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Abstract. The vast majority of solar flares are not associated with metric Type Il radio bursts.
For example, for the period February 1980—July 1982, corresponding to the first two and one-half
years of the Solar Maximum Mission, 95% of the2500 flares with peak- 25 keV count rates

> 100 ¢ s'1 lacked associated Type Il emission. Even thg60 largest flares, i.e., those having

> 25 keV peak count rates 1000 ¢ s'1, had a Type Il association rate of only 24%. The lack of a
close correlation between flare size and Type Il occurrence implies the need for a ‘special condition’
that distinguishes flares that are accompanied by metric Type Il radio bursts from those of comparable
size that are not. The leading candidates for this special condition are: (1) an unusually low Alfvén
speed in the flaring region; and (2) fast material motion. We present evidence based on SMM and
GOES X-ray data an8olwindcoronagraph data that argues against the first of these hypotheses and
supports the second. Type Il bursts linked to flares withinh &xhe solar limb are well associated
(64%; 49/76) with fast£ 400 km s°1) coronal mass ejections (CMEs); for Type Il flares withirt 15

of the limb, the association rate is 79% (30/38). An examination of the characteristics of ‘non-CME’
flares associated with Type lls does not support the flare-initiated blast wave picture that has been
proposed for these events and suggests instead that CMEs may have escaped detection. While the
degree of Type IlI-CME association increases with flare size, there are notable cases of small Type Il
flares whose outstanding attribute is a fast CME. Thus we argue that metric Type Il bursts (as well as
the Moreton waves and kilometric Type Il bursts that may accompany them) have their root cause in
fast coronal mass ejections.

1. Introduction

One of the long-standing controversies of solar and solar-terrestrial physics
involves the origin of the shock waves in the solar corona that manifest themselves
as Type Il radio bursts. In spectrograph records, Type Il bursts appear as bands of
emission in the metric range that drift to lower frequencies at rates
~0.1-1 MHz s with characteristic durations 10 min (e.g., Kundu, 1965). The
Type Il emission is attributed to shock-accelerated electrons that excite plasma
waves that convert into escaping radio waves. At various times during the past
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fifty years, Type ll-associated shock waves have been attributed either to solar
flares or to coronal mass ejections (CMES), or to some combination of the two
phenomena. At present, the picture that all Type Il bursts are flare-initiated blast
waves appears to be gaining ascendancy (e.g., Cane, 1997; Gopalstvahmy
1998). The question of the source of coronal (metric Type Il) shocks is tied to
the question of the origin of the interplanetary (kilometric Type II) shocks that
signal the onset of sporadic geomagnetic storms. It is now generally accepted that
interplanetary shocks are CME-driven (Sheedtyal, 1985; Cane, Sheeley, and
Howard 1987; Gosling, 1993) and thus may have an origin separate from coronal
shocks.

In this study of the origins of metric Type Il bursts, we review the evolution of
thinking that has led to our current understanding. We take this approach because
it highlights an old lesson, now apparently forgotten, that constitutes a difficulty
we have with the current view that CMEs are extraneous to coronal shocks. Our
case, which we develop below, may be summarized as follows: (1) While there
is a clear tendency for the rate of Type Il association to increase with flare size
(as measured by ddarea, hard or soft X-ray peak intensity, etc.), only a small
fraction of flares at every size range, except the very largest, is associated with
Type Il bursts. Many Type lls arise in relatively small flares (e.g., Dodge, 1975).
Thus some rare or special condition is required for Type Il formation (Roberts,
1959). (2) Special conditions which have been suggested to date include: (a) the
presence of high velocity ejecta (Giovanelli and Roberts, 1958); (b) a CME (den-
sity enhancement) which is overtaken by a blast wave (Wagner and MacQueen,
1983); (c) special ambient conditions in the flaring region, such as low Alfvén
speed (Uchida, 1974a, b; Kahlet al, 1984b); and (d) a short-lived flare spray
(Gopalswamyet al, 1998). The first of these is essentially the view we favor and
two of the other three (b and d) also require or suggest the presence of a CME.
Suggestion (c) is based primarily on the poor correlation between flare size and
Type Il occurrence; we will present evidence against the low Alfvén speed hypoth-
esis below. (3) A reasonably good association§5—80%) does exist between
metric Type Il bursts and fast-( 400 km s') CMEs. In fact, Type lIs are rarely
associated with slower CMEs, despite the fact that the median speed of all CMEs
is ~ 300 km st (Howardet al., 1985; Hundhausen, Burkepile, and St. Cyr, 1994).

