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ABSTRACT

Type-Ill burstsaresignaturef the electronbeamsacceleratediuringthe solarflares,their obseration andinvesti-
gationprovide informationof the acceleratiorprocessegshe characteristicef the exciting agentandthe acceleration
site. The Brazilian Solar Spectroscop€¢BSS),in operationat INPE, Brazil, have recordedtype-Ill radio burstsin
decimetricrange(2050-2250MHz) with high time resolutionof 20 ms. Decimetricreversedrift burstsare possi-
bly generatedn a densdoop by electronbeamdravelling towardsthe photosphereHencetheir time profilesshould
carrysignature®f thedensityinhomogenitiesn theloop. Herethetemporalandspectratharacteristicef decimetric
type-1ll burstsarepresented.

INTRODUCTION

Thedecimetrictype-lll (type-llI-dm, hereafterpurstshave beeninvestigatedby variousresearclgroupsin the
frequeng rangeof 1000-3000MHz (Fernandesl992;Savantetal., 1994;Isliker & Benz,1994;Aschwandenretal.,
1985;Aschwandenetal., 1995;Fernandegtal., 1996;Melendezet al., 1999),alsobetweer3100-5200MHz (Stahli
& Benz,1987),andat 8400MHz (Benzetal., 1992). However, mostof theseobserationsarecarriedout with time
resolutionof 100 ms, whereasMelendezet al. (1999)have shavn that normally decimetrictype-I1l burstslast for
about300ms. The obserationswith atime resolution> 100 ms arenot suitableto make an accurateestimationof
theirtemporalcharacteristics.

RecentlyBenzetal. (2001)have reportedhigh sensitvity obserationsin the 1000-2000MHz frequeng range
with a 40 mstime resolution,whereasWanget al. (2001)useda 8 mstime resolutionto obsere in the rangeof
2600-3800MHz. However, thereis a lack of high time resolutionsystematidanvestigationsof the time profiles of
type-1ll burstsin the decimetricwavelengthrange. Preliminaryobsenrationsof time profiles of the type-IIl bursts
with 20 mstime resolutionsarebeingreportedherefor thefirst time.

OBSERVATIONSAND ANALYSIS

Brazilian Solar SpectroscopéBSS) (Sawvant et al., 2000; 2001) hasobsered high time resolution(20 ms, 50
ms) type-IlI-dm bursts. Particularly the obserationsusinga 20 mstime resolutionin 50 frequeng channelswithin
thefrequeng range2050-2250MHz werecarriedout at September2001.

Togethemvith thetwo isolatedbursts(obseredat13:03UT, and16:06UT) onegroupof type-Ill-dm burstswas
obsered at 13:04- 13:05UT on Septembef.3, 2001. The group consistsof morethanten individual type-IlI-dm
bursts. Eight isolatedburstsfrom this group,togetherthe two isolatedmentionedabove, were selectedor detailed
analysisof their time profiles. The partial dynamicspectreof the groupis shavn in Figurel. Ondrejow Obseratory
(0.8-2.0GHz; 2.0-4.5GHz) hasalsoobseredthesebursts.

Fromthe BSSdatawe measuredhe instantaneoubandwidthof eachindividual type-Ill burst, andthe values
rangedfrom 16 to 188 MHz. For 80% of the burststhe measurednstantaneoubandwidthis over 70 MHz with an



averagevalueof aboutl00MHz. To estimatehefrequeng drift ratewe consideredhetime of peakintensityfor two
distinctfrequeng channelsjn the frequeng rangeof the bursts. The estimatedrift ratesrangedfrom 700to 6400
MHz/sec. For two caseghe drift is over the instrumentalimit (10 MHz/sec,for the chosencombinationof time
resolution,bandwidth,and numberof frequeng channels).lt hasto be remarled that reversedrifts weremeasured
for 7 out of the 10 burstsinvestigated.
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Fig. 1. Dynamic spectra of the high time (20 ms) resolution type-1ll-dm bursts observed about 13:05:30 UT
on 13th September, 2001.

To obtainthetime profilesthe backgrounds subtractecandmeasurementsf rise andfall timesarecarriedout
atanintermediatédrequeng channelof the bursts. Thetime profile of the burstrecordedat 13:04:29.68UT is shavn
in Figure2. As seenfrom thefigure,therisetimesat half pover aswell asat the 1/e-fold peakintensityaresligthly
shorterthanthe correspondinglecaytimesof the burst. However, the otherburstobsered at 13:05:31.9UT shaws
arisetime longerthanthe decaytime asseenfrom Figure 3. Also, burstsareobsered with rathersymmetrictime
profiles. The half-pover durationin oneintermediaterequeny channeffor therising phasgAt, /o) andthe decay
phase€(At, ;2p) alongwith thee-fall durationg(At. R, At.p) for thetenburstsaregivenin Tablel.

