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ABSTRACT. High time-resolution observations of the Metsidhhovi Radio Rese-
arch Ststion of the University of Technology of Helsinki are investigated with
respect to an analysis of the impulsive phase of solar microwave burst radia-
tion. Results of an earlier statistical study (Urpo et al., 1986) are used to
discuss the steepness of the time profiles of the radio flux (which was ob-
served at 36.8 and 22.2 GHz with an angular resolution of 2.4 and 4.0 src min,
respectively) as well as their temporal fine structures, in the frames of
current physical models. .

Attention is paid to the applicability of different scenarios, e.g. con-
cerning the question of the generation of elementary flare bursts, of the evo-
lution of the burst emitting source volume, and of collisionless conduction -
fronts in flare loops.

XAPAKTEPHCTHMKYM MMIVJIBCHHX MWIIMMETPOBHX BCIIJIECKOB HA KOPOTKMX MACITABAX
BPEMEH): HaCamiieHus ¢ BHCOKMM BDEMEHHHM D&3pelleHMeM BHIOJHUIUCH HA DaXuo-uc—
caenosaTeabCKo#t crangum I'eabcumHCkOro TexXHOAOrMYECKOT'O yHUBepcuTera B Mercarosu
M OHJAM UCHOABIOBAHH IAS 8HAAM32 MMIOYABCHON! (&SN MMKDPOBONHOBHX BCIIECKOB COXH-
La. PesyabTaTH paHee BHNOJHEHON! cTaTuCTUUeCKO!l 06paboTKM NAHHHX HaCADAEHu
(Vpmno u mp., 1986) Onau MCHOABBOBEHH IJS MBYUEHUS KPYTUSHH BPEMEHHNX mpoduieil
(na wacToTax 36.8 m 22.2 ITU, C NPOCTPAHCTBEHHWM paapemenueM 2.4 u 4.0 MUHYTH
AYyTH COOTBETCTBEHHO, 8 TOKEE MX TOHKMX EPEM HHHX CTPYKTYD B Da8MKaX COBpEMeHHHX
Pusmueckux Mmoznexeii.

OcoGoe BHMMEHKE OHJIO OCpameHO Ha BOBMOXHOCTDL NpMMEHEHMS DA3HNWX CIEeHapues,
MMEHHO IAf reHepaluM SJeMeHTODHNX BCIHIEK M 3BOJDUUKM 06beMa BCNHDEK ¥ pacOpoc-
TpaHEHUd GEeCCTOAKOBUTENbHNX YAAPHHX BOJH BO BCHHUWEUYHHX 8pKaXx.
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ETRUKTGRY ODPOVEDAJUCE KRATKODOBYM IMPULZN{M MILIMETROVIM ZABLESKOM: Na
rédiovo-vyskumnej stanici v Metsdhovi, patriacej Technologickej Univerzite v
Helsinkdéch, boli ziskané pozorovania s vysokou &asovou rozliSovacou schopnos-
tou. Analyza tychto pozorovani bola zamersnd na mikrovlnné zéblesky, ktoré sa
vyskytujd poZas impulznej fézy erupcii. Predosly Ztatisticky rozbor (Urpo a
i., 1986) umo%nil previest diskusiu strmosti Zasovych procfilov rddiového toku
(na frekvencidch 36.8 a 22.2 GHz, s uhlovym rozliSenim 2.4 a 4.0 uhlovych mi-
mit, pre odpovedajice frekvencie) ako aj ich jemnych Zasovych Btruktir, v me-
dziach sulasnych fyzikélnych modelov.

Pozornost bola venované moZnosti vyuZitia rodznych scenérov, napr. tyka-
Jucich sa generdcie elementérnych erupdnych zdbleskov, vyvoja emitujiceho ob-
Jemu erupcie a nezréikovym rdédzovym vindm v erupdnych slulkdch.

