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ABSTRACT

Type-III burstsaresignaturesof theelectronbeamsacceleratedduringthesolarflares,their observationandinvesti-
gationprovide informationof theaccelerationprocesses,thecharacteristicsof theexciting agentandtheacceleration
site. The Brazilian SolarSpectroscope(BSS), in operationat INPE, Brazil, have recordedtype-III radio burstsin
decimetricrange(2050-2250MHz) with high time resolutionof 20 ms. Decimetricreversedrift burstsarepossi-
bly generatedin a denseloop by electronbeamstravelling towardsthephotosphere.Hencetheir time profilesshould
carrysignaturesof thedensityinhomogenitiesin theloop. Herethetemporalandspectralcharacteristicsof decimetric
type-III burstsarepresented.

INTRODUCTION

Thedecimetrictype-III (type-III-dm,hereafter)burstshave beeninvestigated,by variousresearchgroupsin the
frequency rangeof 1000-3000MHz (Fernandes,1992;Sawantet al., 1994;Isliker

�
Benz,1994;Aschwandenet al.,

1985;Aschwandenetal., 1995;Fernandesetal., 1996;Melendezet al., 1999),alsobetween3100-5200MHz (Stahli�
Benz,1987),andat 8400MHz (Benzet al., 1992).However, mostof theseobservationsarecarriedout with time

resolutionof 100 ms, whereasMelendezet al. (1999)have shown that normally decimetrictype-III burstslast for
about300ms. Theobservationswith a time resolution � 100msarenot suitableto make anaccurateestimationof
their temporalcharacteristics.

RecentlyBenzet al. (2001)have reportedhigh sensitivity observationsin the1000-2000MHz frequency range
with a 40 ms time resolution,whereasWanget al. (2001)useda 8 ms time resolutionto observe in the rangeof
2600-3800MHz. However, thereis a lack of high time resolutionsystematicinvestigationsof the time profilesof
type-III burstsin the decimetricwavelengthrange. Preliminaryobservationsof time profilesof the type-III bursts
with 20 mstimeresolutionsarebeingreportedherefor thefirst time.

OBSERVATIONS AND ANALYSIS

Brazilian SolarSpectroscope(BSS)(Sawant et al., 2000;2001)hasobserved high time resolution(20 ms,50
ms)type-III-dm bursts.Particularly, theobservationsusinga 20 mstime resolutionin 50 frequency channelswithin
thefrequency range2050-2250MHz werecarriedoutatSeptember, 2001.

Togetherwith thetwo isolatedbursts(observedat13:03UT, and16:06UT) onegroupof type-III-dmburstswas
observed at 13:04- 13:05UT on September13, 2001. The groupconsistsof morethanten individual type-III-dm
bursts. Eight isolatedburstsfrom this group,togetherthe two isolatedmentionedabove, wereselectedfor detailed
analysisof their time profiles.Thepartialdynamicspectraof thegroupis shown in Figure1. Ondrejov Observatory
(0.8-2.0GHz; 2.0-4.5GHz) hasalsoobservedthesebursts.

FromtheBSSdatawe measuredthe instantaneousbandwidthof eachindividual type-III burst,andthevalues
rangedfrom 16 to 188MHz. For 80� of theburststhemeasuredinstantaneousbandwidthis over 70 MHz with an



averagevalueof about100MHz. To estimatethefrequency drift rateweconsideredthetimeof peakintensityfor two
distinct frequency channels,in thefrequency rangeof thebursts.Theestimateddrift ratesrangedfrom 700to 6400
MHz/sec. For two casesthe drift is over the instrumentallimit (10� MHz/sec,for the chosencombinationof time
resolution,bandwidth,andnumberof frequency channels).It hasto be remarked that reversedrifts weremeasured
for 7 outof the10 burstsinvestigated.

Fig. 1. Dynamic spectra of the high time (20 ms) resolution type-III-dm bursts observed about 13:05:30 UT
on 13th September, 2001.

To obtainthetime profilesthebackgroundis subtractedandmeasurementsof riseandfall timesarecarriedout
at anintermediatefrequency channelof thebursts.Thetime profile of theburst recordedat 13:04:29.6UT is shown
in Figure2. As seenfrom thefigure,therisetimesat half power aswell asat the1/e-foldpeakintensityaresligthly
shorterthanthecorrespondingdecaytimesof theburst. However, theotherburstobserved at 13:05:31.9UT shows
a rise time longerthanthedecaytime asseenfrom Figure3. Also, burstsareobserved with rathersymmetrictime
profiles.Thehalf-power durationin oneintermediatefrequency channelfor therising phase( ��� 	 
 � � ) andthedecay
phase( ��� 	 
 �  ) alongwith thee-fall durations( ��� � � , ��� �  ) for thetenburstsaregivenin Table1.

