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RESUMO

Iniciado em agosto de 2003, tem como objetivo a continuidade ao projeto de
Iniciagdio Cientifica em andamento para a implementagio de rotinas computacionais ¢
da aplicagfio e desenvolvimento de novas aplicagdes para dinamizar o estudo de dados
na analise de explosOes solares registradas pelo Brazilian Solar Spectroscope (BSS), em
operagdo no INPE desde 1998, tendo como nova solugio a criacdo de novos softwares
como apoio no tratamento dos dados . Dois programas para a visualizagio e o
tratamento dos dados do BSS sdo usados atualmente: BSSView e BSSData. Os
Softwares auxiliat( VELODERI ), assim criado facilita o calculo da taxa de deriva em
freqii€ncia e da densidade de fluxo das explosGes solares. Assim pelo curto perfodo de
execugiio do projeto (4 meses), foram reatizadas apenas atividades introdutérias sobre o
funcionamento global do BSS, em particular do sistema de aquisicio e do formato dos
dados digitais e dos programas de visualizagdo ¢ tratamento de dados em utilizagfio. Os
resultados parciais obtidos sdo: o inicio ao aprendizado do ambiente de programaciio
IDL  (Interactive Data Language from Research Systems), uma linguagem
mundialmente utilizada em diversas 4reas de pesquisas espaciais € na qual os programas
para o tratamento dos dados do BSS sdo desenvolvidos. Inicio do aprendizado na
manipulacdo dos programas BSSView, incluindo duas atualizages realizadas pelo
desenvolvedor “ Cldudio Faria ”, (acompanhada e sugestionado) ¢ BSSData apenas
analisado. Através da utilizagdo destes programas, promoveu-se uma atualizagio da
listagem das explosdes solares ocorridas em 2002, 2003. Para dar continuidade a este
projeto de Iniciagio Cientifica estdo programadas as atividades; aperfeigoamento do
conhecimento da linguagem IDL, Visual Basic 6 para implementagfio e aplicacdo de
rotinas especificas e softwares auxiliares para anélise dos dados do BSS, em particular
na determinagéo da taxa de deriva em freqiiéncia e da densidade de fluxo do sol calmo a
partir de dados diarios em diferentes freqiiéncias obtidos via Internet ¢ conclusio da

obtengéo dos espectros dindmicos das explosdes solares registradas pelo BSS em 2002 ,
2003 e 2004.
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CAPITULO 1- INTRODUGAO

1.1 Objetivo cientifico do BSS (Brazilian Solar Spectroscope) :

Observagéao solar de alta resolucado e investigacio de explosdes solares em
banda larga de frequéncia ondas decimetricas (1000 — 2500 MHz),particularmente
explosdes Tipo Ill, Spikes e Patches, para um melhor entendimento de
problemas fundamentais de fisica solar, como o armazenamento e a liberacéo de
energia dos flares e processos de aceleragéo de particulas e sua interagéo com a
atmosfera solar (cromosferica e coroa) e também de explosdes solares Tipo i e
Tipo IV para investigacao de relagdes sol-terrestres.

CAPITULO 2- RESULTADOS ALCANGCADOS

Estudo sobre flare, estudo do sistema de funcionamento do BSS (Brazilian
Solar Spectroscope), pelo seu todo, comecando do funcionamento da antena |,
transmisséo de dados para o sistema de aquisigdo e toda sua diagramagao
algoritmica para a geragéo de dados (*.esp), visualizados pelo programa Bssview,
estudo de explosGes solares e estruturas finas em freqiéncia e tempo .

Acompanhamento de aquisicdo de dados em tempo real do instrumento
BSS obtendo informagéo passo a passo sobre a aquisi¢o.

Extragcdo de estruturas finas, através da ferramenta de extracdo de
conjunto, para estudo avangado de eventos detectados e verificagio de deriva
através do estudo detalhado do evento através de medicdo de tempo detalhado
em milisegundos obtendo a estimativa da velocidade do agente emissor a partir
da taxa de deriva usando um modelo de densidade da atmosfera solar.

Identificagéo de estruturas pela sua medicéo, aplicagéo de ferramentas do
BSSVIEW, sobre dados adquiridos pelo instrumento (tratamento) e estudo de
rotinas do IDL (Interactive Data Language from Research Systems), com o Cédigo
fonte do BSSVIEW, para corregdo de erros ou upgrade's no software (Autor:
Claudio Faria) no uso de aquisi¢do de dados do projeto BSS.

