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Superluminal apparent velocities
of relativistic electron beams in the solar corona

A. Klassert, M. Karlicky?, and G. Manh

1 Astrophysikalisches Institut Potsdam, An der Sternwarte 16, 14482 Potsdam, Germany
2 Astronomical Institute of the Academy of Sciences of the Czech Republic, 2516&jowdCzech Republic

Received 7 May 200B8Accepted 16 July 2003

Abstract. We present spectral and imaging observations of high frequency type Il bursts appearing in pairs: a primary fast
drifting component and a secondary “normal” drifting component. The primary bursts have generally higher frequency drift and
start at higher frequencies. They show superluminal velocities up to &,5peed of light), while the secondary component
shows the usuak0.5 c velocity expected for type Ill burst exciters. These superluminal velocities are explained as apparent
velocities of relativistic electron beams propagating nearly along the line of sight towards the observer with velocities close to
the speed of light. A model of type Il burst pairs consisting of subsequent fast drifting and “normal” drifting components is
presented.
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1. Introduction “normal” type Il burst with slower drift (Benz et al. 1982;

, Poqierusse 1994). We will use the same definition of such pairs
Type lll solar radio bursts represent electron beams prOpagﬁé'Poqe'russe (1994): the primary fast drifting component as

ing thr_ough the solar corona afod interplanetar_y space andtype llid burst and the second component as a “normal” type
were first reported by Wild (1950). By propagating along 0pqfj, pyrst. A scheme of such type Iligl liin fundamental and
magnetic fields with a speed of about @.8ey generate high 5 monic pairs is shown at Fig. 1.

frequency plasma waves (Langmuir waves) which then can . : N

be transformed into electromagnetic waves at the plasma ftr%_npsg;r:usseenfalgii) E{)rezelﬂgeg erv[[de_rr:tiﬁeof é?;?i\gsé'ﬁaele.;
quency f, and its harmonic g. Due to decreasing electron r ¢ drift Ztge omEDI g~ )1%00 MHU Sssl'.n thes ran er500 Wi
density and plasma frequency with distance from the Sun, tf it rates F= z ! g N

type 1l bursts in dynamic radio spectra show a rapid drift fro 9 ,;/I(;'i Usmdgtﬁl dgnfstltytmod]?: WlthlI(deerr:sn.ytscalethzl?k?t of
higher to lower frequencies with a drift rai2; = df/dt of ~ m andthe driftrates ot type € Interpreted these

about 100 MHz st in the meter wave range. The frequenc?s due to generation of plasma waves by the usual bump-on-tail

drift rate decreases with decreasing frequency and can staﬁg-tabi"ty at the harmonic mode by r_elativistic electron beams
ticaly be approximated in meter range Bs = 0,01 - 18 with speeds close to the speed of light. It was proposed that

(Alvarez & Haddock 1973) or aB; = —0.007- 176 (Mann such relativistic type Illd bursts can result in superluminous

et al. 1999). In the dm-range this relationship is given ggparent speeds if the beam moyes towards the observer.
D = —0.09- 135 (Melendez et al. 1999). The correspondin Very fast transverse speeds in the corona were already de-
range of speeds of the exciting electrons is about 0.16-0.6 guced from radioheliographic observations by Raoult et al.

Usually the type Ill bursts occur at frequencies beIO\Q}L989)' Comparing type Il burst positions on the solar disc

300 MHz and often they can be followed down to the |0Wé/yith the flare position led these authors to conclude that some
frequency limit of space—based observations of about 20 kfYpe !l bursts had speeds larger than €.6

if the spacecraft is located near the Earth. The high frequency Low speeds in the interplanetary medium were obtained by
type IIl bursts starting near or above 500 MHz usually haulk et al. (1987). The authors used a detailed method involv-
a low frequency cutth near 100 MHz and do not escape inté"g in situ detection convincingly showing that type Iil burst
interplanetary space. It was found that they tend to appeasieeds at low frequencies are of the order ofQruch lower
pairs. Bursts in each pair have considerablffedent prop- thanin the corona.

erties. The primary burst has a generally higher frequency Here we report observations of pairs of type Il bursts that
drift and starts at higher frequencies. The second burst istart at high frequencies;1900 MHz. Some of them propa-
gate through the corona and interplanetary space and are fol-
Send gprint requests toA. Klassen, e-mailaklassen@aip.de lowed down to a frequency of 20 kHz (i.e. about 1 AU).
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Fig. 1. Scheme of type Il pairs: llld—llin bursts. Both fundamen- £
tal and harmonic emission are shown. Compare with the bursts on®
25 September 1997 (Fig. 5).

