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t. Analysis is presented of the radio emission from the a
tive region (AR) AR8108(November 1997) in whi
h, by numerous indi
ations, powerful 
are events were to o

ur, but havenot been revealed in observations. For over 4 days in this AR there was observed an extraordinarydetail identi�ed with one of the bases of a streamer originating in the delta-
on�guration of thephotospheri
 magneti
 �eld. It has been proposed that it is exa
tly through this streamer thatthe ex
ess energy of the AR magneti
 �eld was \draining" gradually for several days, whi
hexplains the la
k of intense short-time events in the form of 
ares. Spe
tral and polarizational
hara
teristi
s of the radio emission of the sour
e asso
iated with the 
oronal streamer have beenobtained in 
m range for the �rst time. They point to the fa
t that the pe
uliar detail is anopti
ally thin sour
e of thermal bremsstrahlung in the 
m range. The derived spe
trum and thedegree of 
ir
ular polarization of the pe
uliar emission sour
e have made it possible to estimatevalues of ele
tron temperature, ele
tron number density and magneti
 �eld intensity at heightsh � 2 � 109 
m, whi
h appeared to be equal to Te = 2:0 � 2:5 � 106K, Ne = 7 � 109 
m�3 andH = 50G, respe
tively.Key words: radio emission of the Sun | fore
ast of solar 
ares | pe
uliar sour
e | 
oronalstreamer1. Introdu
tionMany indi
ations 
hara
teristi
 of a 
are-expe
ted(?)a
tive region (AR) are known at present.1. It has been noti
ed (see the survey by Mar-tin, 1980) that emergen
e of a new magneti
 
ux and
ompli
ation of the magneti
 �eld stru
ture, espe-
ially formation of a delta 
on�guration, 
ause 
ares.2. Flares o

ur more frequently in ARs whosesemi-major axis is strongly in
lined to the solar equa-torial plane.3. Beginning with the papers by Severny (More-ton and Severny, 1968) it has been noted that the re-gions of generation of powerful events are asso
iatedwith lo
ations of strong verti
al 
urrents in ARs.4. In
reased 
are a
tivity is 
hara
teristi
 also ofARs where movement of spots, vortex pro
esses, dis-appearan
e of �laments et
 are observed.On the basis of observations in the radio range, twoprin
ipal ways have been proposed, whi
h allow oneto judge of the possibility of emergen
e of major
ares:| investigation of 
hara
teristi
s of sour
es of the S-


omponent (Tanaka{Enome's(?) 
riterion) (Tanaka,Enome, 1975, Korob
huk, Peterova, 1980) and| investigation of 
u
tuations of the solar radio emis-sion (Kobrin et al., 1978).It has been established over the last few years thatin the stru
ture of 
are-a
tive ARs there appear theso-
alled pe
uliar details asso
iated (Vatrushin, Ko-rzhavin, 1989) with 
oronal ar
hes above the bendof the neutral line. The enumerated features avail-able from observations in a wide range of ele
tro-magneti
 radiation make it possible to fore
ast major
are events. Justi�
ation of these fore
asts, however,is not high enough. Cases are not infrequent wherea major 
are arises in a seemingly \quiet" AR andvi
e versa. In this paper we examine su
h a 
ase isAR8108, whi
h has not produ
ed intense 
ares sus-pe
ted a

