A Radio Indication of Flare Build-up
G. Ya. Smolkov
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THE DYNAMICS OF ACTIVE REGION IN MICROWAVE EMISSION
GeYa.Smolkov

A review is gilven of the results of investigations of dynamical
properties of the microwave emission which are attributable to
evolutlonary changes in the active region structure and to changes
that are responsible for producing a flare situation. The investi-
gations are based on observational data obtained on the Siberian
Solar Radio Telescope during 1982-~1988,.

Introduction

During the past several years the Siberian Solar Radio Telesco-
pe (SSRT) /1, 2/ has been measuring, in the mode of solar activity
monitoring, one-dimensional distributions of the intensity and
circular polarization on the full solar disk, with & time resolu-
tion 0f 2.5 min and an angular resolution of up to 17" at 5.2 cm
wavelength. The observaetions are made every day from 23 to 11 UT
during the summer months and from 02 to 08 h UT during the winter
months. The SSRT sensitivity permits a reliable identification of
chenges in radio flux density of sources of the slowly varying
component of about 0.1 SFU,

Owing to such a performance, the SSRT is the most suitable in=-
strument for investigating the evolution of active regions in the
microwave emisslon. As is known,‘all its peculiarities are far
from fully understood. This, in turn, sets back the understanding
of the physical processes occurring in the active region in gene-
rals

The observed changes 1n distributions of the intensity and
polarization of the microwave emission over the actlive region are
caused by chenges of physical conditions both in radio emission
gources and on the path of radio wave propagation. The most imﬁor-
tent factors, having an influence upon such changes, may tenteati-
vely be divided into three groups.

1« The directivity of the microwave emission which depends on
the generation mechanism and leads to changes in distributions of
the emission intensity and polarization with a change in the acti-
ve regicn location es a consequence of the solar rotation.

2. Evolutionary changes in the structure of active regions
such as the appearance of new sunspots and pores in them, decay
and diseppearance of sunspots, and proper motions of sunspots,

3. lagnetic field changes which are responsible for producing
flare situations.
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It is the combination of these phenomena that leads to the
formation of rather complex intensity and polarization distributi-
ons and to their changes throughout the entire active region life-
time. Determining the contribution of each of the agents to the
radio brightness distribution is not a simple problem (even in the
apparently simple first case there still remain meny umbiguities
from the observational point of view /3, 4/).

This brief review presents the main results of investigations
of the active region evolution in the microwave emission as obtai=-
ned with the aid of the SSRT to date.

1« Structure of the active region microwave emission
and its evolutionary changes

1«7 The initial evolutionary stage of active regionge. A re-
gion of increased radio emission at 5.2 cm wavelenzth begins to
form several hours before the appearance of a facular plage in the
K Call line. Its size virtually coincides with the extent of the
area, 1in which a disturbed structure of the chromosphere is obser-
ved. A maximum of radio emission is loceted where a sunspot group
is produced later (Fige. 1). The radio flux fluctuates eppreciably,
reaching maximun velues of 0¢5=0.8 SFU and minimum values of O.1-
0.2 SFU. It is most likely that such & deep modulation of the ra-
dio flux indicates temperature fluctuetions in the active region
atmosphere because radio flux variations are not accompenied by
appreciable increases in the size of the radio emission region. The
brightness temperature amounts to values of the order of 8-104 Ke

The appearance of the first pores is unaccompanied by an appre-—
clable increase of radio flux, l.e., the process of penetration of
strong small-scale magnetic fields into the corona is delayed from
that in the photosphere by 1 or 2 h at least.