It is difficult to see why this should be the case if CMEs were immaterial to Type I
formation. Thus we believe that a fast CME is the special condition required for
coronal — as well as for interplanetary — shock formation. Our conclusion also has
implications for the coronal waves (Thompsenal., 1998a) recently discovered

by the Extreme ultraviolet Imaging Telescope (EIT; Delaboudingiral., 1995)

on the joint ESA/NASA Solar and Heliospheric Observatory (SOHO). Such waves
are thought to be the coronal counterpart of chromospheric Moreton waves that in
turn have been linked to metric Type Il bursts (Moreton, 1964; Uchida, 1968, 1973,
1974b; Smith and Harvey, 1971; Harvey, Martin, and Riddle, 1974).
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Our historical review is given in Section 2. In Section 3, we compare Type Il
bursts and hard X-ray bursts over the interval from February 1980 to July 1982,
corresponding to the first two and one-half years of the Solar Maximum Mission,
in order to demonstrate the lack of a tight correlation between flare size and Type Il
occurrence and to highlight the need for a special circumstance for Type Il forma-
tion. We then examine the relationship between Type Il bursts and CMEs for the
1979-1985 period covered by t®lwindcoronagraph (Sheelest al., 1980) to
show that a fast CME is likely the essential ingredient for a slow-drift burst to
occur. Our results are summarized and discussed in Section 4.

2. Historical Development: 1947 —Present

Solar radio bursts which drift slowly through the metric range from high to low
frequencies at rates 0.5 MHz s™* were discovered by Payne-Scott, Yabsley, and
Bolton (1947) over fifty years ago. The similarity between the characteristic exciter
speed { 500 km s1) of Type Il bursts (as they came to be called) through the
corona and the speeds of eruptive prominence material (hundreds of*kians!

the disturbances responsible for terrestrial aurorae (1600 kym&s noted in the
discovery paper. Thus for half a century the link between solar eruptions, metric
Type Il bursts, and geomagnetic storms has been more-or-less tacitly accepted by
solar-terrestrial physicists (cf., Wild and McReady, 1950). The idea that Type lIs
are related to solar flares can also be traced to these early studies. For example,
Wild, Roberts, and Murray (1954) noted that time-height plots of Type Il (fast-
drift) and Type Il bursts could be traced back to a common origin in the low corona.
They suggested that both aspects (Type Il and Type Il) of the compound burst
might have originated in an ‘explosion’ which might also cause the flare. The close
timing between flare onset or maximum and Type Il onset would be demonstrated
statistically in several subsequent studies (e.g., Maxwell and Thompson, 1962;
Svestka and Fritzova-Svestkova, 1974; Dodge, 1975).

Early support for a material driver for Type Il bursts was provided by Dodson,
Hedeman, and Chamberlain (1953) who, on the basis of comparative studies of
flares and 200 MHz bursts, suggested that metric ‘outbursts’ (of unknown spectral
type) were more likely to be linked to high-velocity ejections than to solar flares.
Subsequently, Giovanelli and Roberts (1958, 1959) on the basis of an investigation
of flares associated with Type Il bursts, concluded that ‘the ejections seem in H
could well be the exciting agency responsible for Type Il bursts’ and suggested that
‘Type |l bursts accompany only supersonic ejections’. Swarup, Stone, and Maxwell
(1960), however, found a low degree of association between eruptive limb phenom-
ena and Type |l bursts and surmised that it resulted from an unfavorable viewing
geometry for the radio waves. They also pointed out that most eruptive phenomena
had velocities well below the-1000 km s inferred for Type Il bursts.
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Uchida (1960) attributed Type Il bursts to hydromagnetic shocks (cf., Wild,
Roberts, and Murray, 1954; Westfold, 1957) and cited the work of Giovanelli and
Roberts to suggest that the initial disturbance responsible for such shocks might
be the ‘flare surge’ phenomenon. Uchida calculated the duration of the Type II
emission to be~5 min, in general agreement with observations. Note that this
idea of a short-lived shock propelled by a surge — a type of solar eruption in
which material returns to the Sun after its initial outward motion — is an important
conceptual departure from earlier ideas that the Type Il disturbance was linked to
‘auroral particles’ that propagated all the way to the Earth.