ording to a number of indi
ations. It turnedout that its a
tivity manifested itself in a di�erentform | as 
oronal mass eje
tions (CME) at previousrevolutions, and two long-lived large 
oronal stream-ers.Streamers belong to one of the most pi
turesquestru
tures of the middle and low 
orona owing to theirspe
i�
 hemlet-like shape. They have been known
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hes of the white 
orona obtained duringsolar e
lipses and have so far been well studied (seethe survey of Kout
hmy, Livshits, 1997). The begin-ning of observations in the soft X-rays (Cheng et al.,1994) opened up strong possibilities of studying thisfas
inating stru
ture. One 
an observe presently thelower part of these obje
ts not only at the limb butalso on the disk of the Sun. It has been establishednow that 
oronal streamers are large-s
ale and stablear
h-shaped stru
tures that extend into the 
orona toa height of 2{3 solar radii and existing sometimes dur-ing several revolutions. The ar
h of a streamer 
on-sists of (1) a base, (2) a lower part (� 105 km), whi
his termed a hemlet-like loop at the top of whi
h thereis often a 
usp-shaped brightening and, at last, (3) anupper part strongly extended in a form of threads or abeam possibly rea
hing the Earth's orbit. It has beennoti
ed that the axis of a 
oronal streamer is generallyin
lined to the solar equator (up to 60Æ), the in
lina-tion being larger in the period of solar 
y
le minimum.The in
lination angle is a�e
ted by other large-s
alemagneti
 stru
tures that surround the streamer. Allthis 
an be well illustrated by the 
ase under investi-gation, AR8108, the larger streamer of whi
h extendsin the dire
tion of another AR lo
ated in the southernhemisphere (Fig. 1).marked pointed streamerThe properties of 
oronal streamers known fromobservations 
an be advantageously simulated. Model
al
ulations show that the magneti
 �eld of astreamer 
an be represented as a 
losed-type ar
hstru
ture embeded in an opened �eld envelope. For a\quiet" streamer, these �elds are separated by a thin
urrent layer � 500km thi
k, whi
h narrows to 10 
mduring a 
are (Pneuman, 1972; Somov, 1992). A
-
ording to the model, the plasma density of the 
oro-nal streamer is by an order of magnitude higher thanthe ba
kground values, while its temperature is lowerthan the ba
kground temperature (� 1� 1:5 � 106K).The streamer is supposed to originate as a 
onse-quen
e of rise of hot plasma whi
h \in
ates a bubble"extending it upwards. This results in re
onne
tion ofthe magneti
 �eld and formation of a 
urrent layer(S
hultz, 1994). Coronal streamers are 
onsidered tobe responsible for the slow 
omponent of the solarwind and eje
tion of solar magneti
 �elds into theinterplanetary spa
e.Observations of 
oronal streamers in the radiorange were 
hie
y made at metre and de
ametrewavelengths (Lantos et al., 1987, 1992) with the Nan-
ay and Clark Lake radio heliographs, i.e. the ob-servations referred to the upper part of the stream-ers. In this range (metres{de
ametres) a spe
trum ofbrightness temperatures has been obtained. The anal-ysis of this spe
trum within the frames of a thermalbremsstrahlung me
hanism of emission has shownthat the temperature inside the streamer is by 10{

30% higher than that outside. It has been found thatradio outbursts of type III are observed near a 
usp,whi
h 
on�rms the existen
e of a 
urrent layer insidethe streamer. To explain the results of observations atlong wavelengths, model 
al
ulations have been per-formed (Chiuderi-Drago, 1994) whi
h show that theexisting models of streamers need to be modi�ed.2. Des
ription of AR8108The a
tive region AR8108 (heliolatitude 19:5ÆN, 
en-tral meridian passage (CMP) 20.1 XI) was observedin the Carrington(?) revolution No.1929 and had anarea of � 300 ???. It was 
hara
terized by a 
om-pli
ated magneti
 �eld stru
ture at the photospherelevel and was noted for 
onsiderable dynami
s. In theleader(head?) part of the group of spots a delta 
on-�guration of the magneti
 �eld was noted, whi
h wasparti
ularly distin
t on 17{21 XI. The magneti
 �eldin the spots that 
onstituted the delta 
on�gurationhad an about twofold di�eren
e in intensity (1150G ofN polarity and 750G of S on 19 XI). The trailer partof the group, in whi
h the spots alternatively mergedtogether (16 XI, 21{23 XI) and fragmented, was notstable either. In the interspot spa
e emergen
e was inprogress of a new magneti
 
ux 
oin
ident in mag-neti
 �eld polarity with the �eld of the leader spot.At the photosphere level, formation of a new spot inthe interspot spa
e was re
orded on 21 XI. On the im-ages of AR8108 in soft X-rays two 
oronal streamerslo
ated in orthogonal planes were visible during theentire observing period (Fig. 1). One of them had averti
al orientation, whereas the axis of the other wasstrongly in
lined to the solar equator and extended inthe S{E dire
tion by more than 500 thousand kilome-tres. This huge streamer rested with one end on dif-ferent polarity spots of the delta-
on�guration mag-neti
 �eld near the leader spot. The brightest part ofthe X-ray loops at the base of the 
oronal streamerformed a narrow strip of � 20 thousand kilometresin extent. In the previous revolution, No.1928, sev-eral CMEs (19 X, 1 XI (Dere et al., 1999), 23 X)were observed whi
h 
oin
ided in lo
ation with theAR8108 
oordinates to an a