Frequency

We use spectral and heliographic observations to determine the
speeds and trajectories of the exciting electrons. The observed 100 ——
burst pairs, which are likely to be the type Illd—IlIn bursts re- N —
ported by Pogefusse (1994), show in their high—frequency 5y
parts very fast drifts and relativistic velocities. Using Nayc -
radio imaging observations we will show that such relativistic v
bursts lead to superluminal apparent speeds of radio sources. It 400 4 — -~
is the samef@ect as observed in the case of extragalactic radio
jets (Pearson & Zensus 1987).

1000 |
2. Instruments : T

The radio spectrum in the range 2000-0.020 MHz was
Observed by the AO Ondrejov SpeCtrograph (2000_ 15:34:20 15:34:25 15:34:30 15:34:35 15:34:40 15:34:45 ut
800 MHz, time resolution 0.1 s), radio spectrometer oFfi

ASIrOphySika”SChes Institute Potsdam (800-40 M.HZ’ tin}ﬁe range 2000-0.010 MHz (Ondrejov, Tremsdu¥fndWAVES ra-
resolution 0.1 s) and by the space-based WAVES InStrumﬁrgspectrographs)Bottom panel Three type Il bursts (A, B, C)

(14-0.020 MHz, time resolution 60 s) on board ténd , the range 2000-40 MHz. At the left axis the arrows point at the

spacecraft (Jicka et al. 1993; Mann et al. 1992; BougereyrH frequencies. At these frequencies the source positions are ob-

et al. 1995). The imaging observations were made by thened. Only one burst (B) moves across the corona and escapes into

Nan@y Radioheliograph (henceforth  NRH, Kerdraon &P medium. In the 14-0.040 MHz range this burst (B) merges with

Delouis 1997) at five frequencies 432, 410, 327, 236, afallowing bursts to one IP type IIl bursTop panel The IP type II

164 MHz (time resolution 0.12 s). burst drifts until 0.030 MHz (30 kHz). It is stopped between the local
fundamentalf, and harmonic &, plasma level of the Wind spacecraft.

g. 2. Dynamic radio spectrum of the event on 31 August 1998, in

3. Observations

3.1. Bursts on 31 August 1998 emission at the harmonic modé,2because the emission at the
fundamental mode could be strongly absorbed (e.g. Suzuki &
On 31 August 1998 three high frequency type Il bursts wekgulk 1985). Figure 3 presents the time profiles of one type I
observed. They belong to a group of type Ill bursts assoditrst at 15:34:33 UT at four NRH frequencies.
ated with a M1.55F flare (start at 1529 UT, peak at 1539 UT) The first burst (labeled as A) is observed in the 1000—
in AR 8307 at co-ordinates N32W69. Figure 2 presents ti&0 MHz range, the second (B) at 1900-0.040 MHz, and the
dynamic radio spectrum of the bursts in the range 200€hkird (C) at 1300—200 MHz. Only one burst (B) moves out of
0.010 MHz. All bursts are structureless, meaning only one héie corona into the interplanetary space (IP). Here it merges to-
monic is observed. The degree of polarization is leg¥t@%) gether with other individual type Il bursts associated with the
in the range 432-164 MHz. Both these facts, together witlhpulsive flare phase and is visible down to about 0.020 MHz,
the fact that the bursts occur near the solar limb indicate the. close to the local plasma frequendly or 2f,, Fig. 2)
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Fig. 3. Time profiles of the type IIl burstB” on 31 August 1998 in Burst "B" at 15:34:33 UT

the range 432—-164 MH1-intensity,s—polarisation.