Parker's (1961) paper entitled ‘Sudden expansion of the corona following a
large solar flare and the attendant magnetic field and cosmic-ray effects’ is an-
other work from this period which had long-lasting implications. Here we see a
cornerstone of the viewpoint later described and discounted by Gosling (1993)
as the ‘solar flare myth'. Parker argued that the sudden heating of the corona
after a solar flare would create a hydrodynamic blast wave which would serve as
the accelerating mechanism for the plasma clouds subsequently made manifest at
Earth through geomagnetic storms and Forbush decreases. Although Parker did not
explicitly mention Type Il bursts, his paper represents an important turning point
in the view of the relationship between flares, mass ejecta, and slow-drift bursts.
The flare was of primary importance — it produced the shock and the mass ejection
was a secondary effect, albeit one with important geophysical consequences.

Roberts (1959) provided an early review and comprehensive investigation of
Type Il bursts which pointed out a persistent problem that is the point of departure
of the present paper — the lack of close correlation between flare size and Type I
occurrence. Such a lack of correlation runs counter to the flare-initiated blast wave
hypothesis under which we would expect Type Il bursts to be associated mainly
with large flares. In a study covering the period from January 1955 to March 1958,
Roberts found that while upwards of 80% of all Type Il bursts were associated with
flares (cf., Swarup, Stone, and Maxwell, 1960), only 3% of flares of importance
> 1 were associated with Type Il bursts. He noted that the percentage of association
increased te-30% for class 3 flares and concluded: ‘Evidently some rare condition
must be satisfied before a flare is accompanied by a Type Il burst. Since many
flares are accompanied by visible ejections, we may conclude that the presence of
an ejected stream is not a sufficient criterion for the occurrence of a Type Il burst.
If only those ejections with supersonic speeds are effective (seBiovanelli and
Roberts (1958)), the numerical agreement would probably be better’.

This then was the situation ca. 1960. Type lls were linked to flares because of
the high degree of association of the two phenomena and also because of their tight
timing relationship — Type Il bursts generally begin within 5—10 min of ft&re
onset (e.g., Roberts, 1959; Maxwell and Thompson, 1962) — but it was recognized
that some special circumstance beyond a flare was required for Type Il formation,
and that special condition was generally thought to be fast material motion.
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The next key advance in understanding came with Uchida’s seminal work
(Uchida, 1968, 1973, 1974a, b; cf., Anderson, 1966; Meyer, 1968) linking Type I
bursts to the fast optical disturbances emanating outward from flares that were
discovered by Moreton and Ramsey (1960) (cf., Moreton, 1960; Athay and More-
ton, 1961) and subsequently came to be known as Moreton waves. The ‘Solar
Flares’ book by Smith and Smith (1963) does not draw a connection between
Type |l bursts and Moreton waves. In his ‘Solar Radio Astronomy’ monograph,
Kundu (1965) cautiously comments, ‘It should be remarked that high-resolution
Ha cinematography of Athay and Moreton (1961) has revealed the existence of
disturbances, believed to be plasma clouds moving out from the flare region with
(tangential) velocities of about 1000 to 2500 kn ghat is, of the order of Type II
velocities’. Uchida modeled the Moreton wave (previously thought to represent
material motion (Athay and Moreton, 1961)) as the ‘sweeping skirt’ of a flare-
induced hydromagnetic shock wave that expands upward into the corona. The skirt
of the wavefront surface sweeps over the chromosphere much faster than the fast-
mode speed of the chromosphere. Uchida, Altschuler, and Newkirk (1973) drew
attention to the directional properties of Moreton waves, specifically, their tendency
to propagate over a limited cone of azimuth away from a flare. They showed for
two specific cases that such motions were consistent with the refraction of a weak
blast-type MHD fast-mode shock toward pre-existing low-Alfvén speed regions in
the corona. (See Bruzek, 1974, however.) Subsequently, Uchida (1973, 1974a, b)
successfully extended this positional analysis to Type Il bursts (cf., Kai, 1969) and
thus proposed a unified explanation of Type Il bursts and Moreton waves. Sections
from the conclusion of Uchida’s (1974b) paper are worth quoting verbatim because
they mark the first clear exposition (to our knowledge) of the current two-shock
picture, i.e., separate coronal and interplanetary shocks:

“We have assumed . that our MHD disturbance is a weak blast-type fast-mode
shock caused by an explosion which takes place at the beginning of a flare (cf.,
Smith and Harvey, 1971). That the shock is a weak blast type may be a reasonable
assumption since the velocity of the mass motion involved in the explosive phase
is less than a few hundred kilometers per second and apparently quite sub-Alfvénic
if we remember the typical Alfvén speed in the corona around active regions is of
the order of several to few tens of thousand kilometers per second. The expanding
mass flow in the explosion, therefore, lags far behind the quickly propagating weak
MHD fast-mode wavefront sometimes after the start of the explosion. The slower
mass flow in the explosion can not continue to play the role of the piston gas, and
an isolated weak blast is propagated. In our hypothesis we therefore regard the
systematic mass ejection processes from a flare such as surges and sprays (Roy,
1974) as the escaping mass flow from the exploding region, whose MHD effect
has already gone far isotropically in the form of weak blast which causes Type I
bursts and/or Moreton waves at some particular locations.”