2.1 Trabalhos com software BSSDATA (C++ Builder).

Medi¢do de eventos com preciséo (Mhz / Tempo), com uso de ferramentas
do software BSSDATA e do MS Excel, para elaboragso de graficos.Estudo
de Cédigo fonte para possivel alteragéo.
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2.2 Estudo de criacao de software de Calculo de velocidade e Deriva.

Estudo de software de calculo de velocidade e deriva em linguagem de alto
nivel, com desenvolvimento [dgico avangado em (C++ Builder) para
possivel integracdo ao software BSSDATA, com criacdo de tabelas de
calculo e formulas inseridas no contexto do programa para simplificar o uso
do programa de forma

l6gica e usual.

2.3 Desenvolvimento de Software de Calculo

Desenvolvimento de software de calculo de deriva e velocidade em MHz,
dos dados, adquiridos através do Brazilian Solar Spectroscope (BSS) e
BSSView (software de visualizagdo). Software foi desenvoivido em
linguagem Orientada a objetos Visual Basic 6, com layout simplificado para
usuario, com calculo de deriva, altura e velocidade das dados adquiridos.
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CAPITULO 3- MATERIAIS E METODOS

3.1 Toda a estrutura do Brazilian Solar Spectroscope (BSS) e BSSView
(software de visualizagdo) e softwares de desenvolvimento (Visual Basic,
IDL, C++Builder)

BSSView
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CAPITULO 4- PRODUGAO CIENTIFICA

4.1

4.2

4.3

4.4

F. C. R. Femmandes, J. R. Cecatto, M. C. Andrdade, F. R. H. Madsen, L.

C. P. Moraes and H. S. Sawant.,, DECIMETRIC FINE STRUCTURES AS A
POSSIBLE SIGNATURE OF CHROMQSPHERIC EVAPORATION, Aceito
Brazilian - Journal of Physics, 2004. Artigo Publicado Anexo

F. C. R. Fernandes, José R. Cecatto, Maria Concei¢do de Andrade,
Felipe R. H. Madsen, lLuis. C. P Moraes, Hanumant S. Sawant,
CHROMOSPHERIC EVAPORATION AND ASSOCIATED SHOCK-LIKE
STRUCTURES IN SOLAR FLARES. Apresentado no 7¢. Encontro
Brasileiro de Fisica de Plasma & X Latin American Workshop on Plasma
Physics, Sdo Pedro, SP, Dezembro, 2003.

L. C. P, Moraes, L. C. P., Fernandes, F. C. R., Cecatto, J. R., Sawant, H. S. PRE-
FLARE DECIMETRIC FINE STRUCTURES - Apresentado no COLAGE -
VIl Latin-American Conference on Space Geophysics, Atibaia, - Marco-
Abril, 2004.

Francisco C. R. Fernandes, Alan W. 8. Silva, Robert A. Sych, José R.
Cecatto, Felipe R. H. Madsen, Luis C.P. Moraes, Hanumant S. Sawant
SLOWLY DRIFTING DECIMETRIC FINE STRUCTURES SSOCIATED
WITH PRE- FLARE PHASE - National Institute of Space Research - INPE,
Sao José dos Campos, Brasil — Submetido ao 1AU223 - IAU Symposium
223, St. Petersburg, Russia, Junho, 2004,



CAPITULO 5 - CONCLUSAO

5.1Concluséo de implementagdo dos softwares BSSVIEW, BSSDATA
(software’s de linguagens diferenciadas IDL e C++ Builder).

5.2Criagdo de software para calculo de velocidade de deriva de estruturas
(VELODERI) Baseado em linguagem orientada a objeto ( Visual Basic 6 —
Microsoft ) tendo como principal caracteristica a dinamizagéo de calculos
de tratamento de dados adquiridos pelo, Brazilian Solar Spectroscope
(BSS) obtendo os célculos de deriva e velocidade em MHz .

5.3Analises de explosdes selecionadas, (particularmente estruturas finas de
fase inicial dos flares) dos anos 2002,2003.

