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Abstract. A catalogue of the type Il and type IV solar radio bursts in the-B& MHz range, observed with the radio
spectrograph ARTEMIS-IV operated by the University of Athens at Thermopylae, Greece from20Bis presented. These
observations are compared with the LASCO archives of Coronal Mass Ejections and the Solar Geophysical Reports of solar
flares (Hr & SXR) and examined for possible associations. The main results are:

— 68% of the catalogue events were associated with CMEs.

— 67% of the type Il events were associated with CMEs, in accordance with previous results. This percentage rises to 79%
in the case of composite typgINV events.

77% of the type IV continua were associated with CMEs, which is higher that the CME-type Il association probability.
The type Il associated CMEs had an average velocity of £880) km s?, while the CMEs not associated with type Ils

had an average velocity of (5@0150) kms*.

All events, but one, were well associated withr Bindor SXR flares.

Most of the CME launch times precede by& min (30 min on average) the associated SXR flare peak; an important
fraction (72%) precede the flare onset as well.

Key words. astronomical data bases: miscellaneous — catalogs — Sun: activity — Sun: corona — Sun: flares —
Sun: radio radiation

1. Introduction guestion the type Il association with the most energetic and
impulsive flares, demonstrating an almost equal probability of

Type Il bursts represent the passage of a MHD shoge | association with smaller flares as well.
wave through the tenuous plasma of the solar corona

(Wild & Smerd 1972); their radio emission is due either to en-
ergetic electrons accelerated at the shock front or plasma {ll . , X - .
bulence excited by the shock. Although they are associatBd activé regions, thus stressing the association of metric
with eruptive phenomena and are identified either with a fla?Qd_decametnc type |l bursts with fiares rather than CMEs
blast wave (Vrsnak et al. 2001) or with a CME forward shoc%le'n _et al. 1999); Classen & Aura;s (2002) on the other h_and,
(Kahler et al. 1984; Maia et al. 2000: Aurass 1997) or with §Stablish an almost equal probability for a type Il to be driven
shock driven by the flanks of a CME (Classen & Auraskgyaflqre blast, the front of a CME or its flank; they categorise
2002), their exact origin has not been unambiguously det@Sc0rdingly type Il aslass 1, class 2ndclass 3

mined (Klassen et al. 1999); furthermore Pearson et al. (1989) The dynamic spectra of type Il events appear as slowly
drifting bands, from high to low frequencies; they of-

Send gprint requests toX. Moussas, ten exhibit a characteristic fundamental-harmonic structure
e-mail: xmoussas@cc.uoa.gr (Maxwell & Thompson 1962), as well as significant fine struc-

* Appendix A is only available in electronic form atture (Mannetal. 1996; Slottje 1981) dubbhdrringboneor
http://www.edpsciences.org backbone

Recent observations place the origin in rapidly expand-
g or disrupting magnetic structures in the outskirts of flar-
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More often than not, the appearance of type Il radio bursts In this article we present a catalogue of all the type Il
is preceded by groups of bursts of the type IIl family. On thend IV solar radio bursts observed during 192800 by the
dynamic spectra the onset of the type Ill activity seems be ARTEMIS-IV Solar Radio spectrograph, including associated
the same spectral range as the backward extrapolated typEMEs and flares from the LASCO archives and the Solar
lanes; Wild et al. (1963) named this type of eveotmpound Geophysical Data (SGD) respectively. Throughout this report,
and concluded that both the type Ill and the type Il bursts oritype Il bursts followed by type IV continua are referred to
inated from a common source. Recently, Klassen et al. (1928) type ]IV events. In Sect. 2 we describe our instrumenta-
reported two more spectral features physically related to ttien and the observations used in the compilation of our cata-
type Il exciter: thetype Il precursorconsists of fast drift bursts logue; in Sect. 3 we present our results based on this catalogue.
or pulsations with a restricted bandwidth near the spectral rafgiscussion of results and conclusions appear in Sect. 4, while
of the backward extrapolated type Il lanes; #ie consists of a the catalogue is given in the appendix.
series of narrow-band bursts immediately preceding the type Il
onset; it has an inverted U-shaped envelope, hence its name. ]

The continua observed during periods of activity, on thé Observations
other hanq,_represent_ the radiation of energgtlc electrcgﬁl Instrumentation
trapped within magnetic structures and plasmoids and they
appear under the name type IV bursts (Kundu etal. 200Qur radio data were obtained with the ARTEMIS-IV so-
The stationary type IV bursts(lV mB) emanate from lar radio spectrograph (Caroubalos et al. 2001a), operating at
magnetic structures usually located above active regiofisermopylae, Greece (389 N, 22° 41’ E). The daily obser-
(Robinson 1985); they often present significant fine structwations cover the time interval 05:3@5:00 UT. The instru-
(Slottje 1981). Themoving type IV burstBoischot 1957) ment covers the frequency range of 110 to 687 MHz, us-
are emitted from sources of meter wave continuum whighg two receivers operating in parallel. The Global Spectral
are believed to move outwards at velocities of the ordg@nalyser (ASG), a sweep frequency receiver and the Acousto-
of 100-1000 kms?; their spectrum is often featurelesOptic Spectrograph (SAO), a multichannel acousto-optical re-
and sometimes last more than 10 min. Some of them ageiver. The sweep frequency analyser (ASG) covers the full fre-
pear following type Il bursts and are possibly caused hyuency band with a time resolution of 10 samyse3 he high
energetic electrons produced in the wake of the type dénsitivity multi-channel acousto-optical analyser covers the
shock. Others may originate from energetic electron pop265-450 MHz range, with high frequency and time resolution
lations trapped in expanding magnetic arches or plasmoi¢fs00 samples); its recordings are used, mostly, for the study
i.e. blobs of dense plasma containing their own magnet€fine structures (cf. for example Caroubalos et al. 2001b).
field (cf. Wild & Smerd 1972; Stewart 1985 and references
therein). A number of moving type IV (IV mA) bursts .
are bel)ieved to originate within the densest substructuresZO?' Event List
CMEs (Aurass 1997; Aurass et al. 1999); the work by Kleif assembling the catalogue we included all the type II, IV
& Mouradian (2002), Bastian et al. (2001) provides morgnd |yIV meter-wavelength events recorded by ARTEMIS-IV
evidence which corroborates this point of view, associatingsG during 19982000; during this three-year period the in-
the type IV source with the erupting prominences withigtrument was out of operation for technical reasons for about
the CMEs. 12 months (see table in the appendix for the exact dates), thus