“These escaping masses, on the other hand, gradually gain higher Alfvén-Mach
number mainly due to the decrease in Alfvén velocity in the surrounding medium
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when they reach the outer corona, and they may begin to produce a second bow-
shock type disturbance (Kawabata, 1966), and may, in some cases, blow off the
material in the high corona (Hansehal, 1971). So-called interplanetary shock
observed near the Earth (Hundhausen, 1972; Dryer, 1974) may be an extension of
this kind followed by a large amount of piston gas.”

Uchida goes on to say, however, that he is inclined to view the (then) recently
discovered interplanetary Type Il bursts (Fainberg and Stone, 1970; Malitson,
Fainberg, and Stone, 1973) as extensions of the Type lI-Moreton wave (i.e., blast
wave) phenomenon rather than as piston-driven shocks.

Uchida (1973) noted the ‘mysterious preference’ for only certain flares to have
associated Moreton waves, ‘even a powerful flare does not necessarily produce
Moreton waves, while sometimes a subflare may produce them’ (cf., Smith, 1968;
Smith and Harvey, 1971). The appearance or non-appearance of Moreton waves
was attributed to the variation of the ambient Alfvén speed. The same reasoning
accounted for the low degree of association of Type Il bursts with flares. From
Uchida (1974a),.".. the chance of association of Type Il bursts with a flare de-
pends on such circumstantial situations as the existence of the low Alfvén velocity
region within the reach of the wave. It is, thus, understandable that some large
flares are not accompanied by a Type Il burst while much smaller flares may be
accompanied by one. The probability of the association may increase with the flare
importance because a more complex structure of the magnetic field and density is
associated for the occurrence of a large flare’.

Uchida’s several papers in the early 1970s that united Type Il bursts and More-
ton waves with a theoretical and observational underpinning gained acceptance for
the blast wave (vs. piston) picture (e.g., Svestka, 1976; Lin and Hudson, 1976; Ko-
sugi, 1976). The mid-1970s, however, represents the high point of the initial epoch
in which coronal Type Il shocks were thought to be flare-initiated blast waves.
As noted in the introduction, this viewpoint is coming into vogue again today;
however, for a brief period centered roughly on 1980, the picture of piston-driven
Type Il shocks had strong support.

Such a view was undoubtedly influenced ibysitu solar wind observations
which revealed plasma clouds with enhanced helium abundances following inter-
planetary shocks (Hirshbegg al,, 1970; Hundhausen, 1972) indicating that shocks
at 1 AU were piston-driven. Subsequently, Stewadral. (1974a, b) studied two
events on 11 January 1973 in which CMEs observed by the NRL coronagraph on
0OSO-7 apparently drove Type Il bursts that were imaged by the Culgoora radiohe-
liograph. Moreover, statistical evidence presented by Goslirad. (1976) showed
that metric Type Il bursts were highly associated with fast coronal mass ejections,
i.e., having speeds 400 km s!. Thus it appeared that Giovanelli and Roberts’
conjecture (1958) that the special condition required for Type Il emission was a
high-speed ejection was correct.

This picture did not go unchallenged for long, however. At a STIP Symposium
in 1982, Gergely (1984) reported that the average speed of metric Type Il bursts
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was nearly twice as high as that of coronal transients (CMES), raising doubts about
their causal relationship. In the same year, Maxwell and Dryer (1982) and Kahler
(1982b) suggested that there might be two kinds of coronal Type Il bursts — those
driven by a CME and those that were flare-induced. Kahler based his argument
on the observation that a large fraction of Type Il bursts associated with well-
connected (western-hemisphere) flares was not followed by solar energetic particle
events, contrary to expectations.

Cane (1983) suggested a slightly different type of two-shock scenario — in-
dependent coronal (flare-blast) and interplanetary (CME-driven) shocks — similar
to Uchida’s (1974b) conjecture, based on mismatches in time-height profiles of
Type Il bursts between the metric and kilometric range. A positional study by
Gary et al. (1984) of an event on 29 June 1980 showed that the metric Type |
emission lagged behind the leading edge of the CME, inconsistent with the bow
shock picture. A similar result was reported by Gergetlyal. (1984) for an event
on 9 April 1980. A subsequent study by Robinson and Stewart (1985) showed
that Type Il emission was located radially behind the CME leading edge in 7 of
22 events for which they compared radio and coronagraph data. To reconcile the
Garyet al. (1984) observation and the high degree of association of Type Il bursts
and CMEs, Wagner and MacQueen (1983) (cf., Cane, 1984) proposed a hybrid
picture in which a blast wave from a flare gave rise to metric Type Il emission
when it overtook the high density region of a preceding CME.