Table I. Properties of High Resolution Type-III Bursts
N � Peaktime Freq.range Instant. � t 	 
 � � � t 	 
 �  � t � � � t �  Drift rate

(UT) (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 � 10�
4 13:05:25.1 2050-2138 88 19 18 29 26 � 10�
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-III 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 Tablearegiven time of peakintensity, frequency range,instantaneousbandwidth,andfrequency
drift rate.

For seven burststhe rise timesat thehalf power intensityrangedfrom 18 to 77 ms while valueswithin 16-60
ms weremeasuredfor the decaytimes. For six burstsit wasposibleto determinethedurationat the 1/e-fold peak
intensity. The valuesobtainedarewithin the rangesof 27-127ms and23-207ms, for the rise anddecayphases
respectively.

Differentfitting functionsweretried at two selectedfrequency channelsof theburstsfor detailedinvestigations
of theriseandfall timeprofiles.Theresultsindicatethatmost,56� , of thetimeprofilesduringtherisephasearefitted
by a linearfunction,although37� of themarefitted by anexponential.During thedecayphase,thetimeprofilesare
dominatedby anexponentialcurvefitting. However, 42� of timeprofilesin thedecayphasewerebestfittedby either
power-law or linearfitting functions.

INTERPRETATION AND DISCUSSION

Fromthemeterwave studies,oneexpectsa linear riseandanexponentialfall of theradioemission.However,
we seefrom the presentobservations that this may not be always true for the burstsat decimetricwavelengths.
Specially, thehightimeresolutionobservationsduringtherisephasepresentedhereindicatethatfor 7 of the10bursts
investigateda linear function is thebestfit for the time profile in at leastonefrequency channel.However, thereis
a significantpercentageof burstswhoserise phaseis betterfitted by an exponentialfunction. Any departurefrom
the linear rise time is a signatureof the nonuniformitiesin the speedof the electronbeam. In fact morethanone
beammayberesponsiblefor theburst if therisephaseappearsto bea complex functionof time. Thetruenatureof
the velocity distribution andhencethe accelerationprocessof the energetic particlescanbe studiedby obtaininga
detailedtemporalprofileof therisingphaseof thebursts.

Theexponentialfall timeof theradiointensityis equalto theinverseof theCoulombcollisionfrequency between
electronsandpositive ions ( � � � ) for the emissionat the fundamentaland it is equalto four-times this time for the
emissionat thesecondharmonicof theelectronplasmafrequency.

Assumingthetype-III-dmemissionatsecondharmonicoriginatesfrom aregion wheretemperatureanddensity
are � � � ��������� � � �! "��$#�� � % & ' (*),+ . Then,onecanestimatethe collision frequency betweenthe electrons
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Fig. 3. High resolution (20 ms) time profile at 2130 MHz for the type-III 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.

andthepositive ions. If the relaxationis yieldedby the electron-ionCoulombcollisions,thenwe canestimatethe
relaxationtime approximatelyast-*. 4// 0 1 1 . For the sake of simplicity, we will considerthe collisionsbetween
electronandionsonly. Then,theeffective collision frequency of electronsandionscanbegivenby (Zheleznyakov,
1996):

/ 0 1 12.3/ 0 465
798 7 : 0;=< > ?A@ BDC

E F G ; ? > <
:IH > <0

J
(1)

whereN 0 is theelectrondensity, / 0 1 1 , theeffectivecollision frequency, / 0 4 , thecollision frequency betweenelectrons
andpositive ions,andT, thetemperature.

Let f = 2150MHz betheemissionat thesecondharmonicof theplasmafrequency, thenN . 1.4 K 10H L cmM < .
AssumingT . 6 K 10N K, oneestimate/ 0 1 1 . 16 sM H . In this case,we obtaint-AO 63 ms. This is of theorderof
theaveragedecaytime ( P�Q 0 R ) we measuredfrom our sampleof 10 type-III-dm bursts.Thus,thee-fall timesof the
burstsreportedherecanbeexplainedwithin theCoulombcollisionmodel.

Detailedinvestigationsof thetemporalvariationof thetype-III-dm burstsemissionby studyingthebehavior of
thedifferenttime durationsasa functionof theemissionfrequency, usingthe50 frequency channels,aswell asthe
interrelationshipsif any amongtheriseandfall durationsis underinvestigationandwill bepublishedelsewhere.

CONCLUSIONS

We have observed type-III-dm radio burstswith high frequency and time resolutions. Investigationsof time
profile of thetype-III burstswith high (20 ms)time resolutionshows thatasymmetricandnearlysymmetricriseand
decayphasesarein contrastto thelinearriseandexponentialdecaytimesasobservedin meterwavelengths.
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