ura
y of 15{20Æ. In thenext revolution, just before(?) the solar disk, the twostreamers were observed in the AR. Pro
eeding fromthe law found by Sterling et al. (2000) these stream-ers 
an be assumed to be a 
onsequen
e of halo-typeCMEs. As has already been noted, weak 
are a
tiv-ity is 
hara
teristi
 of the a
tive region AR8108. Onlyone 
are (15 XI) rea
hed an intensity of 1N. Duringthe rest of the days weak 
ares of magnitude SF werere
orded. This des
ription is 
onsistent with the 
har-a
teristi
s of AR 8108 given in the papers by Can�eldet al. (1999), Gibson et al. (1999), in whi
h it is in-
luded in the list of 23 a
tive regions of 1997 sele
tedfor studying the so-
alled sigmoid stru
tures | pre-
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ursors of CMEs (Rust, Kumar, 1996) observed in thesoft X-rays and ultraviolet. The AR under investiga-tion has also been observed with the radio teles
opeVLA (Willson, 1998).RATAN-600 with3. Observations and data pro
essingThe observations of AR8108 have been made atthe radio teles
ope RATAN-600 with the aid of thePanorami
 Analyzer of Spe
trum (PAS) (Bogod etal., 1993) in the range 1.8{15.4
m with a resolutionof 1500� 1305 { 13100� 1010, respe
tively. Fig. 2 showsthe brightness distributions in the intensity 
hannelat the wavelength 3.21 
m during two days, 19 XIand 21 XI. The dashed 
urves present the divisionof the Lo
al Sour
e (LS) of radio emission into in-dividual 
omponents using the Gauss analysis. Fromthe RATAN-600 observations, details of three typeshave been isolated (1) details A, B and C | these arebright 
ompa
t sour
es related to the major spots ofthe group, A and B are the leader and trailer spots,respe
tively, C is a new spot formed between themon 21 XI (Fig. 2); (2) detail H is the halo, an ex-tended sour
e of size of the whole AR that is asso-
iated with its magnetosphere, at the top of whi
hemitting plasma is held; (3) detail X | a pe
uliarsour
e that we identify with the bright part of theloops at the base of the 
oronal streamer, � 20 thou-sand kilometres in extent.4. Results of observationsThe 
ux spe
tra, brightness temperatures and degreeof polarization have been obtained for all the sele
teddetails. For three days, 19{21 XI, they have been av-eraged and are displayed in Fig. 3. >From these 
har-a
teristi
s one 
an judge of the nature of ea
h detailof the LS. The most obvious is the origin of detail A| this is a
y
lotron radiation of the 
oronal plasmain the strong magneti
 �eld of the leader spot. This iseviden
ed by the detail size, � 3000, whi
h is 
lose tothe size of the penumbra of the 
orresponding spot,as well as by the 
hara
ter of the spe
tra of 
uxeswith a peak at 5{7 
m. The degree of 
ir
ular po-larization of radiation from detail A was most likelyhigher than that measured at RATAN-600 (� 30%).Its redu
tion is due to partial 
ompensation of radi-ation from di�erent-polarity sour
es above the delta-
on�guration of the leader spot in the beam of thisinstrument???. The brightness temperature of radi-ation of detail A was somewhat higher than typi
al
oronal values, and it rea
hed 3�106K at a wavelengthof � 7 
m, i.e. the presen
e of the magneti
 �eld delta
on�guration was a

ompanied by additional heatingof the atmosphere above it.