- 157 -



P ige 2. The variation of the radio flux with
increasing area of the following sunspot of
active region 4520,

As sunspots are evolving, the radio flux increases. In this
case the growth of flux proceeds abruptly: intervals, during which
the radio flux remains virtually unchanged, alternate with those,
when the flux increases abruptly (Fige. 2)e The duration of the lat-
ter ones ranges from 10 to 30 min, which is significantly less
than time intervals, during which the radio flux remains relative-—
ly stables Thus, changes of the radio flux have the shape of
"gteps", whose amplitude is about 0.5 SFU /5/. _

The increase in flux of the polarized emission during the evo-
lution of & sunspot group occurs abruptly as well. However, the
duration of the "steps" is somewhat longer, 40-50 min., It is inte-
resting to note that the "steps" in the polarized emission flux
sometimes do not coincide in time with those in a total intensity
flux. These results confirm the picture of development of polari-
zed emisslon sources in the early evolutionary stage of the active
region at 3.2 cm wavelength as described in & paper /6/ which re-
ported, for the first time, on the detection of such a step-like
character in the grpwth of polarized emission.

1¢2¢ The helght distribution of raedio brightness in the active
region corona. Owing to many hours of deily observations of the
S-component sources, we are able to observe the appearance of sour-
ces from behind the limb and their disappearance behind the limb.
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F i ge 3. The variation of the radio flux during
the appearance of a leeding sunspot of the sun-
spot group from behind the limbe.

By anelyzing such observational data, it becomes possible to gain
information on the helght distribution of redio brightness in the
active region corona.

Fig. 3 shows the variations of the radio flux during the appea-—
rance of a leading sunspot of the sunspot group from behind the
~ limb. When the sunspot was crossing the limb, there occurred an
abrupt increase of the radio flux which lasted about 30 min. Abrupt
changes of opposite sign are also observed during the diseppearance
of large sunspots behind the limb. Such a character of the varie=-
tion of the radio flux during the appearance and disappearance of
sunspots behind the limb seems to be associated with the presence
(in the corona over the sunspot et a small height above the photo-
sphere) of a compact and bright source of an extent in height of
the order of 1000 km. The very abrupt chenges of the flux indicate
that the S—component source cores eppear (disappear) from behind
(behind) = very thin opaque screen which is, most probably, the
transition region between the chromosphere and the corona [T/

1¢3. Investigetions of second oscillations of radio emission
flux. Active regions are known to provide sources of solar radio
emission pulsations. The SSRT high spatial resolution opens up the
possibility of investigating the pulsation spectrum of the redio
flux of different perts of the S—-component sources.

Without going into details of the technique for making such
observations /8/, we wish to note that in observations with the
gouth beam at locel noon, there emerge such conditions when the
same area of the solar surface during a sufficiently long perioﬁ of
time (of order of several minutes) is covered by the SSRT directi-
vity pattern, i.e., the "tracking" mode is effecteds In the case of
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F ige 4. The radio brightness distribution of

the S-component source (top) and the second

pulsation spectra for the central (e) and

peripheral (b) parts.
many-frequency reception & fan of knife~edge beams covers the en-
tire Sun or i1ts considerable part, which makes it possible to lo=
ealize radio emission pulsation sources in the active region as
well as investigating the distribution of the pulsation spectrum
over the active region, :

Fige 4 gives an example of the second pulsation spectra for
the central part of the S—component source and for the peripheral
parte It is evident that the spectrad for the different parts of
the source differ substantially.

2. Preflare changes in the active region microwave
emission

241« The relationship of flare activity with the volarization
distribution of the microwave emission. The polarization distribu-
tion of the microwave emission over the active reglon and, espe-
cially, the character of its variation contains lmportant informa-
tion on flare activity of the active region. As one of the three
cmmponents, it is involved in the so=-called Tanaka-IEnome criterion
/9/ which states that the occurrence probabllity for powerful so-
lar flares increases with increasing intensity of the total emis-
sion flux at 3.2 cm wavelength, wilth increesing ratio of the 3.2
cm flux to 8 cm flux, and with the transition of ths polarized
emission distribution from the S~ to E~ end P-configurations. This
criterion is used for predicting proton flares. Levertheless, in
a great variety of cases it was not possible to p;;dict proton
flares using the Tanake-Enome method /10/ «