Coronal Mass Ejections (CMEs) are solar transients ch@e catalogue covers about twenty four months of observa-
acterised by the expulsion of solar plasma and frozen in magms. The dynamic spectra shown here are uncalibrated, but
netic field from the corona to the interplanetary space; theife minimum value has been subtracted from each channel.
driving mechanism is probably magnetic (Amari et al. 200§;he SAO dynamic spectra infiérential form were examined
Vourlidas et al. 2000; Wu etal. 2001). The association @by type IV fine structure classification, as appropriate, when
CMEs with other types of solar activity has been studhe recorded event, or part of it, was within the 2850 MHz
ied meticulously (cf. for example Hildner etal. 1976 on thgange. We note that in the fine structure detection and classifica-
CME-Sunspot Number association, Webb & Hundhausggn we use dierential spectra, which suppress the underlying
1987 and Munro et al. 1979 on the association Witfontinuum, enhancing the structures with shorter time scales
Eruptive Prominences and long duration events (LDEgdxamples of dynamic spectra appear in Figs. 1 to 5).

(also Gilbert etal. 2000; Kahler etal. 1989), flares (cf. also gince a number of events exceeded the spectral range
Svestka 2001), radio bursts (cf. also Maia et al. 2000)), flargs ASG, we supplemented the information in our list with
and filament eruptions (Guiping Zhou et al. 2003), solar engecordings and spectra from the Izmiran Radio spectrograph
getic electron events and coronal shocks (Klassen et al. 20Q@) Nanay Decametric Arrayand AIP (Potsdam) which were
but the results are not conclusive. Therefore both the CME oggajlable on the Internet; these were used in the classifica-
gin and their association with active solar features are opg#h of recorded type Il bursts as fundamental or harmonic,

research issues since our understanding of both is still uncgf-for the detection of type I bursts originating outside the
tain. Catalogues of recorded CMEs, some including associated

phenomena, have already been compiled and published (cf. férhttp: //www.helios.izmiran.rssi.ru/lars/Archives
example Yashiro et al. 2001; Gil Moreno et al. 1998). 2 http://www.obs-nancay. fr/html-an/quicklook.php
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Fig. 1. ASG dynamic spectrum of the 2000 February 8 typB/Ievent (#23 in our catalog), preceded by a type Ill group with time resolu-
tion 1.0 s. The bursts of flerent types have been annotated on image. Upper panel: intensity spectrum, Lower ffanehtidi spectrum
(time derivative of intensity).

ARTEMIS-IV spectral range, yet accompanying continua afheref is the frequency in MHZzVqi: is in Ry/s (Solar radii
the ARTEMIS-IV catalogue. In Fig. 3 we present an exanper second) and we have assumed radial propagation of the
ple of an extended dynamic spectrum in the 687 MHKHz MHD shock and emission at the first harmonic of the local
range, using combined spectral data from ARTEMIS-IV, tHeangmuir frequency. Under the same assumption (radial prop-
Nang@y Decametric Array and the WINBVAVES?® receivers agation, Newkirk Corona, radiation at the first harmonic) we
(for a similar composite spectrum cf. Bougeret et al. 1998). estimated by extrapolation the typddunch time using its ve-
Most of the recorded type Il bursts were in the first hatecity and the height corresponding to its appearance on our
monic, as confirmed by the corresponding dynamic spectexordings.
of I1zmiran and the 46800 MHz sweep spectrometer of the Then the LASCO coronagraph (Brueckner et al. 1995)
(AIP) Astrophysical Institute of Potsdam (Mann et al. 1992vent list was examined. The CME velocities and start times
The type Il shock velocitie¥y;i were estimated from the ob-were estimated from the LASCO movies using the linear re-
served frequency drift rate using the Newkirk (Newkirk 196ression by Yashiro & Michalek (Yashiro et al. 2001) and are
1967) density e, in cn3) vs. height R, in R,) coronal model: available in the LASCO event lit Following Classen &
Aurass (2002), we have adopted an error of 100 Knirsthe

Ne = 8.3x 10% x 10*3?R = 83 x 10* eXP(g 9R47) CME velocity estimate which seems to cover both projection
) ) ) and acceleration or deceleratioffieets.

and the equation (Tlamicha & Karlicky 1976): Lastly, the NOAA Solar Geophysical Data catalogues