For detail B the bremsstrahlung radiation playsan important role, apart from the 
y
lotron radiation.The 
hara
teristi
 features of this detail: a great size,� 6000, a low brightness temperature as 
ompared tothat of detail A, growth of the degree of polarizationwith wavelength in
rease. The distin
tions of detailB are due to the fa
t that, in 
ontrast to detail Athat is lo
ated above a large solar spot, detail B is asuperposition of sour
es above minor spots and pores,distributed in the trailer part of the group of spots.Detail C is interesting for its dynami
s, sin
e itis not 
ommon that one has an opportunity of tra
-ing birth of a spot right on the disk. At the photo-sphere level the spot appears on 21 XI and then itsarea grows. Radio emission of the sour
e be
omes ap-pre
iable 24 hours earlier, however on the �rst dayits radiation is nonpolarized. Next day there appearsnoti
eable 
ir
ular polarization, the intensity of radi-ation rising at the same time as well. It is notewor-thy that the sign of polarization for detail C on 21XI 
orresponds to ex
ess of ordinary wave through-out the whole range 2{7 
m. A 
omplex relationshipbetween polarization and wavelength is noted on 22XI: O-mode at 2 
m, E-mode at 3 
m, zero polariza-tion at 4 
m, O-mode again at 7 
m. Most likely, thispoints to a 
ompli
ated temperature distribution inthe 
orona above the spot being formed . The in-
uen
e of transversal magneti
 �elds (Bogod et al.,1993)is hardly the 
ase sin
e the polarization signfor details A and B in that period (21{22 XI) 
orre-sponded 
onsistently to ex
ess of an inordinary waveover the entire wavelength range.In detail H (halo) as is often the 
ase, a 
onsid-erable part (� 50%) of radiation from the AR was
on
entrated. By the 
hara
ter of the spe
trum, theAR8108 halo 
an be 
lassi�ed as typi
al (Peterova,1994). The 
ux spe
trum 
at in short waves (to 3 
m)and with a slightly in
reasing slope at higher wave-lengths is their distinguishing feature. The degree ofpolarization of detail H is insigni�
ant (< 5%), thebrightness temperature of radiation (3 � 105K at thewavelength 7 
m) is higher than normal for this typeof LS 
omponents.The radiation of detail X is 
hara
terized by a 
at
ux spe
trum over the whole wavelength range (1.7{7 
m) and slight polarization (< 5%). As to the 
on-tribution to the total 
ux of radio emission (� 0:8solar units of radio emission 
ux (s.f.u.)), it 
om-pared unfavourably with the rest of the details. How-ever, in radio brightness it approa
hed(resembled?)the brightest spotted detail A. The radio emission
hara
teristi
s of detail X, namely, the 
at 
ux spe
-trum, F (�) = 
onst, as well as the quadrati
 rise ofthe radio brightness spe
trum, TB � �2(� > 2 
m),and the linear rise in degree of polarization with in-
reasing wavelength p � �, (15 
m> � >2 
m) suggestthat this was an opti
ally thin in the 
m range sour
e
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Figure 1: Flux density and brightness temperature spe
tra of AR8108 details. Details A and B identi�ed withspots have spe
tra 
hara
teristi
 of 
y
lotron radiation with some addition of bremsstrahlung in the 
ase ofB. The spe
trum of detail H is nonthermal, typi
al of halo. Detail X, identi�ed with streamer, has a 
at 
uxspe
trum 
hara
teriti
 of thermal bremsstrahlung.of bremsstrahlung. Based on this assumption, esti-mate its parameters | plasma density N and mag-neti
 �eld intensity B.For thermal bremsstrahlung of an opti
ally thinsour
e of size �s, being at a 
oronal temperature Tand having a brightness temperature of radiation TBat a frequen
y �, we have the relation (Akhmedov etal., 1982):TB � 0:2�N2 ��s� ��2 � T�1=2: (1)At �s = 2�109 
m, TB = 1:2�106K, � = 4:3�109Hz(� = 7 
m), T = 2:0� 2:5 � 106K, obtain N = 7 � 109
m�3.For the module of the magneti
 �eld longitudinal
omponent Bl of a sour
e having at a wavelength �a degree of 
ir
ular polarization p, relation is (Gel-freikh, 1982):Bl � 54:� ��1 � p: (2)At � = 4
m and p = 4% Bl � 50Oe. Notethat this magneti
 �eld intensity has been derivedfor a height h < 2 � 109 
m at the base of the 
oronalstreamer.The gas-kineti
{to{magneti
 pressure ratio � inthe sour
e is� � 8� �N � k � TB2 � 0:02; (3)(here k = 1:38 � 10�16 erg�degr�1 is Boltzman's 
on-stant).The gas-kineti
{to{magneti
 pressure ratio is notat varian
e with the values expe
ted at these heights.It should be noted that to evaluate 
hara
teristi
 ve-lo
ities of plasma motions in the inspe
ted part of thestreamer, one 
an possibly use the CDS (Coronal Di-agnosti
 Spe
trometer) data of the SOHO spa
e
raft.In 
on
lusion we provide an estimate of 
are a
-tivity of AR8108 and its a
tivity as CMEs. The for-mer two 
omponents of Tanaka{Enome's 
riterionhave turned out be 
lose to the 
ut-o� values: (1)the density of the radio 
ux from the whole ARat 3 
m F I(3 
m) � 7 s.f.u. (whi
h is a little lessthan the limiting value, 10 s.f.u.); (2) the 
ux ratioF I(3 
m)/F I(10 
m) = 0.7 (i.e. � 1). A fore
ast de-rived from the third 
riterion would be negative: theAR8108 image in polarized light at 3 
m had an S-shape, whi
h is far from the 
are-expe
ted P-shape.