CAPITULO 6 — TRABALHOS FUTUROS

6.1Implementagdo de software (VELODERI} em linguagem orientada a
objetos Visual Basic 6.

6.2Estudo de dados adquiridos do Brazilian Solar Spectroscope (BSS) dos
anos 2003 e 2004.

6.3Implementacdo de softwares BSSView (Inferactive Data Language from
Research Systems) e BSSdata (C++ Builder).
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DECIMETRIC FINE STRUCTURES AS A POSSIBLE
SIGNATURE OF CHROMOSPHERIC EVAPORATION

F. C. R. Fernandes, J. R. Cecatto, M. C. Andrade, F. R. H. Madsen, L. C. P. Moraes

and H. 8. Sawant

Instituto Nacional de Pesquisas Espaciais, C.P. 515 13201-970, Sio José dos Campos, Brazil

ABSTRACT

In this work, we concentrate in the analysis of radio slowly drifting fine structures associated with solar
flares recorded in the frequency range of (1000-2500) MHz by the Brazilian Solar Spectroscope (BSS), in
regular operation at National Institute of Space Research (INPE) - Brazil. The main morphological aspects
of each fine structure are narrow-band of about 5-10 MHz and small duration of the order of 50 milliseconds.
The majority of these fine structures are observed over a time interval of a couple of minutes before the
maximum of the associated flare, in the impulsive phase. However, some observations during the gradual
decay phase are also reported. They drift towards lower frequencies, with slow rates typically of about of
10-100 MHz s~!. Estimated velocities of the exciter from the negatively drifting structures suggest that the
shock-like exciter is propagating in the higher chromosphere. Than, those fine structures are interpreted
as a possible signature in decimetric emissions from the chromospheric evaporation phenomenon. Details
of these observations and their interpretation in terms of the plasma emission produced by accelerated
particles and the chromospheric evaporation front is presented.

Key Words: Sun: flares - Sun: radio radiation - Sun: chromospheric evaporation

1 INTRODUCTION

Decimetric band is known to exhibit various types of fine structures (Droege, 1977; Guedel and Benz,
1988; Allaart et al., 1990; Isliker and Benz, 1994). However, observations in the decimetric band became
stagnant till 80’s. Around that time the Skylab satellite observations showed that energy to the flare
is released where the electron density range is around 10% - 10!° cm=3, i.e., in the decimetric range of
the solar radio spectrum (Moore et al., 1980 and references within). Since then, various high frequency-

time resolution spectroscopes were put mto operation (Kruger and Voight, 1995). The Brazilian Solar



Spectroscope (BSS) (Fernandes, 1997; Sawant et al.,, 2001) belongs to this new generation of solar radio
spectroscopes. BSS is in regular operation since 1998 and it has recorded many different types of fine
structures. Here, we analyze some particular groups of decimentric fine structures with slowly drifting
high frequency edge. Karlicky et al. {2002} also reported the observations of slowly drifting structures in
decimetric range.

Recently, the chromospheric evaporation has been invoked to explain the occurrence of the slowly
drifting fine structures in radio wavelengths (Karlicky, 1998). In fact, the first suggestion the chromospheric
evaporation could be investigated by radio observations in decimetric wavelengths generated by electron
beam going down in magnetic loop and crossing up-going evaporation front was given by Aschwanden and
Benz (1995).

The basic scenario of chromospheric evaporation is the following {Antonucci et al., 1984; Silva et al.,
1997). During the very beginning of the flare, the turbulence in plasma of the active region begins and
the Aare energy is released up in the corona. This energy then accelerates particles and heats the plasma.
The accelerated particles then move down toward the upper chromosphere along the maguetic lines, where
they lose their energy by collisions with denser plasma. The heated plasma expands rapidly. However, it is
confined by the magnetic loop structure, and then it Hows upward with velocities of about a few hundreds
of km s~1. The up-flow of the hot plasma is known as chromospheric evaporation (Sturrock, 1973). The
up-flowing hot plasma can be inferred by broadening and blue shifting of the lines as observed in soft X-ray
{Antonucci et al., 1984; Antonucci et al., 1985; Tanaka, 1986; Watanabe, 1990; Antonucci et al., 1990;
Silva et al., 1997).