1df [In(0.037f?2)]? of GOES SXR and H flares were examined for possible

fdt M 109

4 http://cdaw.gsfc.nasa.gov/CME_list
3 http://lep694.gsfc.nasa.gov/waves/waves.html 5 http//www.sel.noaa.gov/ftpmenu/indices
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Fig. 2. SAO dynamic spectrum of the type IV burst of the 2000 February 8 complex event shown in Fig. 1. Upper panel: intensity spectru
Lower panel: diferential spectrum, which enhances the fine structure (pulsating) of the type IV continuum.
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associations. The ddflares were, at times, reported by more in the NOAA lists. If both criteria were satisfied we classi-
than one observatory. In those cases we chose the observatiofiied the association ascellent otherwise, if the temporal
with the largest duration. criterion was violated slightly or we could not establish a

As regards the compilation of the type II, IV andIV spatial association due to lack of positional data, the as-
ARTEMIS-IV 1998-2000 catalogue we adopted spatial and sociation was characterisgod In the case of excellent
temporal criteria for the selection of the associated CMEs and association we indicate in our list the NOAA region from
flares (SXR and H) as follows: which the radio burst originates.

— For the metric radio burst-flare association: for the tempo-
ral association we adoptedidirent criteria for the type IV
continuum and the type Il burst. For the former we re-
quired the overlap, at least in part, of the total duration of
the flare with the total duration of the radio emission. For
the latter we used the type Il launch time with a twenty
minute interval before and after it; a positive association
was established if it overlapped with the flare duration.
For the spatial criterion we used positional data (available
for most of our events) from the Naag Radioheliograph
(Kedraon & Delouis 1997) images and moigse exam-
ined coincidence with flares using their position recorded

6 BASS2000 French Solar Data Bagetp//mesola.obspm. fr

For the CME association: from the time-height diagrams
in the CME lists we defined a time window of 60 min
between the CME takdébtime and the peak of the ac-
companying flare; this is a variant of the criterion used by
Vrsnak et al. 2001 (a 60 min window from tak&do the
onset of the flare); we preferred to use the flare peak rather
than the onset, since the former is more easily identifiable.
To establish spatial association, we required that the flare
and the CME originated within the same quadrant, other-
wise we rejected the association; for this we compared the
flare position with the CME central position angle and an-
gular width. The spatial criterion, obviously, cannot be ap-
plied in the case of halo CMEs.
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Fig. 3. Composite dynamic spectrum of the 1999 June 30 tyfbe dvent (#18 in our catalog), preceded by a type Il group, in the frequency
range 687 MHz to 1 KHz with 18 s time resolutiddpper panel WIND/WAVES spectrum, showing the type Il in the interplanetary space;
Middle panel Nan@y Decametric Array spectrurhpwer panel ARTEMIS-IV ASG spectrum (cf. Fig. 4).

At this point we note that for a number of events the spatialrsts and 21 type Il bursts followed by a type IV contin-
criterion fails to lead to the acceptance or rejection of an asam (Type IfIV). Among the type IV were the radio sig-
sociation. This is due to either the lack of positional data foxatures of the July 14, 2000 major solar event (event 36; see
the radio burst or the flare or to the appearance of more thélein et al. 2001; Caroubalos et al. 2001b), the May 2, 1998
one accompanying flares as candidates for association. Asewent (event 06; see Pohjolainen et al. 2001) and four radio
gards the use of time window for temporal association, as ath CMEs (i.e. CMEs associated with a metric or decametric
ready pointed out by Webb & Hundhausen (1987), it represemtype Il burst) from Gopalswamy et al. (2000) (their Table 1).
a compromise between rejection of significant associations &tk gross spectral characteristics and the associated CME and
inclusion of spurious ones, as for every threshold-based selftare parameters are summarised in the appendix. We note that
tion process. To mediate thifect we use the above-mentionedll but one of the forty events were associated with eitheran H
combination of criteria. andor a SXR (GOES) event. With regard to the CME-type Il
and CME-type IV association, our sample of event shows that:

3. Results

In the table of the appendix we include all solar type Il and IV- five out of eleven type Il bursts were associated with a

radio bursts recorded by ARTEMIS-IV in the 11687 MHz CME (45%);

range, during 19982000; we present the type Il and IV burst — five out of eight type IV bursts (71%) were associated with

parameters as well as the parameters of the associated CMEsa CME, while one occurred during a LASCO Data Gap;

Ha flares and SXR GOES flares. — fifteen of the twenty one type/IV events were associated
Forty events were recorded by ARTEMIS-IV in the pe- with a CME (79%) while two occurred during a LASCO

riod 1998-2000, of which 8 type IV continua, 11 type Il  data gap;
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Fig. 4. Expanded ASG dynamic spectrum of the event shown in Fig. 3, with time resolution of 2.0 s. The burfisrefttypes have been
annotated on the figure. Upper panel: intensity spectrum, Lower paffeteditial spectrum (time derivative of intensity).