About this time the statistical association between fast CMEs and Type Il bursts
also began to break down. Sheekdyal. (1984) found that a significant fraction,
perhaps as high as one-third, of Type Il bursts lacked associated CMEs. Sub-
sequently, Kahleet al. (1984b) showed that- 40% of Type lls within 60 of
the solar limb lacked CMEs. Moreover, Sheelyal. (1984) and Kahleet al.
(1985) found that approximately one-third of fast500 km s!) CMEs lacked
metric Type Il bursts. This unraveling of the presumed tight statistical relationship
between CMEs and metric Type lIs lent support to Cane’s (1983) picture of inde-
pendent flare-induced coronal shocks and driven interplanetary shocks. Evidence
that the interplanetary shocks were, in fact, piston-driven was provided by compar-
isons ofSolwindCMEs with shocks at Helios (Sheeleyal.,, 1985) and kilometric
Type Il bursts (Cane, Sheeley, and Howard, 1987). Robiesa@h (1986) looked
for and found differences in the emission characteristics of coronal Type Il bursts
with and without associated CMEs. For example, Type |l bursts associated with
CMEs tended to be more complex and had lower starting and ending frequencies
than non-CME Type lIs. Somewhat surprisingly, however, Kabteal. (1984b)
found that the impulsive phases of Type Il flares that lacked CME association
could be relatively small (as measured by microwave burst peak flux densities),
calling the blast wave picture into question. Following Uchida (1974a, b), Kahler
et al. (1984b) suggested that ‘very special ambient conditions, such as low Alfvén
speed, might be required for shock generation’ in the events that lacked both CMEs
and strong impulsive phases.
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In sum, the situation ca. 1985 regarding Type lls, flares, and CMEs was compli-
cated and uncertain. While it was generally accepted that all interplanetary shocks
were CME-driven, there was little consensus on coronal shocks. Each of the fol-
lowing scenarios remained in play: (1) all metric Type Il shocks were CME-driven
(rapidly falling from favor); (2) all coronal shocks were flare-initiated blast waves;
(3) Type Il shocks resulted when flare-initiated blast waves overtook CMEs; and
(4) Type Il shocks were some mixture of blast and driven waves. To judge which,
if any, of these viewpoints was most widely accepted, we refer to contemporary
reviews by Steinolfson (1985), Bougeret (1985), and Nelson and Melrose (1985).
Steinolfson discussed the Wagner and MacQueen (1983) model but suggested an
alternative picture based on the work of Holman and Pesses (1983) and Steinolfson
(1984) that explained the discrepancy between the positions of the transient leading
edge and Type Il emission in terms of a driven shock and the shock-drift theory
of electron acceleration. Bougeret (1985) summed up the puzzling effect of the
new observational results, ‘The white-light coronagraph and IPS [interplanetary
scintillation] observations of CMEs provide a direct monitoring of mass ejecta, but
the relation to both their solar source and MHD or shock waves is still unclear
Allwe can say is that several analyses (Sheetey.,, 1984, 1985; Gargt al., 1984;
Robinson, Stewart, and Cane, 1984; Kaldeal., 1984a, b, 1985) are suggesting
both blast and piston-driven Type |l generation in the corona and interplanetary
medium’. In Chapter 13 dbolar Radiophysigghe summation of the results of the
Australian school of solar radio astronomers, Nelson and Melrose (1985) addressed
the ‘blast wave or driven shock wave’ question directly, and concluded: ‘It is quite
likely that [metric] Type Il bursts are produced at different times by both piston-
driven shocks and by blast waves’. Thus ended a phase of intensive study on the
origins of metric Type Il bursts. The complexity and uncertainty which attended
this question during the early and mid-1980s has since evolved toward a simpler
picture, a dichotomy between flare-initiated Type Il bursts (coronal shocks) and
piston-driven interplanetary shocks.