‘/In-a”pape{”[lzf,fan analysis wes made of several cases of an
obvious diacfeﬁancy of the Tanake-Enome criterion with the obser-
ved polarization distribution prior to proton flares and it was
pointed to the possibility of'overcoming this difficulty, by ta-
king account of the dependence of the polarization distribution on
the active reglon location on the disk. The techniqus for taking
it into account implies dividing the solar disk into longitudinal
areas and determining e "normel" polarization distribution in each
individusl area /12/. A deviation of the observed pole-ization
distribution from a "normal" one in the area where & given active
region is located, rather than the correspondence of the observed
polarization distribution to the particular type of configuration,
is teken as the criterion for a preflare situation.
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In order fo verify this supposition and to extend it to flere
activity, as a whole, an analysis was made of observetional deta
on the polarization distribution over active regions es obtained
on the SSRT during 1982-1986 /12, 13/. The results have shovm that
the predictability for quiet and disturbed days end powerful solar
flares is higher with the modified criterion as compared with the
Taneke-~Enome criterion.

2+2+ The subflare — microwave burst correlation as a characte—
ristic of the active regzion evolution. Powerful solear fleres (of
importance 2) approxzimately in T75% of cases are accompanied by
radio emission bursts in the microweve range of wavelengths /14/.
With decreasing flare importance, this correletion becomes substan—
tially weeker and mekes up, for subflares, not more than 50% /15,
16/+ As & reflection of the higher occurrence probability for large
solar flares in sunspot groups with a complex configuration of mag-
netic fields, the ratio of the number of bursts to the number of
flares (NB/NF) varies during the course of the active region deve-
lopment and reaches a maximum value of sunspot groups of classes
Ey F and G /17/. Interestingly, the "subflare/burst" reletionship
also undergoes chénges during the active region lifetime /18-20/.
In some periods, especially when powerful solar flares are produ~—
ced in the active region, the measure of the subflare/burst rela-
tionship can exceed 70%.

Investigations made on the basis of SSRT observations of a num—
ber of active regions with a different character of the develop=-
ment /21/, have shown that the degree of sﬁbflare/burat relation-
ship doees not depend or depends weskly on such characteristics of
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F i g 5 The behaviour of the subflare-burst relation-—

ship for active regilons with powerful solar flares

(moment of time O day merks the beginning or end of

disturbed periods of active region development).
subflares in the H =~line as the time from the flare onset to its
intensity maximuun and the subflare duration and area. A stronger
dependence on the subflare brightness has been established. The
overwhelming majority of subflares of importance SB are accompanied
by microwave bursts. Subflares of importance SF predominate among
subflares unaccompanied by bursts; However, there are a sufficient-
ly large subflares SF, weak in brightness, among subflares accom-—
penied by bursts as wells

The degree of subflare/burst correlation begins to increase
approximately 24 h before the production of a large solar flere,
remains high as long as large flares are observed and persists
8till sufficlently high the next day after cessation of large fla=
res (Fig. 5).

Thus, the degree of subflare/burst correlation is & rather sen-
sitive indicator of the state of the active region and, in conjunc-
tion with other flare activity criteria, can be used for purposes
of meking short-term predictions of powerful solar flares.

2+3. Spatial fluctuations of local radio emission sources. On
the basis of an anelysis of "source structure - time" diagrems, a
study was made of dynamic characteristics of microwave emission
distributions both during periods of quiet development of active
regions and at the time of their activation. Quiet periods are cha=-
racterized only by brightness fluctuations without appreciable chan=
ges in the size of the source, i.e., the source structure does not
undergo any drastic deformation. In periods of increased activity,
radio emission fluctuations of local sources are largely manifested
in chenges of its structure /22/.
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F 1 g 6. Successive brightenings of mdifferent parts
of the S-component source before a flare.

The microwave emission of active regions, in which large fle-
res (of importance greater than unity) are observed, show alterna=-
ting increases and decreases in the radio emission flux of diffe-
rent parts of the source (Fig. 6). This process starts in a time
interval from a few tens of minutes to several hours, prior to the
flare production. The time scale of such quasi-periodic oscilla-
tions is about 10 min, end the amplitude ranges from 0,71 to 1.0
SFU and increases while epproaching the flare onset. Such & pro-—
cess tekes place not only in the integral radio flux but also in
its circularly polarized component /19/.