— twenty of the thirty two type Il and JIV bursts were ac- a MHD shock, still ambient medium parameters (density and
companied by CMEs (67%) while two occurred duringnagnetic field) are equally important since the CME needs
a LASCO data gap. This corroborates similar results lexceed the Alfven velocity.
Sheeley et al. (1984) and Classen & Aurass (2002); they in- In Fig. 8 we present velocities of CMEs versus the to-
dicate a 70% association probability between type Il everitd integrated flux of the associated SXR flare-§1A GOES
and CMEs; channel); the velocity increases with increasing total SXR flare
— twenty of the twenty nine type IV and/IV bursts were output, approximately following the empirical relationship
associated with CMEs (77%), while three occurred during-ye = 150 In(Fsxr) + 1384, this may imply a certain corre-
LASCO data gaps; lation between the extent of the magnetic restructuring linked
— the type Il associated CMEs have an average velocity a CME launch and the extent of the reconnection releas-
of (835+ 380) km s, while the CMEs not associated withing the free energy necessary for a flare. However, a cause and
type lls have an average velocity of (58050) kms?. effect mechanism cannot be observationally established under
the circumstances.
In Fig. 6 we compare velocities of CMEs and associated type Il In Fig. 9 we summarize the total activity, including esti-
drift velocities. To take into account all errors in the estimanated CME take f time, SXR flare and type Il, lll and IV
tion of both, we adopted the criterion introduced by Classenetric radio bursts, of the CME associated events of the
& Aurass (2002), which states that, a velocity ratio in thaRTEMIS-IV catalogue. The origin of time coincides, for each
1/2-2 range may qualify the type Il MHD shock as originatingvent, with the time of the SXR flare maximum. We note that
in the CME front (class 2 event); all but three of the CME assmost of the CME launch times precede by&® min (aver-
ciated type lls in our data set seem to belong in this categorgge 30 min) the SXR peak, and in most bursts the onset of
In Fig. 7 we show histograms of velocities of CMEs agthe radio bursts. Type Ill groups precede most CME associated
sociated with type Il events as well as of CMEs not asstype Il and type IV bursts.
ciated with type llIs. The former have an average velocity
of (835+ 380) kms? while the latter of (506t 150) kms™. ,
Similar results are reported by Gopalswamy et al. (2000) wﬁo Summary and conclusions
maintain that radio rich CMEs tend to be faster than averagéne Artemis-IV catalogue of type II, IV and/IV events
The systematically lower velocity range, yet with some overecorded during 1998000 includes information on associ-
lap, for the non type Il associated CMEs implies that, althougited CMEs and flares; the examination of these data has pro-
a relatively fast CME may be required for the formation ofided us with some interesting statistical results.
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o 2000 does not contradict our statistic. Furthermore, our results are in
g 1800 36 accordance with a previous case study on four CME associated
~~ 1600 ® flares by Zhang et al. (2001), who stated that the initial accel-
E 1400 3% 4 eration phase of a CME coincides with the rise phase of the
® . . . . .
— e o0, § 35 - accompanying _SXR flare, thus supporting a CME triggering of
> e c.-0e the flare scenario.
+ 1000 25 1% Of the type Il bursts in our list, 67% are associ-
O 800 ® 1 17319 o ated with CMEs. This corroborates the observations of
.2 600 il % 34.40 Sheeley et al. (1984), Classen & Aurass (2002) who reported
Y L0 ° e TN that 70% of type Il bursts are associated with CMEs; they
> ’,'\ - % also pointed out that majority of the type Il associated
w2003 .- CMEs have velocities greater than 400 krhswhich is
5 0 SSUBLALLLL B N R B 1) e ) the case with our data set; this is also in accordance with
1.0E-4 1.0E-3 1.0E-2 1.0E-1 1.0e4+0 Gopalswamy et al. (2001) whose data point out that the faster
SXR Total Flux (3/mA2) CMEs drive type Il busts, resulting in radio rich events.

Lastly, our results imply that type IV and composite
type 1/IV bursts manifest an even better association with
CMEs (77% and 79% respectively) than type 1l bursts alone,
thus providing a more reliable proxy for the CME onset.

Fig.8. Velocities of CMEs in kmst (Vowe) versus integrated
flux (Fsxr) Of associated SXR flares ifind. The data are fitted with
Veme = 150 In(FSXR) +1384.
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Appendix A: ARTEMIS-IV, LASCO, GOES
and Ha Observations

The table provides a concise summary of metric bursts
(type IlI, IV and I//IV events), with their associated CMEs and
SXR-Ha flares, in the 19982000 period.

In Col. 1 the table gives the type of activity. Under the head-
ing “associated bursts” we included all bursts of the type 1lI
family preceding type Il, IV and JIV events, as well as “arcs”
and “precursors”. In parenthesis, next ta,Hs the reporting
station. Column 2 gives the date and start time of the events;
for CMEs and type Il bursts recorded by ARTEMIS-IV we
have included the extrapolated launch time as specified in the
“event list section”, together with the time of the first detection;
for the CMEs the time of first detection is the time of the first
appearance in the field of view of the LAS@C2 Coronagraph.

In Col. 3 we give the peak time of SXR andxHlares and in
Col. 4 the end times of bursts and flares.

Column 5 gives the flare class (B, C, M, X for the SXR; SF,
SN, ..., 3B for Hy, from SGD) and Col. 6 the SXR integrated
flux. In Col. 7 we give the location of the flare on the disk, in he-
liographic coordinates, as well as the central position angle and
the width (entry underneath the position angle) of the CME.
Column 8 shows the frequency range of radio bursts in MHz,
while Col. 9 gives the logarithmic frequency drift of the type Il
bursts. Column 10 gives the drift velocities of type Il bursts,
calculated from the frequency drift rate and a Newkirk coro-
nal density model assuming radial propagation (cf. Sect. 2.2)
and the CME velocities from the LASCO lists, estimated by
linear regression (Yashiro et al. 2001). In Col. 11 we give the
CME acceleration from the same LASCO lists.