Based especially on X-ray lines observations, many estimations of the velocity of chromospheric evap-
oration have been done. The determined evaporation front velocity ranges from aproximately 100 km s™!,
for the transition region (Teriaca et al., 2003) or of about 150 km s~! (Cauazzi et al., 2002 and Teriaca et
al., 2003) for coromal lines up to 950 km s~* for decimetric layer (Karlicky, 1998). Also, Mariska et al.
(1989) estimated the velocity of 650 km s~! and Silva et al. (1997) inferred the interval of 350-450 km s~!
for the velocity of the evaporation front.

While the hot and dense plasma rises up it creates a discontinuity in temperature and density, in the
loop. Beam of energetic electrons moving towards the foot-points of the loop interacts with this slowly
upward moving “shock front” where a optical thickness (7} is reduced due to its temperature dependence

(r o n x T=%2) allowing to escape of high frequency radio emission. As the beam travels further it



encounters high densities and lower temperature which increases opacity and radio emission is absorbed.
Thus, as the shock front moves up, the cut off in high frequency will be slowly decreased allowing to infer
the velocity of shock front. Eventually, the shock front will come in equilibrium with loop plasma and
enabling escape of radio emission. Based on this scenario, Aschwanden and Benz (1995) have suggested
that the decimetric fine structures with slow drifting variation can be observed as result of the chomospheric
evaporation process. However, there is a lack of observations in radio wavelengths as an evidence of emission
caused by the cromospheric evaporation.

Here, we present the decimetric fine structures associated with the solar flares recorded by BSS as a
possible signature in decimetric waves of the chromospheric evaporation process. In section 2 we briefly
describe the BSS instrument and its main characteristics. In section 3 the observations and the main
properties of the fine structures recorded are presented. The shock velocity determinations and results are

presented in section 4 and 5, respectively. The summary and conclusions are presented in section 6.

2 INSTRUMENTATION

The BSS was put into regular operation at INPE for systematic solar observations in 1998 (Fernandes et
al.,, 2000; Sawant et al., 2001). It operates in conjunction with a 9 meter diameter polar mounted parabolic
antenna, over the frequency range of (1000-2500) MHz, with high time (10-50 ms) and frequency (3 MHz)
resolutions. The data are recorded in up to L00 digital channels (Sawant et al., 2000}, with absolute timing
accuracy of 3 milliseconds. Thus, the BSS system has the capability to detect fine structures with narrow

bandwidth and short durations {Fernandes et al., 2001).

3 DECIMETRIC OBSERVATIONS

Since the BSS has been put into regular operation, in 1998, it recorded more than 350 groups of
solar decimetric emissions, most of them showing fine structures in time and/or frequency (Fernandes,
2003a,b,c,d). Out of them, we have selected the emissions associated with 8 solar flares recorded by BSS
showing decimetric fine structures with high frequency edge slowly drifting from high to low frequencies
observed in the period of March, 1999 to July, 2002. The Figures 1 and 2 show the dynamic spectra of the
recorded fine structures selected for analysis.

In the Table 1 we present a list of these emissions. The associated soft X-ray flares (GOES satellite)
were also included. For 6 flares the fine structures occur prior the maximum of the soft X-ray associated

emission, in the impulsive phase. In 3 cases, they are associated with the gradual decay phase of the X-ray



emission, and for 1 case they are observed during the peak time of the soft X-ray emission. Except for 1
flare (classified as C1.6}, the soft X-ray Aares reported by GOES satellite associated with the fine structures

were very intense: 3 flares reached X class and others 4 the M class.

Table 1: Solar flares showing decimetric slowly drifting fine structures.

Associated activity

Event Day Time Band Start Max End Goes Active

No. (UT) (MHz) (UT) (UT} (UT) Class Region #
1 28/JUN/99 12:21 1615-1260 12:13 12:17 12:25 Cl.6 8611
2 27/NOV/99 12:08 1460-1015 12:05 12:12 12:16 X14 8771
3 06/JUN/00 15:05 1660-1265 14:48 15:25 15:40 X2.3 9026
4 06/JUN/00 16:26 1460-1210 14:48 15:25 15:40 X2.3 9026
5 06/JUN/00 16:32 1350-1235 14:48 15:25 15:40 X2.3 9026
6 16/SEP/00 14:21 16751535 14:16 14:28 14:32 M3.3 9165
7 21/SEP/00  18:22 1130-1010 - - - 245-606 MHz