Conclusions

The observations on the SSRT have confirmed the high informati-
vity of the microwave emission for investigating evolutionary fea-
tures of active regions as well as the correctness of the design
solutlons when developing and constructing the telescope. Owing to
this:

a) the aveilable date on the development of active regions have
been ascertained and complemented substantially;

b) new evidence has been obtained, for example, the nonmonoto-
nous character of the corona heating over the active region or the
pulsating charaecter of the atmosphere behaviour over sunspots and
hhe character of the atmosphere behaviour over'sunapots;

~ ¢) investigations of the least-studied initial stage of deve-
lopment of the active region, i.e., the process of its origilnation
and of emergence of new magnetic filelds into the solar atmosphers,

have been initlated; and

d) the solar flare protonicity criterion has been modified.

23 Prolonged observations on the SSRT throughout the entire
deytime are very effective for the study of dynamic properties of
the development of active regions and of the relationship of radio
bursts with flare activity. This contributes to the study of builld-
up processes of flares and of their forerunners as well as of the
height structure of active regionse.

3) The principle of operation of the SSRT mekes it possible to
determine the production site of microwave emission pulsations of
ective regions. '
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Abatrect

in thio peper using once=dimengional scans of polavization dipe

rivution of microwave emission in uctive rogions, os obtuincd
et the Uiberien Colar hadic Teleacope (SULE, A & 9.2 cm, during
198:=1986, an enulysis ig mede of cuses of un obvious violution
of the Tunaga=-lnorg crilterlon before proton flarcws, and a modie
ficd criterion is suggeoted, which tekes account of the active
reglon pogition on the disk. A compurison 1s madc of the two crile
terde end 1t is shown that the modifled criterion pyovides u novo
poverful tool for predicting the cctive region conditions.

“uc polurizetion distribution of microwave crigsion over the
cctive region avd, oopeciclly, the churucter of its variction
contuing important lanfeoruution on filore activity of tac cciive ro=
¢ione 4o one of the throee couponents it is involved in thu co-
called Yamwku~iniome criterion (Tincka end =umomc, 197Y9) which
stuteo thet the occurrence probability of powerful solur ilercse
itcreuses with increcolng iutensity of o totel intensity fiw: ot
Je2 cu wuvelength and with increesing rutio 0f 3.2 cu to 860 ci
fluxes eo well ec with the trensition of the polerisution distyie-
buticn from b= to = and reconfigurotiony (see Figure 1a)e fHowe
evexr, 1o o lexge nunber of ceses on obvious incousistency of this
conciusion to tho observed polarization distribution wos obscrved
(fovobchuk and “eterove, 1984)e Lokolmov et ule (1980) cnoiyoed
several cugeg o puch en obvious discreponcy cnd poiluted to v pos-
ivillty of evoiding this cifficulty by teizin: account of the
dependence of tue polarizetion distribuition on the active region
poaition on the disice

Ao 1s known (Logleznyukovy 1964, os a circulur*y nolurioes
cunioolon treverses o region of guepi=trunsvoerse roguotic ficld,

circiler polarizution chenges ito gign. Thercfore, ithe poli=
rizution digtrivution of the cermilogion f£roo « bipoiay cctive seglon
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o3 1t pesees acrosy the diok, changes accoyding v«g tho emisolon
Irom local sources locoted ebove the leoding and followiny sull=
cpots, poasses through the region of quasietyrunaversce wxgnetic £ield
between thems Thus, one cen distinguich on tho Aivk symmetric
(vwith respect to the centrvl meridien; zonoo, cech of which hog its
wn cherecter of the polurized emission distribution in the cctive
region ("norgal" distribution)s 1 = zoune of unpolarized culssion,
ik = zone with & lerpgely Seconfipguration, and III - gone with o
lorgely Be=configuration (Figure 1bje These zones are separatced
by relutively narrow trunsition zones which moy tentetlively be
celled the gones of polarization cign inversione