In the remarks column we provide information on the fine
structure of type IV continua, from the SAO dynamic spectra;
we also mark the type lIs which were outside the ARTEMIS-IV
spectral range and the relevant information has been taken from
the AIP, Izmiran or Napay Decametric Array archives. In ad-
dition, we give information about the solar active region as-
sociated with each burst. For the radio bursts with imaging
data from the Naymy radioheliograph, ensuring an “excel-
lent” association with the accompanyingrHlare, we record
the NOAA number of the region of origin. Bursts without a
NOAA region entry in this column, for lack of positional in-
formation, are only deemed in “good” association with the
accompanying activity.
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Table A.1. ARTEMIS-IV Observations and Associated LASCO, SXR & Hvents.

Observation Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
uTt Ut uT Flux Range 1% kms! mys
Jm? MHz st

Event 01: 15 April 1998

Type IV 07:48 - 08:10 IV - - 200-550 - - - Pulsations
Some Fibers
NOAA 8203
CME 07:37 - - - - 335 - - 691 -6.0 -
07:55 049
SXR 07:37 07:46 07:54 C8.8 .Bx10° - - - - - NOAA 8203
Ha (SVI) 07:39 07:45 08:06 SN - N29W15 - - - - NOAA 8203

Event 02: 15 April 1998

Type IV 12:32 - 12:51 IV - - 668-200 - - - Pulsations
NOAA 8203
CME 12:16 - - - - 339 - - 589 -7.0 -
13:55 048
SXR 11:55 12:33 12:42 C8.2 .Bx10°® - - - - - NOAA 8203
Ha(SVI) 12:01 12:23 12145 SF - N27W19 - - - - NOAA 8203

Event 03: 25 April 1998

Type IV 14:16 - 14:59x IV - - 110-450 - - - Pulsations
NOAA 8210

CME 13:30 - - - - 095 - - 349 -55 -

15:11 073
SXR 14:02 14:39 15:33 C3.6 .3dx102 - - - - - NOAA 8210
Ha(KANZ) 14:14 14:22 15:32 SF - S15E70 - - - - NOAA 8210
Event 04: 27 April 1998
Type IV 09:04 - 09:40 IV - - 100-500 - - - Pulsations
Type Il 09:08 - 09:30 I - - 40-90 - - - From AIP
CME 08:45 - - - - Halo - - 1385 745 -

08:56 -
SXR 08:55 09:20 09:38 X1.0 .ax10' - - - - NOAA 8210
Ha (SVI) 08:36 09:11 12:34 2B - S16E50 - - - - NOAA 8210

Event 05: 27 April 1998
Type IV 10:25 - 11:25 v - - 150-400 - - - Pulsations
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Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
ut Ut uT Flux Range 14  kms! mg
Jm? MHz st
Event 06: 2 May 1998
Type Il 13:40 - 13:50 1l - - 300-1%0 0.0036 940 - Harmonic
13:36 NOAA 8210
Type IV 13:34 - 14:55 \Y - - 110-698 - - - Pulsations
NOAA 8210
Ass. Bursts  13:33 - 13:40 1] - - 600-120 - - - GG
NOAA 8210
NOAA 8214
CME 13:07 - - - - Halo - - 938 -29.0 -
14:06 _
SXR 13:31 13:42 13:51 X1.1 .Bx10? - - - - - NOAA 8210
SXR 13:14 13:17 13:19 B6.5 .1x10* N25E26 - - - - NOAA 8214
Ha (RAMY) 13:34 13:42 15:47 3B - S15W15 - - - - NOAA 8210
Ha (HOL) 13:18 13:23 13:36 SF - N25E26 - - - - NOAA 8214
Event 07: 3 May 1998
Type IV 09:20 - 13:20 \Y - - 110-500 - - - Pulsations
NOAA 8210
CME 09:32 - - — - 241 - - 497 -25 -
10:30 074
SXR 10:02 10:19 10:36 C25 .¥Wx10° - - - - - NOAA 8210
Ha (RAMY) 10:14 10:15 10:45 SN - S20W26 - - - - NOAA 8210
Event 08: 6 May 1998
Type Il 08:07 - 08:28 1] - - 300-110 0.0016 416 - F-H
07:57 NOAA 8210
Type IV 08:07 - 09:00 v - - 400-130 - - - NOAA 8210
Ass. Bursts  08:03 - 08:05 1] - - 400-110 - - - G
08:05:40 - 08:06:50 I - - 300-350 - - - Arc
NOAA 8210
CME 07:50 - - - - 309 - - 1100 245 -
08:29 190
SXR 07:58 08:09 08:20 X2.7 2x10! - - - - - NOAA 8210
Ha (COM) 07:58 08:04 09:05 IN - S11W6e5 - - - - NOAA 8210