The revived notion that all Type Il bursts were flare-induced blast waves was
first expressed by Cane and Reames (1988). In support of their suggestion, they
cited Roberts (1959) on the high association of flares and Type Il bursts and the
tight timing relationship between these phenomena. More recently, Gopalswamy
and Kundu (1992, 1995a, b) in a series of papers culminating in Gopalseftzahy
(1998) have argued that all Type Il shocks are caused by flares. They cite several
lines of evidence that we will discuss in Section 4. We believe that their conclusion
is, at best, premature because it ignores the poor correlation between flare size
and Type Il occurrence that forced earlier investigators to accept the need for a
special condition for Type Il formation. Appreciation for this early finding seems
to have been lost. Relatively few papers in recent decades (e.g., Uchida, 1974a;
Dodge, 1975; Kahler, 1984b) addressed the problem, even in passing. Today the
implication of this result — that something rare or unusual is needed for Type Il
occurrence — appears to have been largely forgotten. In the following section we
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Figure 1.Histogram of HXRBS peak counting rates for flares observed between February 1980 and
July 1982. The numbers and percentages of events in each bin that were associated with metric
Type Il bursts are indicated.

will demonstrate the weak correlation between Type Il occurrence and flare size
(in hard X-rays) and present statistical evidence that fast CMEs are the necessary
circumstance required for Type Il emission.

3. Analysis

3.1. TYyPEIl BURSTS AND HARD X-RAY FLARES

To show the lack of correspondence between flare size and the occurrence of a
Type Il burst, we used flare 25 keV peak flux data (Dennet al,, 1991) obtained

by the Hard X-Ray Burst Spectrometer (HXRBS; Orwig, Frost, and Dennis, 1980)
for the first two and one-half years (February 1980—July 1982) of the Solar Maxi-
mum Mission. We compared flare associated hard X-ray bursts with metric Type Il
bursts observed by the three standard stations at the time (Culgoora, Weissenau,
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and Ft. Davis (Harvard)). We only considered hard X-ray bursts when at least
one of these three stations was on patrol. To further ensure the validity of Type Il
reports, we eliminated events classified as ‘weak’, ‘possible’ Type lls reported by
Culgoora, Type lIs only observed in the decimetric band, or events having durations
<3 min. Our Type Il — hard X-ray burst association procedure was similar to that
of Pearsoret al. (1989). We only considered those hard X-ray events for which
the peak of the event was observed and determined if it was by comparison with
microwave data reported iBolar-Geophysical DatalThe peak hard X-ray count

rate is taken to be a measure of the impulsive phase energy release during a flare
because-20 keV electrons are thought to contain a significant fraction of the flare
energy budget (e.g., Lin and Hudson, 1976). We constructed the histogram of peak
>25 keV counting ratesx{100 ¢ s?) in Figure 1 where we have indicated the
fraction of events associated with Type Il bursts by cross-hatching. It can be seen
that while the percentage association of Type Il bursts increases with the peak
size of the hard X-ray burst (from 2% to 17% to 41% to 100% for successive
decade sizes in Figure 1), the great majority (95%; 2397/2511) of the hard X-
ray bursts lacked Type Il association. Even largd@00 c st) hard X-ray bursts

were accompanied by Type lIs only 21% (69/321) of the time. If we include all
>1000 ¢ s* X-ray bursts for which the peak may have been missed (such events
tend to be larger and thus have a higher degree of association with Type Il bursts)
and count all ‘marginal’ Type lls, i.e., short, weak, possible, and decimetric events,
or Type Il bursts reported by any observatory, as legitimate Type lls, then the
percentage association of Type Il bursts with these large hard X-ray flares increases
to 24% (87/358).

The 114 Type Il bursts from Figure 1 account for 36% (114/318) of all Type Il
bursts meeting our selection criteria that were observed during the two and a half
year interval we considered. For an additional 30 Type Il bursts, HXRBS was
observing the Sun and recorded either no event or an event with a peak counting
rate <100 c s1. Thus the overall HXRBS duty cycle for Type Il flares during this
interval was~ 45% (144/318), somewhat lower than the50% HXRBS time
coverage available for the entire 1980-1989 SMM lifetime.