She deviation from o "normal" polarieation disiributlon in cocch
irdividusd zoune will lergely be detercdnod by peculiazrities in the
gtructure of corobal uagretic f£ields of the active rogione I auch
& cewe the deviation of the oboerved polerization distribution
frou "pormel" in thet zome whore e given actlve region is located,
rether the belonging of the distzibution to u glven type 0f confi-
gurstion, sbould be regarded vo the critorion for u preoficre uiituie
tione following this reasoiing, 1t misht be expected thet in zono
Il tike tronocition from tho S= to L-confipuration of the polarizo-
tion distributlon, eccoxding to the Tonekeeinome criterlon, will
indicete @ high probebility of powerful flare occurrence. But in
£01oe 1ii, conversely, the trunoltion from the = to Lecontigurae
tion proves to be o typlcal sigrature of tne proflerc oituation,
which 1o oppogite in cenge to the Taheke~inone criterion. UF cour—
ocy in this cuave we muot bo confidont that tho transition fron
the &= to S=confisuraiion occurs not as o consequence of a docoy
or disappeurance of the leading or following suncpote In flone I
ehnd I en indicatlon of ficre activity may ba, respectively, the
appearence of the polurised cmioslon frow the vetive reglon end
the noncorregpordence of the sign of circuler polerisation of . the
uugnetic fiedd poluarity of the iowding (on tho cust iimb) or fole
lowing (on the wout 1imb, cunspote It io natural to coupider the
Ye=confipguration to bLe flcre-dongerous in oll sonese

In ovder to verlfy this suppogition and to cxtend 4t to the

Zilozo vetivity ws o whole, we have cnulyzed obsorvational duta
cu tie polarization distribution in active regions eu obdtuined
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st the LSLT for the period 1982«1980 (iukslimov et aley 1988,6¢ In
this ccse for caoch day of active region obsorvation, the noon scan
(U5:00 UT) wano used to merik the type of polerigetion distribution,
a sketch of a sunspot group was mede, with tho sunspot ragnetic
£iold polerity irdiceted, ard flaroo of ioportence » I L were
notede By summing deto on all ective reglons separately for cech
zone and foreech type of polarization distribution, we detorcined
the number of doys during waich oll tho 28 ectlve Zeglons unelysced
lied in given zones with a given typo of polarization distribution
6o well us the numboer of flares that had occurred under these con=
ditlons. aAccording to tho sarme priﬁciple. vie determined tho nurber
0f guiet deys (the day wes considered quiet wion the sctive regilon
did not produce flares of irportence » 1).

A proliminery enalyois huo shown that, wccording to tholxr churoc-
terigtico, intezmediate gono “day =" is closc to gone 1i, while
intormediote zone"day +3" i1s clioose to zone III. Zeking thio iato
account we have presented the data in Tablo I; the donsity of flo=-
res for eech 0f the zonea eund coafigurations is also given helcs
By the density of fleres we understand the ratio of the number of
fleres that occuryed in all active regions during thelr persletence
in o given gono with o given polorization cistribution, to the
numbor o0f days during which ectivo regionc perolst undor thoso cone
ditiorva. Tne denm;ty of floros wes counted for ell fiesco and Oopae=
rotely for flaree of importence 1l end flures of iuportancelils
e ot noto, firot of ell, thut tho avoailable dete for the fLirot
cind tho intercediote zongs ere insufficient for rore=0r=long ic-
lieble conclusionss. Therefore, we shall focus ctteatlon on wvnoly-
zing tho oitustions in zonos II and IXZ. In eccordunce with tho
Tunsko=inone critorion, tho groutest denvity of fleres in both
vones refero to tho ve=configurction. In gone Ii the Llure producti-
vity of the I=~configuretion is higher oo coupayed with tho l-conliw-
guration. But in gono III, on the contrary, the fluve productlvity
of the t=confipurction io higher wo coppared with the c=conflousie-
ticne ~tid this coffect lg pore pronounced £o3 powerful Lloros of
importunce X 136 Y.arces of iwpoxtance 1 vecm to hwmve porc or
loos the vere piovabliity in thc cuue of both the o= ond Le=configu-
rotions.
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Thus, a statistical inveatigation confirms the conciusion drewn
by liksimov et el. (1988) that 1t io necesssry to take uccount of
the sctive region position on tho disk when enalysin; the poluricue
tion distribution, with the purpose of predicting powerful solor
flereg,