8 24/NOV/00 15:07 1970-1880 14:51 15:13 15:21 X2.3 9236
9 05/SEP/01  14:32 2170-2125 14:25 14:32 14:34 M6.0 9601
10 04/APR/02 15:28 1240-1000 15:24 15:32 15:38 M6.1 -
11 11/JUL/02 14:48 1196-1150 14:44 1451 14:57 M5.8 10030

4 DATA ANALYSIS

4.1 Frequency Drift Rate

The high frequency and time measurements for each individual fine structure have been done using
the BSSView and BSSData software. Then, the drift rate of the high frequency edge of each group of fine
structures was determined from a linear regression in the frequency-time plane as shown in the Figure 3.

The drift rates determined are given in the Table 2.

4.2 Chromospheric Evaporation Shock Velocity

The frequency drift rate (df /dt) of the bursts group can be given by

df df dNe dh df dNe
a=m—é}t——&gzmﬂv{;€cosﬁ, (1}
where f is the plasma frequency, N, is the electron density, h is the height above the photosphere, 8
is the angle between the direction of propagation of the front and the vertical direction and v, is the
chromospheric evaporation front velocity.

For the plasma emission the plasma frequency can be given as function of electron density in the solar

atmosphere as:



f=15x898 x 107 3N!/2 (in MHz). (2)

where s is the harmonic radiation number (s = 1 for fundamental emission and 3 = 2 for second harmonic
emission}.
We have used a density model for the solar chromosphere derived from the statistical relation between

drift rate and frequency of decimetric type IIT bursts (Melendez et al., 1999):

df _ 40

where 4 = 0.09 and o« = 1.35.
The density model used (Melendez et al., 1999) was adapted from Aschwanden and Benz (1995) model
and it assumes a power-law dependence for the low corona and an exponential shape for the upper corona

as follows:

M) drcm
Neh) = { Ny e:r_; (:;;’5) ifh>h @

where h is the height in the solar atmosphere, h; is the height of the transition m the density variation
regime, where the power-law model is changed into exponential one, N, is the density transition, and Ny is
the electron density at the bottom of quiet solar corona obtained by barometric model, p is the power-law

index and H is the density height scale. From the continuity conditions at the height &) we have:

h] =p H (5)

and

N1 = Ny exp(—p} . (6}

As shown by Aschwanden and Benz (1995), the constants p and N, can be expressed as:

"~ {a-1)

and



N, = (%)p (s x 8980)~2 , (8)

where v is the beam velocity expressed in units of the speed of light, A and « are constants in the empirical
type III drift rate by Melendez et al. (1999). We considered the second harmonic radiations (s = 2), and
assuming the following values for the constants H = 7 x 10* km, h; = 3.5 x 10° km, N, = 4.6 x 108

em™> and p = 5 we determined the density and height intervals covered by the fine structure groups.

5 RESULTS

Considering the frequency drift rates for the high frequency edge of the decimetric emissions, the shock-front
velocity of the source was estimated assuming a displacement in a vertical direction. The measurements
of total duration of the global structure (At}, frequency drift rate (df /dt}, density interval (AN,), height

interval {Ah) and shock-front velocity of the fine structure source (v} are shown in Table 2.

Table 2: Measurements of the fine structures parameters.

Event At df [dt AN, Ah Ve
No. {s) (MHzs™ !} (x10° cm™3} (x10°km) (kms~!)
1 45 80 3.1 77 1700
2 300 15 2.3 9.0 300
3 157 25 3.5 8.1 515
4 2.5 100 1.0 3.2 1280
5 6.0 19 1.0 3.1 520
6 5.8 24 1.4 2.6 450
7 153 8 0.8 3.9 250
8 1.7 53 1.5 2.3 1350
9 3.8 12 0.6 0.1 30
10 7.2 38 1.7 74 1025
11 230 2 0.3 1.7 75