Tablel. Propertiesof High Resolution Type-111 Bursts

N# Peakiime Freq.range Instant. At Atysp Ater Atep Drift rate
(um (MHz) BW (MHz) (ms) (ms) (ms) (ms) (MHz/s)
1 13:03:56.9 2050-2250 24 - - - - -2690
2 13:04:29.6 2074-2250 96 23 31 36 38 -2714
3 13:04:30.8 2218-2234 16 18 18 27 28 > 10t
4 13:05:25.1 2050-2138 88 19 18 29 26 > 10t
5 13:05:29.8 2050-2206 76 - - - - -1767
6 13:05:31.9 2050-2250 120 36 24 48 48 -2483
7 13:05:41.0 2050-2250 164 77 60 127 207 -3000
8 13:05:43.2 2050-2242 76 24 60 - - -6400
9 13:05:50.1 2062-2250 188 66 16 81 23 -4857
10 16:06:57.4 2050-2190 140 - - - - 701
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Fig. 2. High resolution (20 ms) time profile at 2106 MHz for the type-Ill bursts observed about 13:04:29.6
UT on 13th September, 2001. A rise time shorter than the decay time at the half power as well as at 1/e-fold
peak intensity is clearly seen.

Also, in the Tableare given time of peakintensity frequeng range,instantaneoubandwidth,and frequeny
drift rate.

For seven burststhe rise timesat the half power intensityrangedfrom 18 to 77 ms while valueswithin 16-60
ms were measuredor the decaytimes. For six burstsit wasposibleto determinethe durationat the 1/e-fold peak
intensity The valuesobtainedare within the rangesof 27-127ms and 23-207ms, for the rise and decayphases
respectely.

Differentfitting functionsweretried at two selectedrequeng channelf the burstsfor detailedinvestigations
of theriseandfall time profiles. Theresultsindicatethatmost,56%, of thetime profilesduringtherisephasearefitted
by alinearfunction,although37% of themarefitted by anexponential.During the decayphasethetime profilesare
dominatecby anexponentialcune fitting. However, 42% of time profilesin thedecayphasewnerebestfitted by either
powerlaw or linearfitting functions.

INTERPRETATION AND DISCUSSION

Fromthe meterwave studies,oneexpectsa linear rise andan exponentialfall of the radio emission.However,
we seefrom the presentobserations that this may not be always true for the burstsat decimetricwavelengths.
Specially thehightime resolutionobserationsduringtherise phasepresentedhereindicatethatfor 7 of the 10 bursts
investigated linear functionis the bestfit for the time profile in at leastonefrequeny channel.However, thereis
a significantpercentag®f burstswhoserise phaseis betterfitted by an exponentialfunction. Any departurefrom
the linearrise time is a signatureof the nonuniformitiesin the speedof the electronbeam. In fact morethanone
beammay be responsibldor the burstif therise phaseappeargo be a complex function of time. Thetrue natureof
the velocity distribution andhencethe acceleratiorprocessof the enegetic particlescanbe studiedby obtaininga
detailedtemporalprofile of therising phaseof thebursts.

Theexponentialall time of theradiointensityis equalto theinverseof the Coulombcollisionfrequeng between
electronsand positive ions (v;) for the emissionat the fundamentalandit is equalto four-timesthis time for the
emissiomat the secondcharmonicof the electronplasmafrequeng.

Assumingthetype-Ill-dm emissionat seconcharmonicoriginatesirom a region wheretemperaturanddensity
arel0®K < T < 10°K; N, ~ 10'%m~3. Then,onecanestimatethe collision frequeng betweerthe electrons
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Fig. 3. High resolution (20 ms) time profile at 2130 MHz for the type-Ill bursts observed about 13:05:31.9
UT on 13th September, 2001. An asymmetry between the rise and decay times at half power is showed.

andthe positve ions. If the relaxationis yieldedby the electron-ionCoulombcollisions,thenwe canestimatethe
relaxationtime approximatelyast, ~ 4/v.;¢. For the sale of simplicity, we will considerthe collisions between
electronandionsonly. Then,the effective collision frequeng of electronsandions canbe given by (Zheleziyakov,
1996):

55N, 104T2/3
Veff ™ Vej = In( ) (@)
T3/2 Ne1/3

whereN, is theelectrondensity v, ¢ ¢, theeffective collision frequeng, v;, thecollision frequeng betweerelectrons
andpositive ions,andT, thetemperature.

Let f = 2150MHz bethe emissionat the seconcharmonicof the plasmafrequeng, thenN ~ 1.4 x 10t cm3,
AssumingT ~ 6 x 1(f K, oneestimatev.sr ~ 16 s~L. In this casewe obtaint, ~ 63 ms. Thisis of the orderof
the averagedecaytime (At,p) we measuredrom our sampleof 10 type-Ill-dm bursts. Thus,the e-fall timesof the
burstsreportecherecanbe explainedwithin the Coulombcollision model.

Detailedinvestigationf the temporalvariationof the type-Ill-dm burstsemissionby studyingthe behaior of
the differenttime durationsasa function of the emissionfrequeng, usingthe 50 frequenyg channelsaswell asthe
interrelationship# any amongtheriseandfall durationss underinvestigationrandwill be publishedelsevhere.

CONCLUSIONS

We have obsered type-Ill-dm radio burstswith high frequeng andtime resolutions. Investigationsof time
profile of thetype-Ill burstswith high (20 ms)time resolutionshavs thatasymmetricandnearlysymmetricrise and
decayphasesrein contrasto thelinearriseandexponentialdecaytimesasobseredin meterwavelengths.
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