B0

.70+

near thewind spacecraft (1 AU). It seems that the correspond-
ing electron beam does noffect the spacecraft, because the
plasma wave detector (TNR receiver, range 4-256 kHz) on-
boardwinddoes not show any reaction, i.e. expected Langmuir
waves from the arrived suprathermal electrons. That means
that the spacecraft and the beam site were not magnetically
connected.

The other two bursts show strict frequency digat 150
and 200 MHz, respectively. That means that the correspond- 020
ing beams were stopped or the generation of the radio emission - Burst "C" at 15:34:42 UT
ceased. In each case the radio intensity went below the insff§: 4- Positions of radio source centroids (NRH) of type lils on
ment sensivity threshold. 31 August 1998: typélld at 432 (cross, source half power width)

. - ... and 327 MHz (circle), typelin at 236 (triangle), and at 164 MHz

) Another |mporta_nt fgature of th_e burst (B)_ IS Its SpIItt'”‘isquare). Flare (HXR) — the position of the hard X-ray footpoint
into two bursts during its propagation from high to low fregg  ces.
guencies. While the new (secondary) burst escapes from the
primary component in the range 300-250 MHz, the primary
one drifts somewhat further practically without any change in
D¢ and disappears rapidly. The drift rates (see Table 1) of observed type llIs are close to

The diference of the drift rates of both components is vettiie empiric relations of Alvarez & Haddock (1973) and Mann
large. The primary burst drifts at a rate@f > 1000 MHz s et al. (1999).
at 432-327 MHz whereas the drift rate of the secondary com- Figure 4 presents type Il source positions and their trajec-
ponent is about 40 MHz$ at 220-110 MHz. While burst (A) tories at four NRH frequencies. The burst trajectories show a
is weak and shows the same tendency to split, the burst (C) ds&eng non-radial propagation. At first the bursts intersect the
not split and disappears near 200 MHz. Th@adence between 432 MHz of NRH and the sources occur near and almost in
bursts (B) and (C) is that the first one displays both compa-radial direction above the flare and HXR site. If we take as
nents (llid+1lin) whereas the second one the Illd componemtn example the burst (B) at 15:34:32 UT we see that at suc-
only. The main parameters of all bursts are given in Table dessively lower frequencies (432, 410 & 327 MHz) the sources

South - north [solar radii]
Q > <
i

.30 4
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are displaced to the south in direction nearly perpendicular to
the radial direction. Note the source at 410 MHz is not shown,
because close to the source at 432 MHz. At 236 and 164 MHz |
the sources present an unexpected behavior: they are moving
back in the opposite direction. Taking into account the specttal |-
behaviour of the burst (B), especially the burst splitting neér
250 MHz, we suppose that the sources at 432, 410, 327, %gog
partly at 236 MHz belong to the fast drifting type Ilid burst:
whereas the sources at 236 and 164 MHz to the “normal” drift-
ing type Ilin one.

400—

Such a peculiar trajectory of type lll sources in projec-
tion on the plane of the sky suggests that the exciting electron =
beam moves directly to the observer at small angles and alofig
a curved trajectory. The other two bursts (A & B) show similar
trajectories with small variations.

It should be noted that to reduce the coronal propagation
effect — the refraction of burst radiation due to the density in- |~ in®
homogeneities in the corona, all radio source positions were
measured at the second harmonic mod#g, Bnly. Because % e
this dfect is relatively strong for the fundamental emissior., | LT R
it could lead to the displacement of the observed source pdsi-
tion in comparison to the real source. To determine/ffg3%’

(see Sect. 3.4) we use the relative distardef, 3,7) between ]
source positions at two frequencies, and not the absolute po-=="=
sitions. Furthermore, the refractioffect should shift the ra- —
dio sources in the same direction. Zlotnik et al. (1998) foungh ==
also that the harmonic €g) and the second harmonic 3
sources at least for type Il bursts are cospatial. Therefore We.5. Type llid+llin bursts on 7 August 1998 (top) and on
suppose that propagatioffects do not significantly alter the25 September 1997 (bottom).