As a whole, one may 
onsider Tanaka{Enome's 
rite-rion to be justi�ed in this 
ase | AR8108 did not a
-tually produ
e intense 
ares. However, 
are should beused to draw this 
on
lusion, allowing for the 
lose-ness of two 
omponents of the 
riterion to the lim-iting values. The a
tivity in the form of CMEs wasalso weak. A

ording to Can�eld (2000) the erruptivegrowth of the 
oronal loop system in AR 8108 (19 XIat 21:54 UT) turned out inadequate to destroy evenonly one of the two streamers; on the 
ontrary, theirsoft X-ray radiation be
ame more 
ontrasty.5. Dis
ussion of resultsThe basi
 pe
uliarity of AR 8108 that requires expla-nation is its weak a
tivity, whi
h is at varian
e withthe magneti
 �eld stru
ture (a 
learly de�ned delta
on�guration) and the vigorous dynami
s of develop-ment of this a
tive region (emergen
e of a new mag-neti
 
ux).A

ording to van Driel-Gesztelyi et al. (1999),Green et al. (2000), the intensity and duration of
ares drop when major CME events are present. How-ever, in the 
ase in question, both kinds of a
tivitywere faint. Our investigation has shown that addi-tional heating of the 
oronal plasma o

urred in thisAR. The duration (days) of this pro
ess was mu
hlonger than that of 
ares or CME (minutes or hours),while the intensity, on the 
ontrary, was mu
h at adisadvantage in relation to them. Indeed, as 
an beseen from the results of observations, the a
tive re-gion under investigation was of enhan
ed (as 
om-pared to the statisti
al average) radiation brightness.Apparently, the enhan
ed brightness is indi
ative ofthe presen
e of a 
ertain amount of high-temperatureplasma preserved for a long time 
omparable withthat of existen
e of the AR itself. This additionalheating showed itself in both the low 
orona, in theregion of strong magneti
 �elds (nu
lear 
omponentof the LS), and high up in the 
orona at the top of themagnetosphere (halo of the LS). Besides, in the stru
-ture of the LS there was dete
ted a long-lived (> 4days) bright sour
e identi�ed with the lower part ofone of the streamers. The appearan
e of the streamerfrom the X-ray observations strongly resembled thatof the post
are streamers: in that period, a brighten-
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e (or its individualparts) that separated the opened and 
losed �eld ofthe streamer.An evident sour
e heating the 
oronal plasmaabove AR8108 was the delta-
on�guration of themagneti
 �eld | it is exa
tly from there that thebrightest irradiation of the streamer 
omes. Physi
al
onditions in the AR were su
h that ex
ess energyof the 
omplex (non-potential) magneti
 �eld was re-leased not as an explosion, but in a gradual manner.It 
an be assumed that slow (as 
ompared to 
aresor CMEs) out
ow of a

umulated energy o

urredthrough the two 
oronal streamers, whi
h maintainstheir post-
are appearan
e for several days.Pe
uliar details of the LS stru
ture similar to de-tail X represent a 
omparatively new 
lass of obje
ts.This name was introdu
ed in the paper by Vatrushin,Korzhavin (1989) and stu
k to the obje
ts, whi
hwould be more 
orre
tly termed as unidenti�ed. Partof them were identi�ed with bent portions of the neu-tral line of the total magneti
 �eld of 
are-a
tive ARsabove whi
h ar
ades of low 
oronal loops 
ontainingheated (up to 107K) plasma are hypotheti
ally lo-
ated. The radiation of these obje
ts was interpretedas syn
hrotron at gyrofrequen
y harmoni
s (Akhme-dov et al., 1987, Peterova et al., 1997). The pe
u-liar sour
e that we have dete
ted in the stru
ture ofthe weakly a
tive AR8108 has a di�erent identi�
a-tion. It is related geneti
ally to a very intense 
oronalloop having an open-
on�guration magneti
 �eld. De-spite the fa
t that the nature of this obje
t (thermalbremsstrahlung) is di�erent from that of the pe
u-liar details mentioned above, the 
on
lusion made byother authors that the presen
e of pe
uliar details inthe LS stru
ture is an indi
ation of enhan
ed energyrelease in the AR is generally 
orroborated. The resultobtained in the studies of AR 8108 allows a prelimi-nary inferen
e to be made that from the parametersof the pe
uliar details in the given AR one 
an suggestwhat path will be followed by the events in the givena
tive region. If the radiation of the pe
uliar sour
es is
hara
terized by a steep 
ux spe
trum (syn
hrotronradiation, explosive events (in the form of 
are) arethen to be expe
ted. If the pe
uliar sour
e has a 
atspe
trum (thermal bremsstrahlung), the a
tivity willpro
eed in a mu
h slower manner, in the form that
an be termed a sluggish 
are.A
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