There is some debate in the literature as to whether Type Il bursts are a big
(e.g., Wild and Smerd, 1972) or a small (Dodge, 1975) flare phenomenon. Dodge
(1975) reported that 40% of Type |l bursts originated in optical subflares while
another 40% are associated with class 1 flares. Thus, Type Il bursts are linked to
small optical flares At the same time, Type ll-associated flares tend to have strong
impulsive phase emissions; 60% of the Type Il bursts in Figure 1 are associated
with hard X-ray flares with peak count rateg000 c¢ s. In sum, Type Il flares
tend to be spatially small but intense events (cf., Cane and Reames, 1988). As

* Flares associated with metric Type Il bursts tend to be somewhat larger as a group than flares in
general. As reported by Dodge (1975), 97% of all flares<aptass 1 vs 80% for Type ll-associated
flares. Also Pearsoat al. (1989) showed that the size distribution of hard X-ray bursts associated
with Type Il bursts is flatter than that of all X-ray bursts.
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can be seen in Figure 1, Type Il burst associations exist across the range of peak
>25 keV intensities we considered, forcing the question: what distinguishes the
hard X-ray flares of a given peak intensity that are associated with Type Il bursts
from the majority of flares of equal intensity (for all except the highest bins) that
are not? For example, only 6% (28/497) of the events in the second smallest bin
in the histogram in Figure 1 were associated with Type Il bursts. These 28 Type II
bursts represent 25% of the 114 events in all bins. All but three of the 28 Type II
bursts were associated with reported ftares, so the relatively low peak hard X-

ray count rates cannot be due to occultation effects. There seems no escaping the
fact that some special condition or circumstance as first posited by Roberts (1959)
(cf., Dodson, Hedeman, and Chamberlain, 1953) is required for the formation of a
Type |l burst.

3.2. SPECIAL CONDITION FOR TYPEIl FORMATION: LOW ALFVEN SPEED IN
THE FLARING REGION

One such special condition which has been invoked for the presence of a metric
Type |l burst is a low Alfvén speed in the flaring region (Uchetaal,, 1974a, b;
Kahleret al,, 1984b). While (to our knowledge) no systematic study has ever been
undertaken of density and field strengths of regions which do, and do not, produce
Type |l bursts, there are observations of repeated flares from an active region —
some with and some without associated Type Il bursts — that make the variable
Alfvén speed hypothesis problematic as the special condition required for Type Il
emission. Figure 2 contains the SMS-GOES soft X-ray plot for 10—-13 August
1981 during which time Hale Plage Region 17777 dominated solar activity. We
have indicated the occurrence of Type Il bursts during this period. For each flare
with GOES soft X-ray clasg M3, the flare longitude and- 9 GHz peak flux
density are given. The- 9 GHz peak flux density is a measure of the size of the
flare impulsive phase and is used in lieu of the peak hard X-ray flux because of
their close correlation (Kundu, 1961; Arnoldyal., 1968) and because microwave
coverage of the Sun is essentially continuous throughout the UT day. Within region
17777 during 10—13 August, large flares originated in two distinct locations sepa-
rated by~ 10 in longitude. In Figure 2, flares from these two locations are labeled
‘A and ‘B’, respectively. For the A sequence, we note that the flare on the 10th,
that lacked a Type Il burst, was comparable in size to the flare near 02:00 UT on
the 11th that was accompanied by Type Il emission. The third flare in the sequence
at~ 15:00 UT on the 11th was significantly smaller than either of the earlier flares
(in terms of microwave but not soft X-ray emission) and no Type Il burst was
observed. The first two flares in the B sequence had Type Il emission. The second
of these flares;- 06:30 UT on the 12th, was an intense (X2) soft X-ray event with a
peak~ 9 GHz flux density of~ 1000 s.f.u. However, the earlier Type ll-associated
flare, at~ 08:00 UT on the 11th, was comparable to the last three M-class flares in
the B sequence, none of which were accompanied by Type Il bursts. Clearly some
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Figure 2.GOES soft X-ray plots for 10—13 August 1981. The flare longitude~-a®dsHz peak flux
are given for all flares with 1—8 A class M3. The ‘A and ‘B’ descriptors denote flares from two
separate locations within Hale Plage Region 17777.

special circumstance, more or less independent of flare size, is required for Type Il
formation. If that special condition is a low Alfvén speed in the region within reach
of a flare-generated wave, then it appears from Figure 2 that the ambient Alfvén
speed can change fairly rapidhy (L day) from favorable to unfavorable conditions
or vice versa.