positions of the harmonic type Ill emission and do not result in

appearence of “apparent sources” leading to a significant error

in the determination oAL43y 327 andv§§§-327. 3.3. Burst on 25 September 1997

TI1d (H)"
13:46:46 13:46:48

Figure 5 (bottom) show pairs of type Ilid—IlIn bursts. The burst

at 13:46:47 UT is the most intense, contains both components
3.2. Burst on 7 August 1998 (Id & 1lIn), and they both display a fundamental-harmonic

structure. This group of bursts was associated with activity on
The harmonic type Illd—Ilin pair is shown in Fig. 5 (top). Thehe solar disc (AR 8088, S28E08). The harmonic of the Ilid
fundamental and the harmonic modes of type llid are visibighd Ilin bursts appear in the range of 700-250 MHz, and 300—
at 700-200 and 250-110 MHz, respectively. While the haroo MHz, respectively. Thus, it was possible to derive the posi-
monic component Ilin is very weak, the fundamental compgions of both components at all NRH frequencies. Figure 6 (bot-
nent shows a strong emission at 85-40 MHz. tom) shows the positions of both components at 13:46:47 UT.
The dispersion of the type Illd burst position with frequency at

This burst group was associated with a smallfldre (SF) . . . .
. . . 432,410, 327 MHz is SW — directed along a straight line. The
and ejecta in AR 8293 (S20E05) as clearly seen in the TRAG, sitions of the type Ilin burst at 236 and 164 MHz are located

image. Figure 6 shows the location of the type Il burst sourcg R . P
superposed on the TRACE image obtained at the same time,EROSt along a line in an antiparallel NE — direction.

15:16:51 UT.

3.4. Speed of type Ill burst exciters in corona
The main points deduced from Fig. 6 are: (a) there is a p P

very good spatial coincidence between the type Il positidive suppose that type Il bursts are tracers of propagating elec-
at 432 MHz and the ejecta at 171 A (TRACE, 15:16:51 UTjron beams. If we take this into account we can derive the speed
(b) the burst at 432 MHz, 410 MHz (not shown, close to thef electron beams producing type Il bursts directly from posi-
source at 432 MHz), and 327 MHz is located along and at thiens of radio sources atflierent frequencies. Because the fast
border of two EUV loop systems. The direction of the EUMrifting component Illd is definitely observed at 432, 410 &
ejecta and of the radio source movement from 432 to 327 MI327 MHz, we use the source positions and the time if the burst
is the same; (c) from 236 to 164 MHz the type IlIn burst movesaches its emission maximum at 432 & 327 MHz to get the
in a direction nearly perpendicular to the previous one. distance between these sources in the plane of thalsky 327
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East — west [solar radii] drift rates D¢). The exciter speed is related to the frequency
—0.4 -0.3 -0.2 —0.1 .0 e8| drift by

7-Aug-1998: TRACE (171 A) & Type Ill at 15:16:51 U

2HD;¢
f cosa’

(2)

drift =

1
2
L]

whereq is the angle between the beam direction and the radial
direction, andH is the the hydrostatic scale height,

[solar radii]
5
+

T
H= ko s
HMpgo

3)

1
2
h

wherek;, is the Boltzmann’s constant, electron temperature
for an isothermal structurg; ~ 0.6 is the mean molecular
weight, m, the proton mass, angl, the acceleration of grav-
ity at the Sun. For the coronal conditions ahd= 2 MK,

H =~ 10° km. Similar scale heights were found for EUV
loops in active regions (ARs) (Aschwanden et al. 2001). Taking

South = north

1
o
[x:]

-7

X az2MHz A 236 MHz H = 10° km and theD¢ measured in the range 432-327 MHz
O 327MHz D 164 MHz we estimate the radial component of the type Ill exciter speeds
East — west [solar radii] Varit = 200 000-525000 knt$ (see the “apparent radial speed
-0.20 0.00 0.20 040 (Dg)”in Table 1). It is assumed that the beams propagate along
_0.33_ 1 1 1 1 1

the density gradient which average corresponds to the radial
direction (i.e. ther ~ 0°, cosa ~ 1).