C. Caroubalos et al.: ARTEMIS-IV type/lV observations during 1998-200@nline Material p 5

Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
uT utr Ut Flux Range 14 kmst e
Jm? MHz st
Event 09: 08 May 1998
Type Il 06:01 - 06:04 1l - - 250-1%0 0.0043 1120 - Harmonic
05:57
Type IV 06:04 - 06:50 IV - - 350-110 - - - Pulsations
Ass. Bursts  06:00:30 — 06:02 1l - - 300-180 - - - Uor ARC
CME 05:34 - - - - 245 - - 1265 -62.0 -
06:27 075 -
SXR 05:53 06:08 06:26 M1.4 .@x102 - - - - - -
Ha (KANZ) 06:19 06:24 06:36 SF - N23W57 - - - - NOAA 8214
Ha (KANZ) 06:19 06:28 07:00 SF - S18w8z2 - - - - NOAA 8210
Event 10: 27 May 1998
Type IV 13:07 - 13:30 IV - - 698-110x - - - NOAA 8226
Type Il 13:02 - 15:47 |l - - 70-20 - - - Naag
CME 12:54 - - - - 306 - - 878 -40 -
13:46 268 -
SXR 13:30 13:35 1450 C7.5 .Bx10? - - - - - NOAA 8226
Ha(HOL) 13:25 13:38 15:19 SF - N18wW58 — - - - NOAA 8226
Event 11: 19June 1998
Type IV 06:39 - 07:59 IV - - 110-698x — - - Pulsations
NOAA 8249
CME 06:16 - - - - 128 - - 373 55 -
07:20 105
SXR 06:48 07:11 0753 B85 .@x10° - - - - - NOAA 8249
Ha (LEAR) 06:52 06:56 07:28 SF - S32E36 - - - - NOAA 8249
Event 12: 20 June 1998
Type IV 14:23 - 15:00x IV - - 110-698x — - - Pulsations
NOAA 8243
Type Il 14:20 - 14:44 1 - - 40-150 - - - From AIP
SXR 14:12 14:30 14:44 C4.0 9¥x10° - - - - NOAA 8243
Ha (KANZ) 14:19 14:27 14:47 1F - N13w23 - - - - NOAA 8243
Event 13: 30 Aug. 1998
Type IV 06:45 - 07:17 IV - - 350-110 - - - NOAA 8307
Ass. Bursts  06:46 - o7:17 1l - - 500-120 - - - GG
CME LASCO DATA GAP -
He (LEAR) 06:43 06:51 07:07 SF - N29W69 - - - - NOAA 8307




C. Caroubalos et al.: ARTEMIS-IV type/IV observations during 1998-200@nline Material p 6

Table A.1. continued.

Observation  Start Peak End Class Location Freq Drift Vel Accel Remarks
uT uT uT Flux Range kms?! m/s
Jm? MHz
Event 14: 23 Sep. 1998
Type Il 06:56 - 07:02 1 - - 200-1x0 0.0018 552 - Harmonic
06:44 NOAA 8340
Type IV 06:56 - 11:29 IV - - 698-110x - - Pulsations
NOAA 8340
CME LASCO DATA GAP —
SXR 06:40 07:13 07:31 M7.1 2ax10! - - - NOAA 8340
He (SVI) 06:44 07:06 10:09 3B - N18EO9 - - - NOAA 8340
Event 15: 30 Sep. 1998
Type IV 13:11 - 14:50 IV - - 500-130 - - Pulsations
NOAA 8340
or
NOAA 8345
Type Il 13:22 - 13:30 I - - 4£0-90x - - From AIP
CME LASCO DATA GAP —
Ha (RAMY) 13:24 13:34 13:39 SF - N21W71 - - - NOAA 8345
Ha (RAMY) 13:14 13:31 13:39 SF - N19wW85 -— - - NOAA 8340
Event 16: 250ct. 1998
Type Il 13:55 - 13:58 I - — 110-450 1270 - Harmonic
13:54
SXR 13:51 13:56 14:04 C2.2 .Ax10°% - - - - NOAA 8366
Ha (RAMY) 13:54 ik 14:15 SN - S11W53 - - - NOAA 8366
Event 17: 02 Nov. 1998
Type IV 13:48 - 14:22 IV - - 500-110 - - NOAA 9811
Type Il 13:59 - 14:08 I - - 40-130 - - From AIP
CME 13:26 - - - - 116 - 661 0.0 -
14:18 169
SXR 13:55 14:09 14:33 C4.4 Bx10° - - - - -
Ha (HOL) 14:02 14:06 16:04 1N - S25E44 - - - NOAA 9811
No Data Jan. to MAY 1999 Due to
technical