6 SUMMARY AND DISCUSSIONS

We have presented some radio fine structures showing slowly drifting frequency associated with solar flares
recorded Brazilian Solar Spectroscope (BSS), in the frequency range of (1000-2500) MHz. The common
characteristics of those fine structures are the narrow-band and short duration. The high frequency edge
of the fine structure groups slowly drifts towards lower frequency, with rates less than 100 MHz s~1.
Those fine structures were interpreted as a possible signature of chromospheric evaporation process in
decimetric wavelengths. In this case, the evaporation shock front causes the frequency drift of layer with

reduced optical thickness, from where the decimetric radiation can escape. This drift depends upon the



evaporation front velocity. Thus, there is a drifting “window” in which the electromagnetic radiation of
plasma emission can escape and can be observed. The scenario of the visibility “window” for decimetric
emission (1000-2500 MHz) drifting towards lower frequencies is valid at the very beginning of the flare,
during the pre-impulsive phase in which the accelerated electron beam is heating the dense plasma. How-
ever, we have observed slowly drifting fine structures during the pre-flare phase but also associated with
the gradual phase. These results also reported previously by (Crzaykowska et al., 1999} is an evidence
that, even in the late phases of some particular flares, the dynamic of the heated plasma into the magnetic
configuration permits the escape of the electromagnetic radiation in the decimetric range.

We considered the plasma emission at second harmonic, which has higher possibility to escape from
dense layer of the solar atmosphere (10° cm~3) and we have used a density model for the solar chromosphere
based on frequency drift rates of type III bursts observations (Melendez et al., 1999). From the frequency
drift rate of the high frequency edge of the fine structures we are able to estimate the front velocity of the
evaporation shock in the range of 30-1700 km s—!. These velocities are comparable with those computed
by Mariska et al. (1989) and Karlicky {1998) and other authors as mentioned in the Introduction, and they
agreed with the upper limit of the chromospheric evaporation velocities reported by Fisher et al. {1984).

These results permit to interpret those fine structures as a possible signature of the chromospheric
evaporation phenomenon in decimetric wavelengths. Complementary investigations of those emissions in

other wavelengths are ongoing to confirm the results and will be reported elsewhere.
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Figure 1: Examples of dynamic spectrum of decimetric fine structures showing slow drifting frequency
variation: (a) June 28, 1999 (~12:21 UT); (b) November 27, 1999 (~12:08 UT); (c} June 6, 2000 (~15:05
UTY; (d) June 6, 2000 (~16:26 UT); (e} June 6, 2000 (~16:32 UT); (f) September 16, 2000 (~14:21 UT);
(g) September 21, 2000 {~18:22 UT); (h) November 24, 2000 {(~ 15:07 UT). For all dynamic spectra, the
background level of the emission was subtracted.
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Figure 2: Examples of dynamic spectrum of decimetric fine structures showing slow drifting frequency
variation: (a) September 5, 2001 (~14:32 UT); (b} April 4, 2002 {~15:28 UT); (¢} July 11, 2002 (~14:48
UT). For all dynamic spectra, the background level of the emission was subtracted.
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Figure 3: Example of frequency drift rate determination by linear fit of the high frequency edge points of

the emission structures.
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The Bra:han Solar Spectros ope (555 s operating ae INPE, 1o the Froquoney range of (1000 25008 M1,
wath hugh frecuuemcy amed me resolution, and havimg 25 up to 100 digikal channels. Wit this instrienent,
wiy havar cartied Gut solar observations for lask bon years. From 1994 to 2002, BSS have ruwcorded vanous
typoe of devimetr b structures assocated with preflare phase of many solar flares. Fine stricturcs
are typically hawirg Frequency range and botal durations op bo Hhe trequency and time cesolubions of the
35,3 ¢ up i 5 M1 17 and 20 mallisceoods, respectivaly The obseeved e density values are above 10
st Their frequency dnft range vares from dimost zero to maxumum up bo thwe Tnik of the BSS The most
NAPOTIAR Erpes of e strch brservad are the chauns of fast drifting, narrow band ad
stall durabion fnes structures. They are dathng towards cither lower or higher frequsencies with slow
rates ypacally of about of WO MEL 51, Total duration of these driftng fine structutes is eouple of
munuten The man charactorstics of differont fypes of pre-fare fne strctures and the detals of e
channs of the fing stoo lures were obtained and will be presonted.
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The troquency dratt rate (36245 of the bursts group is gven by
dbidtm dffdNe. diNefdh. dividl = difdNe, dNefdh , vF cos i

wlwre F s lwe plasma Irequoncy, Mo s the electron density, b is the baght sbove e plotmsphore, 9 is the angle
Lutwreon the darethin of propaganmon of e tron and the verncal drecrios and efis tha front velocty.
For plasma crission, e frequendpean be grven as unction of elackron desity as