It was found that the coronal streamers and ARs have a
scale height that exceeds the hydrostatic scale height by factor

§ of up to 2.3 (Aschwanden et al. 2001). Furthermore, at least
g—o.sa the bursts on 31 August 1998 show a strongly not radial prop-
23 agation. Both facts show that the velocities estimated from the
E = spectrum usin@; are rather a low limit foN;ir. Nevertheless

§ ] they are comparable with velocities obtained directly from ra-

L o dio imaging observations and confirm the superluminal charac-
5-0.73] E ter of type Illd bursts.

(92}

Note, that the apparent transversal spegf 3%’ deter-
mined from positional measurement has fiedent sense than
- 25-Sept-1997: that determined using frequency driftyir. The first method
- SXF at 14:07:32 UT gives the component of the speed in the plane of the sky, i.e.
093 Type Il at 13:46:47 U perpendicular or transverse to the observer’s direction. The sec-

nd method gives the component of th long th nsi
Fig.6. NRH positions of type IlldllIn sources on 7 August 19980 d method gives the componentof the speed along the density

(top) and on 25 September 1997 (bottom), overlaid on TRACE (171 gfadlent. )

15:16:51 UT) and Yohkoh SXT (14:07:32 UT) images, respectively. N general, the type Illd burst time delajtso-327 between

The llid bursts are presented at 432 (cross, source half power widi¢ high and the low frequencies are comparable with the time

and 327 MHz (circle). The Ilin bursts at 236 (triangle) and 164 MHeesolution of the instruments used. Therefore, for a more quan-

(square). titative study of type Illd bursts a time resolution better than
0.1 sis desirable.

and the time delats32_327 (Table 1). The source parameters at

410 MH; and 432 MHz are very similar, therefore we use trge_5_ Speed of type IIl burst exciters in IP medium

observations at 410 MHz to control the parameters only. The

apparent transversal speed of type Ill exciters is then: The electrons of burst (B) on 31 August 1998 were injected at

(15:34.5 =500 s) UT, they propagate through the corona and

IP medium and arrive the local plasma levefff2at about

To get the apparent speed of exciters of the second comp6:30 UT (Fig. 2). If we assume that the electrons move di-

nent (l1in) we use the source parameters at 236 and 164 Midzctly to the spacecraft, then we can estimate the speed of elec-

Table 1 gives the speeds of type Illd and llin componenti®ns asVe = L/tsun-earthy WhereL ~ 1.2 AU is the length

(Apparent transversal speed). of the path along the magnetic field spiral from the Sun to the
The speed of type Il burst exciters can be estimated Bpacecrafttsy, earthiS the flight time of electrons. We g¥t ~

another method using a density model and observed frequeABY00 km s, i.e. 0.15c.

Vang 22" = Alugz 327/ Mazz-327. 1)
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le 1. Type Ill burst parameters.
31 August 1998 7-Aug.-1998  25-Sep.-1997
Parameter Burst (A), Burst (B), Burst (C),
15:34:29 UT 15:34:32 UT 15:34:43 UT

Range, MHz 1000-150 1900-0.040 1300-200 700-40X 700-40X
Intrinsic duration, s

800—-400 MHz ~0.5 0.45-0.6 0.3-0.4 0.1-0.2 0.6-0.7

400-200 MHz 0.75 0.6-1.2 0.5-0.6 0.2-0.3 0.7-0.9
Drift rate, MHz s 1

800—-400 MHz ~2000 3000 >4000 >4000 1400

432-327 MHz 350-400 >1000 >1000 >1000 500
Paosition shift, km

AL4zp 397 79 000 61 000 63 000 92 000 55 000
Atyzo 307, S 0.24 0.12 0.12 <0.12 0.24
Apparent transversal speedNRH)

0235’327, kms?t(lid) 330 000 510 000 530 000 770 000 230 000

Uggglﬁ4, kms?(llin) 106 000 130 000 - - 40 000
Apparent radial speed(Dy)

V432327 km st (ld ) 200000 >525000 >525000 >525000 260000

All measurements are made at the harmonic mode: intrinsic duration at the bursts half intensity, the Brifarate¢he time delayAtss,_3»7) at

the maximum intensity from the dynamic spectrum and at corresponding NRH frequencies. X— means that the burst extends beyond instru
range.
4. Observational results 5. Model