1. INTRODUCTION

A central task of solar flare physics is the exploration of the impulsi-
ve phase of the flare onset which is a basic phenomenon displayed in a wide
frequency range of electromagnetic radistion covering X-rays, optical, and
radio waves.

Aside from present-time difficulties of a commonly accepted terminology
of different flare phases the impulsive phase can be defined as a period du-
ring which energy is suddenly fed (injected) into a flare where radiation is
emitted in a number of bursts with steep macroscopic time profile of 10'...
102‘5 sec duration localized in a few discrete areas on the sun (cf. de Jager,
1983).

At present one of the most controversal gquestions about solar flares is
whether impulsive microwave and hard X-ray bursts originate in a nonthermal
or thermal distribution of the radiating electrons (cf. Batchelor et al.,
1985 ). New progress in the field is hoped to emerge from observations with
better time and space resolution (Sturrock et al., 1984), allowing to check
different scenarios of flare development. Aiming a correct interpretation of
the impulsive flare phase we would like to point out the value of solar mm-bu=-
rst observations and compare these with two scenarios recently discussed in
the literature, viz. (a) the propagation of collisionless conduction fronts
and (b) the conception of elementary flare bursts. The present study is based
on statistical results by Urpo et al., (1986) and deals with their consequen-
ces for developing physical models.

2. OBSERVATIONS
The observations were carried out at the Metsihovi Radio Research Station
of Helsinki University of technology (Finnland) at 36.8 and 22.2 GHz (corres-

ponding to 8.1 and 13.5 mm wavelength, respectively). The sngular resolution
was 2.4 and 4.0 arc min, respectively (Urpo et al., 1986 ). Bursts records

140

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



t.(s/sfu)
0.01 1 100

N(°%)
60 -

40

20

log t, (s/sfu)

Fig. 1: Distribution of normalized rise times of impulsive bursts at
36.8 GHz (full line) end 22.2 GHz (dotted line) according to
Urpo et al. (1986)

achieved by tracking selected active regions were obtained over several years
with sampling rates ranging between 1 Hz and 56 kHz. From these observations
we selected a sample of 22 and 33 impulsive bursts at 36.8 snd 22.2 GHz, res-
pectively. The peak fluxes were ranging between O.1 and 40 sfu. The normalized
rise times of the considered events (taken between the first "impulsive"
discontinuity of the slope of the flux time profile and the impulsive burst
maximum ) are shown in Figure 1.

Observed with sufficiently high time resolution the impulsive rise of the
burst flux can be resolved into numerous "microscopical" steps or subpulses
with normalized rise times much shorter then the normalized rise time of the
whole "macroscopical" impulsive event.

From Figure 1 it can be inferred that there is a wide range (more than 4
orders of magnitude) of observed impulsive rise times normalized to an ampli-
tude of 1 sfu. These results generally confirm observations by Kaufmann et al.
(1985 ) discussing e-folding rise times at 27 GHz slthough details may be dif-
ferent. We find that the normalized rise times depend on the observing fre-
quency and tend to be larger at the longer wavelength. '

3. COLLISIONLESS CONDUCTION FRONTS IN CORONAL ARCHES
In the context of a thermal flare model as proposed by Brown et al. (1979)
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the burst emitting plasma is effectively confined by the development of a col-
lisionless conduction front in a coronal arch. In the frame of that model the
rise time of the emission specifies a relation of size to temperature of the
source region which can be compared with X-ray and microwave data (Batchelor
et al., 1985). The conduction front is assumed to move at the ion-accoustic
speed cgy 8O that the impulsive burst rise time is expected to be

T , = L/(2¢y) M)

where L/2 is the distance from the apex to the foot of a (symmetrical) arch.
With c_ = 9100 're‘/z, T, = 10°°K, and L = 109*5 cm one obtains

Tp=1042 11,712 = 18 gec. (1a)

Nevertheless, against the validity of that scenario some doubts can be raised
for the following reasons:

1. Applying gyro-resonance emission and a magnetic field variation along the
arch decreasing with height, the microwave burst should evolve systemati-
cally from lower towards higher frequencies which is generally not slways
observed. The time delays between the onset of the longest and shortest
wavelengths should be of the order of "L'r.