F=8.98 107 W& tin MHz) 12}
We used a deneaty midel that ap law and an exp I-taw for the low and upper corona
tesghvely

Neth) = Mi thvhiy™ if hghl Wy

Neth) = Ngexpi-vHD if hxhl 154

where b e beght of source, hl s the beyght at the transinon for donsi
transatron, and N 1s the leviren density 2 the bottorm of quset carena and
conn oty cendibang

variation regime; N1 is the densiry
15 the donsity huight scale From the

ht=pH, 6l
N1 =Ngexpt-p e}

thu crnstants pand Neqean be expresse as
@ 2t -1} 8

g m e v i ZAF Isx 898017

where 5 15 the harmnnu cadiabion dumber, v 15 the beam velocitym units of the
u the emplmal dnt rabe ard froquency relabionship obtanied for t}';n: 1l
harmone: 5=2,and the folk g vadees M =7« 10" ki, 1 w35 =

of hght, A and o are constants
¢ considered the second
1 Jan, B =46 < 10 em*and p e 5

We duterimaned the densty and heyght iiarvals covered by the fine structure groups and the front veloary of the
EUTLAY

BRAZILIAN SOLAR SPECTROSCOPE

Thwe G55 iz in regular operation at INPE, in S30 Jusé dos
Campos, for systematic solar observations in since 1998
The B55 aperabes 10 comuichen with 3 9 meter diameter
polar mounted parabalic antenna, over the frequency
range 1000-2500 MHz, with high time (IK-100 ms) and
froquency (3-10 MHz) resclutions. The data are revonded
woup b B0 digikd channels (Sawant ey al, 2000, with
absolute hming aceuracy of about 3 milliseconds Thus,
the B55 system has the capability to detect fine structures
with narrow bandwidth and short durations

FLARE SCENARIOQ

The comditions of an active region concernung ko the s activiy,
prior the impulsive phase of a solar flare ame of essential
importance for understanding the thggering and the evolution of
the lare, i respect to thwe coengyrelease. The magnelic feldsat or
nuar the fare source location plays the most imponant role The
main phenomena the reveal changes n the magnehc feld of the
active reglons and may result 1o Hw production of a flare are

ping fil ging and twisling magnitic tubes, sunspot
mongns, degimetric fine situctures.

There are only few evidences of radio cnession assoviated with
pre-flare phase repomted Most evidences are observabions i soft
X-rays and H-alpha Fecently. the chromospheric evaporauon
Tave been invaked 10 esplan the oocurrence of dw pre-flare
slowly drifling fine structures in radio vaves

While the hot-dense plasma rises up, it creates a discontiuuty in
remparature and density  Ebecteon beam moving iwards the fooi-
point of the loop interacts with thus slowly upward moving
“shock from”, where e oph cal thickness {8 s redeced due to its
temperabure dependence (F o nox T allowmng the high
frouency radio emission 1o escape As the beam ravels further it

WL encounters hugh d and lower whach wwreases
rhoR L apacity and radho emission 15 absorbed Thus, as tiw shock Front
moves up A cut off in high frequency wall stowly decreased
allowe 1oy £ infer the velocity of shock front
RESULTS
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SUMMA
RY

Decimetrw B striwctures are assocated with the pre-aumpuisive phase of 13 solar flares roooeded
by BSS

The nine struehuares charaheristis ace

* naow-hand: ~5-10

* short duration: ~50 ms

= high frequency edge tlow drif < 100 MHz/s

Fing structures wnterpreled as a possible signature of evaporaion process i deometnic
wavelengths

The shock front causes the drft of laper with reduced optical thickness, from where the
decimetew rachation escapes This drift depends on tieevaperation front spoed

There 13 & dnfnng "wandow” in wivch 1w eleciromagoets radiation can escape and can e
obseevad.

The: esimated front velocity of the shock is w the range of 30-1700 kmis,

These velouitios are comparable with rhose computed p sy for radio emissioa Thoy agreed
with the upper ik of e chromosphenc evapacalion vdooilics olsained by fron X-ray bnes
ehservations.
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