The investigation of fast drifting type Il bursts combining?-1. Apparent superlumenal velocities

spectrographic and imaging observations has revealed the fpls assumed that an electron beam generates the observable ra
lowing results: dio emission along its trajectory (see Fig. 7). Due to the beam

. Both the spectrographic and the imaging observations Slé%-

. The speed of type llld burst exciters estimated indep

velocity (vrea), the beam propagation tirrig between two po-

. Observed type Il bursts tend to occur in pairs. The compgftions (a and b) is related to the timeffdrence 4t) between

nents in each pair show stronglyfidirent properties: a fast Observations of the radio source in projection at (a and b) by:
drifting type Illd and a “normal” drifting type Ilin com- Ureal
ponent. Some of them represent only the Ilid componefﬁt, =To(1- ¢ c0sp), 4)

without lln and vice versa. where¢ is the angle between the direction of the beam propa-

tion and the direction to an observer, anslthe light speed.

gests that the second component (I1in) separates from fe apparent velocity of the radio source is expressed as:

first one (llld). It means that near the splitting frequency
both components have a common source: the type Illinburst _ AL (5)
escapes from the type Ilid burst source. Yapp = Are

S0RereAL is the distance between the points a and b in pro-

dently by two diferent methods show superluminal appay:, .. : o
" ction on the sky (Fig. 7). But we can express this distance
ent velocities of £2.5¢). That means that the real speed Jﬁso as y (Fig. 7) P

electron beams could be near to the speed of light, i.e. In
the range of 220 000-280 000 kmtsThat corresponds to AL = tovea Sing. (6)
electron energies of 0.25-2.0 MeV.

. Type llin — the second (“normal”) component of the pairfghus the apparent transversal velocity of the radio source can
shows speeds of 0.13-0c4 which is usual for type 11l Pe calculated by
bursts. Those speeds correspond to electron energies of 4— Vreal SiNG
55 keV. Vapp= 7 N " ()
. . “ " 1- (UreaI/C) Cos¢
. In the events presented here the trajectories of “normal . . o
type llin bursts are not a simple straightforward extensiokhen the real velocity of the radio source is given by
of type llld trajectories, but show a sudden change in direc- C Vapp
tion of propagation. Yreal = Csing + DappCOS$ (©)



A. Klassen et al.: Superluminal apparent velocities 313

b - 1x109

to Urea

sx108 - / \
- L
¢ < / .
a d | .
N

8 | TS \ a

Fig. 7. Geometry of an observation of the electron beam propagation. ~ 610 k Y . \
The beam propagates from point a to b during a tigng., is the real 'y H / - 0 .

electron beam velocityAt is the measured time fiérence between 3 L /  AN

the beam observation at the positions a and,f, is the observed g L TN
apparent velocity of the beam, ands the angle between a direction > 4x108 ! ! e ‘\f\\ A B
of the beam and that to an observer. & /,' - T e ~. NN

We expressed the apparent velocities for several real velocities 2x10°H //’ ; e

of the beam depending on the view angle in Fig. 8. As it can i //
be seen for the relativistic electron beams with velocities close f ;s
to the speed of light, this apparent velocity can be superlumi-
nal. This approach is similar to that for extragalactic radio jets 0 20 40 60 80
(Pearson & Zensus 1987; see also Rogsse 1994). . ¢ (deg) .
. ’ . ... Fig.8. Apparent transversal velocity in dependence on the view angle

Using the observed apparent _superIL_JmmaI velocities HMsee Fig. 7) for the beam with velocity = 3 x 108 m s (full
type Ilid bursts (Table 1) and assuming a view angleg ef20° jine) , = 285x 1 m s (dashed line)y = 2.7 x 10° m s (dot-
we find that the real velocities are in the range @98.75¢C.  gashed line)y = 2.4 x 10* m s* (dot-dot-dot-dashed line), and=