Evidence in favour of our supposition coy elready be found in
Tenckta and Enome's (1975) paper itselfe Accoxdiny to the dety lise
ted in Tublo I of theilr paper, six ective regiong with en Ueconfie
guration of the polarization distribution ot 3 oo wavelength pro-
duced 7 proton fleres end 2 weck proton oventse In thiu ccag 5
cvents occurred in zome III, 2 events occuvred in cons I and only
2 cvents (one of which was a weaek one) occurred in zone ITe COle
sgquently, 7 of 9 proton events occurred in the flarc=daiserous
cituctions wo are suggestings row Teble 1II 4t follows thut tho
iatio of the number of proton flures (including week oncn, to the
number of active reglons with a Pe, f~, and wconfigususion wea,
rospactively, 2, Ce2 und UeS5e If it is talzen into congideiction
that tho number of ective regions with on s=configuration included
wleo unipolar surgpot groups, then ong should recognise that tho
productivity of regions with an Seconfigurution with raapect fo
proton fleres ig high.

Iz oxder to coupare tho offectivonesa of prediction uging tho
S.neka-soome criterdon and the rodificd crilterion, an epignogis
of the state of netive reglons using both criteric was mede. ie
gnoels results for gounes IT and 1I7 and only for zonu III erc
proeonted In Teble 24 Tho number of quiet and aisturbud duys woeo
predicted as woll ao tho number of fleres scparctoly in importanco.
{able 2 glves the obsorved number of qulet eud disturbed duays end
e nusher ¢f flarcs for the zones indicatede The predictabillity
Tor disturbed days, for cxemplcs was caleulated in the following
vaye In each zone, the number of deys wag calculeted, when actilve
regiony hod @ fleveedangerous polarization distribution (e and e
configurations in both zones according to the Tenuka=Lnone ¢zitoe
vlon, L~ ond P=configurutions in gone Il and Ue ond Cwconfisurie
tlons in wonc IIT &ecording to tho modified criterion) und, uitew
vhat, the cuwsbor of obsorved disturbed dayo in supnoscd flavge
dangerous configurations wug colewletods The ratio of the iatiex
to tho Zormer in perceategs wus takon os the predictebility fox
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disturbed dayse. The daoy was considered disturbed if the region
analyzed had produced at least one flere of importance > 1. The
predictability for quiet days was determined in a similar way cs
wells. The predictability for fleres wes determined as the ratio of
the numbey 0f flares occurring at the time when active regions had
a flore-dangerous polarization didgribution, to the number of all
flares of & given ilmportance occurring in these active rogionse

Tuble 2
Purametor Zonegs II and IIIX Zone IIX
predicted Humber According According Number According tos
of to the to the of Taneka- nodified
events Tanekae rodified events [nowme crite-
Knone criterion, crite-= rion
criterion % rion
Guiet days 131 47 55 66 38 55
Disturbed days 149 53 65 93 54 68
IMleres: 1M 139 40 53 88 44 66
1B 117 32 67 82 33 82
2N 12 42 20 T 1 29
2k 32 38 69 19 37 89
3N 2 100 0 2 100 0
3B F 5 33 67 1 0] 100

The Table 2 data show that the predictubility for’quiet and dis-
turbed days,of flares of importence 1li, 1B and 2B according to the
rmodified criterion is higher as compared with the Tenake-Enone
criterion, end this is wogt pronounced in zone 1IIi. It is obvious
that because of the small number of observed cases one should not
impart some special significance to the resulte for flares of im=
portance 2L, 3ii and 3B.

Ay one would exzxpect, analysis of the polerigzation distribution
of microwave ocnission only is insufficient for en oeffective predic-
tion of flure activity. lHowever, sinco the polarization distribu-
tion iz en importent component of the Zonaku-bnomo criterion ite
self (Tunake and knome, 1975) and of its expanded modification
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(Gelfreikh et al., 1987;, e correct eccount of this chuvuctesr s=
tic influcnces substantlelly the cffectiverncss of the prediction
o5 & wholee
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