) noksaswBaeT saMeTHOE MSJAy4UeHMEe B AMENAS0HEe 2 - 4 CM MO BaANK-
cam Ha PATAHe-600 u Takxe Ha 4.4 cM Ha Ooabuux [IyIKOBCKMX paIuOoTeseCKOoNaX. ITO

ABACGHME MMEET XApAKTep MAMTeabHON 3MucumM moxoxell Ha BCIIeCKM GOAbWONE JAMTEXb-
HOCTHe.
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K OTAZKE DLHOTRVAJUCEJ MIKROVLNNEJ EMISIE DALEKO OD OKRAJA SLNESN£HO
DISKU: Vychddzajic z neddvno opisaného dlhotrvajiceho zdroja v milimetrovej
oblasti, ktory sa nachddzal vysoko v slnelne] kordne, bola uvaZované mo¥nost
zaregistrovania odpovedajuce]j emisie RATAN-om 600 v oblasti krétkych cm vin.
Vychédzajic zo zékladnych charakteristi{k korondlnej mm-emisie, boli diskutova-
né Bpecifiské poZiadavky na ich pozorovanie na jednotlivych zrkadléch a na
RATAN-e 600. Analyza javu z 22. septembra 1980, ktory sa nachédzal za okrajom
slne¥ného disku a ktory popisal Urpo (1986) viedla k identifikédcii zreteIného
Ziarenia v oblasti 2 - 4 cm podla pozorovania na RATAN-e a taktieZ na vlne
4,4 cm na veIkych Pulkovskych rddioteleskopoch. Tento jav mé charakter dlho-
trvajicej emisie a ponéd3a sa na dlhotrvajice rddiové zdblesky s postupnym
vzrastom intenzity.

Observations of solar off-limb sources at mm-waves were reported by Urpo
et al. (1986). The present contribution presents a brief discussion of that
phenomenon under the view point of its recognition facilities by RATAN-600
observations. According to Urpo et al. some main festures are as Follows:

(1) The detectable source heights range between about 5.104 and 10° km above
the photosphere which are significantly different from those of the S-com-
ponent and of the quiet Sun originating at heights of no more than a few
thousand km.

(2) mm-off-1limb sources are rather rare (25 cases have been selected from more
than 1500 solar maps obtained during five years).

(3) Most off-limb sources appear to be related to near-limb flares and X-ray/
microwave bursts starting some hours earlier and last therefore essen-
tially longer than the main phase of the burst events.

(4) Optically thick bremsstrahlung with an average temperature of the order
104 K appears consistent with the observed mm-radiation.

(5) There is indicated an association with H alpha loop systems displayed by
ground based coronograph observations (cf. Urpo et al. (1983).

(6) A minor contribution of optically thin bremsstrahlung to the mm-emission
is more difficult to detect but is anticipated from hot post-flare plas-
mas which can be also observed as long enduring events (LDEs) in soft
X-rays. Recently Moiseev and Nesterov (1984, 1985) succeded to discover
such mm-radiation at a height of 3,.105 km (cf. also Urpo et al., 1985).

In comparison to the mm-observations which were achieved with parabolic,
entennas with diameters =22 m, the RATAN observarions have the advantage of
- better angular resolution,
= simultaneous information at different wavelengths,
= including polarization measurements.

On the other hand, restrictions at RATAN observations in the present ca-
se result from
- the limitation of the observing time by transit observationms,
< obtaining of only one-dimensional brightness distributions,
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- observations at longer wavelengths than mm- A (optically thick bremsstrahl-
ung decreases as A™2)

A first checkong of the off-limb sources by Urpo et al. (1986) shows
than the coverage with the RATAN observations is rather poor. Nevertheleas,
for a preliminary discussion observations of the event on September 22, 1980
are available,

According to Urpo (1985) this source was located at N15, W 90 and measu-
red between 07 32 and 07 58 UT at 37 GHz (A= 8.1 mm). About 90 min later the
source was recorded by RATAN 600 in the frequency range 15 - 7.5 GHz (A= 2 -
4 cm). At the RATAN records, because of the angle between the measuring profi-
le and the solar equator, the off-limb source does not appear at the very edge,
but more in the midth of the solar brightness pattern (cf. Figure 1). With
high probability, the source belongs to a behind=limb event in AR SD 438 which
disappeared just two days earlier at the west limb. Therefore, a lower limit
of the source height of about 30 000 km above the photosphere can be assumed.
There is a nctable contribution of right-handed circular polarization in the
whole frequency range (15 - 7.5 GHz) which, contrary to the mm-emission, favo-
urs gyromagnetic radiation as the responsible emission mechanism at cm-waves.
A small local shift between the maxima of the RATAN- I and V records may indi-
cate a loop-like source structure.

The source is also detectable at the observations of the large Pulkovo
radia telescope at 4.4 vu wavelength on the same day, but, of source, it is
totally missing on the preceding and the following days (Solnechnye Dannye
1980, 2). Weak microwave burst activity (GRF) was also reported by the sta-
tions Toyokawa at about 05 45 UT (Solar Geophysical Data, 1981), Crimea at
06 52 UT, and Gorky at 07 37 UT, and terminating at about 09 11 UT.

Phenomenoclogically the event appears as some kind of gradual burst radis-
tion (GRF or PBI? ). However, in contrast with the usual appearance at the
whole-Sun flux density records, the duration on the events observed with more
spatial resolution appears much longer. Concerning the source dimension a la-
teral loop extension of at least 1 arc min can be expected from the displace-
ment of the peaks of the I and V records by RATAN 600. A more refined analysis
of this and other events is recommended in order to get representative infor-
mations of solar off-limb microwave sources.
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