This corresponds to electron energies of 2.0-0.25 MeV. 2.0x 10° m st (long dashed line). The horizontal full line corresponds
to the speed of light and the horizontal dashed line to the one of the

observed velocity 230 000 knt's

a

5.2. Model of type Ilid and Ilin bursts generated
by one electron stream released with a power—law

distribution function in acceleration space indexb = 2 x § can be higher than that in the relativistic part

This model agrees with that of Poguisse (1994). Let usof the distribution function)n, is the beam density, is the
assume that in the acceleration region, superthermal eleelocity, h is the coronal heightg is the low velocity cut-ff,
trons are accelerated with a power-law distribution functioa.is the parameter expressing the width of the Gaussian form
Furthermore, let the energy power-law indefor the relativis- of the spatial distribution in the acceleration region at the initial
tic part of electrons be smaller than 8 ¢ (Eo/E)P, where time. As can be seen, during the evolution of this distribution
f is the distribution function and is the electron energy). function at some specific time and at some specific distance
As shown by Pogerusse (1994), due to the accumulation dat heights corresponding to about 150—-200 MHz) from the ac-
electrons (in velocity space) close to the speed of light a vergleration site the bump-on-tail is formed (the growth rate of
narrow beam with small velocity dispersion can be formdtis instability ovecomes the collisional damping) and a nor-
(the condition for MHD instability stage (or reactive stagemal type Il burst starts. This part of the distribution function
e.g. Melrose 1980) of the two-stream instability can be futontains many more electrons than the high speed part, and
filled), and a type llld burst is generated from the acceleratican generate a type llin burst on a long trajectory, sometimes
source up to some coronal height (corresponding to aboutadifthe way from the solar flare to the Earth. Thus electrons
150 MHz), where the validity of the condition for the hydroof one distribution function can explain twoftérent type IlI
dynamic instability is interrupted. This means that the startityirsts: a) its relativistic part generates the high-frequency type
frequency of this type llld burst corresponds to the acceleddd burst and b) its part with classical velocities the normal
tion site and the density derived from the starting frequencytigoe Ilin burst, but after some evolution.
nearly the density in the acceleration region.

On the other hand, for lower velocities, the electron dlstré—_ Discussion and conclusion

bution function is also a power—law in the acceleration region,
therefore there is no bump there and no instability initially. Buh the previous section we proposed a model explaining the

this part of the distribution function evolves in space. We caubsequent type llld and type IlIn bursts by twéfelient emis-

express its evolution as follows (Karligh& Krl'in 1983) sion regimes of the beam. The relativistic regime, generating
the type llid burst, operates very soon after the release of the

f(hot) = M (0=1) (@)é exp[—az(h - vt)z], (9) beam and tends to be the mofi@ent at the beginning. But

vo v as fast electrons lose progressively their energy into Langmuir
for v > vo, where f at the initial timet = 0 is a power—law waves, at some point there are too few relativistic electrons left:
function with a power—law index (the corresponding energythe relativistic regime ceases and the type Illd burst disappears.
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On the contrary, the classical regime of the beam instabilippparent velocities of type Illd bursts are explained as radio
generating normal type IlIn burst, starts slowly and tends to benission from relativistic electron beams propagating nearly
more and moreféicient as the “bump-on-tail” is formed by thealong the line of sight towards the observer with velocities
propagation. close to the speed of light.

Although this model explains many characteristics of the
pair of subsequent type llld and IlIn bursts, one observatiorfsknowledgementsiVe are grateful to M. Pogusse for useful dis-
aspect still needs further careful consideration. Namely, tﬁgs;'f,’vri‘tmﬂecc;)r:‘orgggéfhg;’vgntga:é‘css";J'fK&i‘{?_fg;g”-@;?g”ﬂ;ﬁ;
change of the type_ ”.Id burst into a type llin burst, the fref-ul to the TRACE, Yohkoh—SXT teams, Solar Data Analysis Center,
quency stop of radiation of type Illd, and the sudden chan

. A gﬁd Mullard Space Science Laboratory for data access. Part of this
of trajectories that were observed at about the same frequepigy

X i wotk was supported by the Germdeutsche Forschungsgemein-
range 150-200 MHz. In the present model this fact is consigkhaft pFG MA 137614-1.