2. The spiky (not only step-like) character of the impulsive phase is diffi-
cult to interprete in the sbove picture.

3. Since T ('1‘22‘106'K) and L (L 21093 cm) appear to be limited in solar ac-
tive regions relevant to impulsive burst emissions, impulsive rise times
of macroscopical events '[“r>125 sec are difficult to understand in a one-
-arch model. A "multi"-arch approach was proposed by Brown et al. (1980).

4. General doubts may arise concerning the validity of ¢ s 28 representative
quantity and the hence derived time scales describing the impulsive flare
phase. (cf. below).

4. ENERGY RELEASE IN ELEMENTARY FLUX TUBES (EFT)

In recent years it became increasingly accepted that at the photospheric
level the magnetic field is "quantized" into socalled elementary flux tubes
(EFT) of field strength of the order 103 G, dismeters of the order 500 km, and
thus resulting magnetic fluxes of the order 10'8‘4 Mx (Howard and Stenflo,
(1972), Sheeley (1981), Sturrock et al., (1984)).

The free energy stored in such EFT by rotation of its foot points is then

U = 1036-2 -1 (erg) (2)

(Sturrock and Uchida (1982)).
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If this energy is released during an impulsive flare event, the number of
contributing EFT must be

Np = Eyo4/Ug (3)

where Etot is the total flare energy content.
For L = 107 coe 1093 cm and Etot = 1031 erg we expect Np = 104.

Hence it follows that the EFTs cannot be singly connected with the seats
of elementary flare bursts (EFB) introduced by van Beek et al. (1974) and de-
scibed in more detail by de Jager and de Jonge (1978): EFBs may be regarded
as clusters or bundles of about 10'... 10° EFTs.

According to Sturrock et al. (1984) the EFT energy release time is given
by

Ty = JvA‘“ aLxLv,"" = 107113 1p7'n /2 (4)

where v, - Alfvén velocity, B - magnetic field, n, - electron density. For

L =10%% cm, B = 200 G, nad n, = 1077 en™3 we obtein T3 = 4.5 sec.

Again following Sturrock et al. (1984) the transverse velocity of the

flare disturbance triggering the energy release at adjacent EFTs is assumed
to be

v R/ g = 10205 17V gl/2 p ~1/2 (5)

where R = 1092 B1/2 i35 the radius of one EFT. For L = 10%°% cm, B = 200 G,
n, = 109°% cm™3 one obtains v, = 250 km/s.

Now we estimate the time scale of the impulsive phase as follows

T.

=05 RN;V2 v = 005 0 /2 B 6)

- 1o-11.6 1/2 -1 1/2
=10 Ng LB ng

For L = 10°? cm, B = 200 G, n_ = 1077 ™3, Ny = 10* we obtain
LI = 224 sec = 3.7 min.

5. CONCLUSIONS

A study of the impulsive rise times of solar mm-bursts favours an inter-
pretation in terms of energy release in elementary flux tubes (EFT) rather
than by propagation of a collisionless conduction front of thermal flare ener-
gy. The EFTs are expected to be clustered or bundled where each cluster or ‘
bundle may produce an elementary flare bursts (EFB). The local distance bet-
ween these clusters or bundles and the number of involved EFTs determine (con-
trol) the steepness of the impulsive flare onset. In summary, three quantities
are supposed to control the steepness and the amplitude of the impulsive event,
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viz. the number of EFTs per EFB, the number of EFBs, and their number density
in space.

Since the energy release time 'Ti of EFTs, as well as the time scale of
the impulsive phase 5& (which was estimated in Equ. (6) for demnse packed
(EFTs ) depend on B", shorter time scales of impulsive bursts are expected at
shorter wavelengths. Such behaviour is qualitatively verified in Figure 1.
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