problems
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Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
uT Ut uT Flux Range 14  kms! mg
Jm? MHz st
Event 18: 30 June 1999
Type IV 11:26 - 11:38 IV - - 110-450 - - - Pulsations
and some
Fibers
NOAA 8603
Type Il 11:30 - 11:32 1l - - 40-75 - - - Harmonic
From AIP
Ass. Bursts  11:25:30 - 11:28 1l - - 698110x — - - GG
CME 11:00 - - - - Halo - - 406 -95 -
11:54 -
SXR 11:24 11:30 11:38 M1.9 1x10? - - - - - NOAA 8603
Ha (SVI) 11:23 11:33 11:56 1B - S15E00 - - - - NOAA 8603
Event 19: 11 July 1999
Type Il 13:23 - 13:26 I - - 220-110 0.004 1213 - Harmonic
13:18
Ass. Bursts  13:12 - 13:26 Il - - 300-110 - - - GG
CME 12:24 - - - - 236 - - 389 -255 -
13:54 085
SXR 13:14 13:19 1325 C2.2 2Ax10° - - - - NOAA 8626
He (RAMY) 13:10 13:19 13:30 SF - S20W51 - - - - NOAA 8626
Event 20: 13July 1999
Type IV 05:57 - 05:59 IV - - 250-600 - - - Pulsations
Type Il 06:02:30 - 06:05 I - - 160-110 0.0023 706 - Harmonic
05:51
Ass. Bursts  05:57 - 05:59 1l - - 350-140 - - - GG, U
SXR 05:22 05:46 06:09 C2.9 .&6x10° - - - - -
Ha (LEAR)  05:59 06:00 06:08 SF - N16E06 — - - - NOAA 8628
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Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
uT Ut uT Flux Range 14  kms! mge
Jm? MHz st
Event 21: 21 July 1999
Type ll 09:13 - 09:16 1l - - 200-110 0.0014 430 - Harmonic
08:57
Ass. Bursts 09:10 - 09:12 1l - - 400-110 - - - GG
CME 09:00 - - - - 133 - - 451 —-69.5 -
10:31 012 -
SXR 09:09 09:13 09:16 B7.4 .@x10* - - - - -
No data Aug. to Sep. 1999 Due to
2-7 Oct. 1999 technical
13-20 Oct. 1999 problems
14-23 Nov. 1999
Event 22: 16 Dec. 1999
Type Il 07:40 - 07:46 1l - - 150-110 0.0021 645 - Harmonic
07:27
Ass. Bursts  07:35 - 07:38 1l - - 430-200 - - - GG, J, ARC
SXR 07:20 07:24 07:29 C2.4 .1x10°% — - - - NOAA 8798
Hae (LEAR) 07:23 07:23 07:34 SF - S13E46 - - - - NOAA 8798
No data 1-25 Jan. 2000 Due to
technical
problems
Event23: 08 Feb. 2000
Type IV 08:55:30 - 09:04 IV - - 110-500 - - - Pulsations
NOAA 8858
Type ll 08:51 - 09:02 1l - - 200-1%0 0.0012 806 - Harmonic
08:33 NOAA 8858
Ass. Bursts  08:48 - 08:53 I - - 440-120 - - - GG
CME 08:51 - - - - Halo — - 1079 -35.5
09:30 -
SXR 08:42 09:00 09:18 M1.3 .8x102 - - - - NOAA 8858
Ha (LEAR) 08:43 08:56 09:59 1B - N25E26 - - - - NOAA 8858
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Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
ut Ut uT Flux Range 14  kms! me
Jm? MHz st
Event 24: 02 Mar. 2000
Type Il 08:27 - 08:30 1] - - 300-110 0.0092 1940 - Harmonic
08:25 NOAA 8882
Ass. Bursts  08:22 - 08:25 1] - - 400-110 - - - GG
CME 07:52 - - - - 231 - - 776 1.0
08:54 062
SXR 08:20 08:28 08:31 X1.1 .Bx102 - - - - NOAA 8882
Ha (LEAR) 08:23 08:25 09:11 2B - S14W52 - - - - NOAA 8882
Event 25: 02 Mar. 2000
Type IV 13:40:45 - 13:44 v - - 130-600 - - - Pulsations
NOAA 8882
Type Il 13:41 - 13:42 1] - - 300-110 0.007 1477 - Harmonic
13:39 NOAA 8882
Ass. Bursts  13:38 - 13:42 1l - - 600-120 - - - GG
CME 12:51 - - - - 235 - - 835 -1.0
13:54 076
SXR 13:06 13:15 13:26 C5.5 .Zx10° - - - - NOAA 8882
SXR 13:35 13:43 13:48 M6.5 .2x10° - - - - NOAA 8882
Ha (RAMY) 13:08 13:08 13:26 SF - S19W60 - - - - NOAA 8882
Ha (RAMY) 13:40 13:41 13:56 SN - S20W58 - - - - NOAA 8882
Event 26: 07 Mar. 2000
Type IV 14:26 - 14:55 v - - 115-400 - - - Pulsations
Type Il 14:26 - 14:27:30 I - - 300-1%x0 0.007 1820 - Harmonic
14:24 NOAA 8891
SXR 14:21 14:30 14:36 C6.3 .3x10° - - - - NOAA 8891
Ha (SVI) 14:23 14:36 14:42 SF - S13W59 - - - - NOAA 8891
Event 27: 19 Mar. 2000
Type Il 11:46 - 11:47 1] - - 170-120 0.0012 375 - Harmonic
11:25 -
CME 11:12 - - - - 235 - - 350 5
12:30 077
SXR 11:03 11:07 11:15 C2.2 4x10° - - - - NOAA 8906
Ha (RAMY) 11:05 11:06 11:10 SF - S20W69 - - - - NOAA 8906
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Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
uT Ut uT Flux Range iS4  kms! mg
Jm? MHz st
Event 28: 24 Mar. 2000
Type Il 07:51 - 07:55 1l - - 200-1x0 0.0017 520 - Harmonic
07:38 NOAA 8910
SXR 07:41 07:52 07:59 X1.8 .Ax10! - - - - NOAA 8910
Ha (LEAR)  07:45 07:57 08:45 2B - N16W82 - - - - NOAA 8910
Event 29: 27 Mar. 2000
Type Il 06:46 - 06:54 I - - 350-13%0 0.0016 416 - Harmonic
06:38 -
Ass. Bursts  06:42 - 06:46 1l - - 180-120 - - - G
07:03 - 07:05 1l - - 350-120 - - - G
SXR 06:37 06:54 07:14 C2.3 .4x10° - - - - -
Event 30: 12 Apr. 2000
Type ll 06:32 - 06:35 1l - - 190-1%0 0.0024 737 — Harmonic
06:22 -
Ass. Bursts  06:24 - 06:28 1l - - 550-1120 - - - GG
SXR 06:22 06:30 06:33 C2.1 .Ax10° - - - - NOAA 8948
He (LEAR)  06:24 06:31 06:43 SN - S19w28 - - - - NOAA 8948
Event 31: 15 Apr. 2000
Type IV 09:35 - 10:40 IV - - 150-350 - - - Pulsations
and some
Fibers
NOAA 8955
Type Il 10:21 — 10:27 I - - 9040 - - - from AIP
Ass. Bursts  09:35 - 09:37 1 - - 600-120 - - - G
CME 09:48 - - - - 140 - - 716 -19.5
10:36 042
SXR 09:34 09:40 09:46 Cl.1 .Ox10* - - - -
SXR 10:09 10:18 10:22 M4.3 3x102 - - - - NOAA 8955
Ha (RAMY) 10:25 10:30 10:30 SF - S22E29 - - - - NOAA 8955
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Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
uT Ut uT Flux Range 14 kmst /g
Jm?? MHz st
Event 32: 30 Apr. 2000
Type IV 07:59 - 08:30 v - - 200-698 — - - Pulsations
Type Il 07:58 - 08:02 ] - - 110-258 0.00144 442 - Harmonic
07:46
Ass. Bursts  07:55 - 07:57 1] - - 270-120 - - - G
CME 07:49 - - - - 186 - - 540 7.5
08:54 104
SXR 07:53 08:08 08:31 C7.7 Ax10? - - - - NOAA 8976
Ha (LEAR) 07:55 08:00 09:16 IN - S11wi18 - - - - NOAA 8976
Event 33: 02 May 2000
Type Il 14:48 - 14:53 Il - - 350-125 0.005 1300 - NOAA 8971
14:45
Ass. Bursts  14:44 - 14:48:30 1l - - 500-130 - - - GG
CME 14:30 - - - - 293 - - 1278 —44.5
15:06 040
SXR 14:42 14:51 14:56 M2.8 4x102 — - - - NOAA 8971
Ha (HOL) 14:45 14:46 15:05 IN - N22W68 — - - - NOAA 8971
Event 34: 07 Jul. 2000
Type IV 11:30 - 11:55 \ - - 200-500 - - - Pulsations
NOAA 9070
Type Il 11:23 - 13:18 Il - - 70-20 - - - Naag
SXR 08:42 09:21 10:11 C5.6 .Mx102 — - - - NOAA 9070
Ha (SVI) 09:08 09:18 09:59 SF - N17E10 - - - - NOAA 9070
Event 35: 11 Jul. 2000
Type IV 12:36 - 15:20 \ - - 110698 - - - Pulsations
NOAA 9077
Type Il 12:46 - 13:53 I - - 70-20 - - - Ngang
CME 13:27 - - - - Halo - - 1078 -43.0
13:27:20 -
SXR 12:12 13:10 13:35 X1.0 .Bx10! - - - - NOAA 9077
Ha (HOL) 13:20 13:23 18:37 2N - N18E27 - - - - NOAA 9077
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Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
uT Ut uT Flux Range 14  kms! mge
Jm? MHz st