ered to be by chance. But using the present observational data

we cannot exclude some further possibilities:

1. The relativistic beam, generating the high-frequency fd3gferences

drifting type llid burst, is moving along a magnetic loop Up tQ\yarez, H., & Haddock, F. T. 1973, Sol. Phys., 29, 197

the top, where it penetrates into the bottom part of the currefichwanden, M. J., & Acton, L. W. 2001, ApJ, 550, 475

sheet expected in a streamer structure. The beam increasegéne, A. O., Treumann, R., Vilmer, N., et al. 1982, A&A, 108, 161
local electrical resistivity, as suggested in the paper by KaylicBougeret, J.-L., Kaiser, M., Kellogg, P., et al. 1995, Space Sci., Rev.,
& Jungwirth (1989) and then the induced electric field ac- 71,231

celerates the new electron beam which generates the norRigk, G. A., Goldman, M. V., Steinberg, J. L., & Hoang, S. 1987,
type IlIn burst. A&A, 173, 366

L Jificka, K., Karlicky, M., Kepka, O., & Tlamicha, A. 1993, Sol. Phys.,
2. The relativistic beam generates strong electromag- 147 203

netic radiation, which accelerates a new beam, generating gglicky, M., & Krl'n, L. 1983, Bull. Astron. Inst. Czechos. 34, 18

type Ilin burst, in the neighbouring open magnetic field strugarlicky, M., & Jungwirth, K. 1989, Sol. Phys. 124, 319

ture. This idea is similar to that suggested by Sprangle Karlicky, M., Mann, G., & Aurass, H. 1996, A&A, 314, 303

Vlahos (1983). Kerdraon, A., & Delouis, J. M. 1997, in Lecture Notes in Physics 483,
3. At the top of the closed magnetic field lines the relativis- Coronal Physics from radio and space observations, ed. G. Trottet

tic beam penetrates into a zone of plasma waves as discusseﬂgx’e”m: Springer), 192

Karlicky et al. (1996). Here the parameters of the beam changesﬁgagulrggs’ H., Voigt, W., & Paschke, J. 1992, ESA-Journal

into these for a type Ilin burst. Mann, G., Jansen, F., MacDowall, R. J., et al. 1999, A&A, 348, 614

4. There are two dlierent beams propagating in two neighMelendez, J. L., Sawant, H. S., Fernandes, F. C. R., & Benz, A. O.
bouring but diferent magnetic loops as suggested by Benz et al. 1999, Sol. Phys., 187, 77 _
(1982). This model is less likely because at 236 and 327 MHelrose, D. B. 1980, Plasma astrophysics Il (New York: Gordon &
where both components were simultaneously observed, theyBreach Publ.), 127 _ _ _
had a common source. Pearson, T. J., & Zensus, J. A. 1987, in Superluminal Radio Sources,

: : ed. J. A. Zensus, & T. J. Pearson (Cambridge Univ. Press), 1

Our obs_ervat_lor?s sh_ow that hlgh_ frequgncy type 11l burslt_.,soqlérusse’ M. 1004, AGA, 286, 611

can appear in pairs: a primary fast drifting high frequency corg

w P drifti aoult, A., Lantos, P., Klein, K. L., Correia, E., & Kaufmann, P. 1989,
ponent (llld) and a secondary “normal” drifting component g Phys., 120, 125

(Ilin). Together, they can cover a very broad spectral ranggrangle, P., & Viahos, L. 1983, ApJ, 273, L95

of 2000-0.020 MHz, i.e. from the flare site to the Earth orb8yzuki, S., & Dulk, G. A. 1985, in Solar Radiophysics, ed. D. J.
(1 AU). Using directimaging observations we found out for the McLean, & N. R. Labrum (Cambridge Univ. Press), 289

first time that the primary component shows a superluminal wild, J. P. 1950, Aust. J. Sci. Res., Ser. A, 3, 541

locity up to 2.5c, while the secondary component has the usuébtnik, E. Ya., Klassen, A., Klein, K.-L., Aurass, H., & Mann, G.
velocity of type Il burst exciters<€0.5 c¢). The superluminal 1998, A&A, 331, 1087