Event 36: 14 Jul. 2000

Type |l 10:.09 - 10:26 1l — - 300-110 0.0055 1430 - Harmonic
10:06 NOAA 9077
Type IV 10:27 - 10:41 IV - - 150-698 - - -
(phase 1)
(phase 2) 10:38 - 11:26 IV - - 150-698 — - - Pulsations
Fibers
NOAA 9077
Ass. Bursts  10:00 - 10:31 1l - - 440-120 - - - GG
CME 10:18 - - - - Halo - - 1674 -96.0
10:54 —
SXR 10:03 10:24 10:43 X57 3x10! - - - - NOAA 9077
Ha (RAMY) 10:53 11:02 13:30 2B - N17E01 - - - - NOAA 9077

Event 37: 14 Jul. 2000

Type IV 12:49 - 13:15 IV - - 110-698 - - - Pulsations

(phase 1)

(phase 2) 13:48 - 13:57 IV - - 130-320 - - - Pulsations
NOAA 9085

Ass. Bursts  13:48 - 13:51 1l - - 440-120 - - - G

He (RAMY) 13:00 13:00 13:37 SF - N12E50 - - - - NOAA 9085

Event 38: 15 Jul. 2000

Type Il 14:32 - 14:38 |l - - 200-110 0.0021 652 - F-H
14:21
Ass. Bursts  14:32 - 14:36 |l - — 250-120 - - - GG

He (RAMY) 14:32  14:37 14:44 SF - S09w18 — - - - NOAA 9082
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Table A.1. continued.

Observation  Start Peak End Class Integ Location Freq Drift Vel Accel Remarks
uT Ut uT Flux Range 14 kms?t myg
Jm? MHz st

Event 39: 19 Sep. 2000

Type Il 08:14 - 08:21 1l - - 270-115 0.0019 494 - Harmonic
08:05 NOAA 9165
Type IV 08:15 - 08:40 IV - - 150-698 - - - Pulsations
NOAA 9165
Ass. Bursts  08:12 - 08:14 1l - - 400-150 - - - G,U
CME 07:53 - - - - 283 - - 766 10.5
08:50 076
SXR 08:06 08:26 08:42 M5.1 .Ix10? - - - - NOAA 9165
Ha (LEAR)  08:09 08:12 09:30 1N - N14wW46 - - - - NOAA 9165

Event 40: 18 Nov. 2000

Type Il 13:11 — 13:14 1l — - 300-110 0.0023 598 - Harmonic
13:04 NOAA 9235
Type IV 13:08 - 13:42 IV - - 116 -698 — - - Pulsations
NOAA 9235
CME 13:21:36 - - - - 074 - - 553 16
13:54 120
SXR 13:02 13:25 1350 M1.5 .Bx102% -— - - - NOAA 9235

He (RAMY) 13:06 13:15 14:19 1F - N11E37 - - - - NOAA 9235