Another example illustrating this assumed effect is given in Figure 3 which
contains soft X-ray plots for 8—11 September 1981. In Figure 3, we have labeled all
M-class flares from Hale Plage Region 17830 that was active during this interval.
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Figure 3. GOES soft X-ray plot for 8—11 September 1981. The flare longitude~gh&Hz peak
flux are given for all M-class flares from Hale Plage Region 17830.
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As in the above case (Figure 2), we can see that the Type ll-associated flares are
indistinguishable from those without Type Il bursts. The activity from region 10830
implies that the ambient Alfvén speed in a region can change significantly on a
time scale of several hours. Such behavior is difficult to reconcile with the notion —
based on Figure 1 —that the low Alfvén speed required for shock formation is arare
condition. While the possibility that special ambient Alfvén-speed conditions en-
abled certain flares in Figures 2 and 3 to generate Type Il emission cannot be ruled
out, there is no evidence for it either, other than the existence of the Type Il bursts
themselves. We suspect rather that active regions with a proclivity toward shock
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TABLE |
Previous studies of the limbward fraction of Type Il flares associated with CMEs

Coronagraph  Longitude Fraction

bin with CMEs Years Reference
Skylab 46-90 210f 23;91% 1973-1974 Murebal.(1979)
(Includes Type 1Vs)
Skylab 61-90 4 of 5; 80% 1973-1974 Kahleral.(1984b)
Solwind 61-90 34 of 55;62% 1979-1982 Kahkfral.(1984b)
76-90 20 of 23;87% 1979-1982
SMM 76-90 8 of 10; 80% 1980 Sawyer (1985)
SMM 61-90 12 0f 18; 67% 1980 Webb (1986)

generation (Dodge, 1975) are those more likely to produce CMEs. The occurrence
of CMEs indicates a cataclysmic rearrangement of large-scale magnetic fields and
density structures that contrasts with the rather static and localized picture of flares
and active regions that was in place (see Cliver, 1995) when Uchida introduced
the variable Alfvén speed hypothesis as the special condition required for Type Il
formation. In the next section, we present statistical evidence for the Type II/CME
link.

3.3. SPECIAL CONDITION FOR TYPEIl FORMATION: FAST CORONAL MASS
EJECTION

Table | summarizes the results of previous studies on the association between met-
ric Type Il bursts and coronal mass ejections (cf., Sawyer, 1985; Webb and Howard,
1994). The salient features from all of these studies are the increasing degree of
association of Type Il flares with CMEs as one approaches the solar limb and
the high degree of association§0—90%) for flares near the limb. The Thomson
scattered white light from CMEs that is imaged by coronagraphs is most visible in
the plane of the sky (Hundhausen, 1993), making eruptions at the solar limb easier
to detect than those with sources closer to solar central meridian. The most compre-
hensive of the studies referenced in Table | was that of Kadtlat. (1984b); their
investigation was based on NR3olwindcoronagraph data for the solar maximum
period from March 1979 through August 1982. These authors required that at least
one processed subtracted image of the corona be available within a 4-hr window
following the onset of the Type Il burst for an event to be included in their analysis.
They listed 10 non-CME Type Il bursts that were associated with near-limb (within
30°) flares with moderately strong-M1 soft X-ray class and peak 3 cm impulsive
burst>100 solar flux units) as particularly good counter examples to the CME-
piston hypothesis for Type Il bursts. Similar to the finding of Sheetesl. (1984),
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1=

Figure 4. Solwindmages for a CME on 4 July 1982. A base image taken at 04:56 UT is subtracted
from each frame. In the 05:06 UT image, the base image is slightly misregistered. The bright area on
the far left in the 05:35 UT image is caused by a shutter problem; it is not part of the CME.

these 10 non-CME Type Il events were associated with impulsive soft X-ray flares.
For these 10 events, we examined all of the avail8lglevindcoronagraph images

(as subtractions), not only the preliminary run of processed images (one per orbit)
available to Kahleet al. (1984b). We found that two of these 10 events (4 July
1982 and 8 August 1982) had definitely associated CMEs. The subtracted images
for one of these events (4 July 1982), shown in Figure 4, reveal a fast CME with
speed~ 1450 km s*. The leading edge of such a CME will pass out of the 30 R
field of view of the coronagraph i 1.25 hr. For two other of the 10 events the first
available image was taken3 hr after Type Il onset. For one event, the Type Il had

an alternate source flare close to central meridian and in another case, the associated
flare was located directly under tisolwindpylon, making observations difficult.
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For an event on 7 June 1980, the Type Il classification is questionable (Hilary Cane,
1997, private communication), and for the 28 March 1981 event, the Type Il burst
was gqualified as a ‘possible event’, leaving only two (of 10) unambiguous cases.

As a result of this preliminary exercise, we decided to re-examine the rela-
tionship between metric Type Il bursts and CMEs using all available coronagraph
images (subtracted) for times of interest. We considered the &divandinterval
of operation, from March 1979 to September 1985 and compiled a list of all Type Il
bursts reported ifsolar-Geophysical Datas well as in separate unpublished re-
ports for the Nancay and Weissenau Observatories. We considered all Type IIs (of
any length and intensity), including decimetric Type lls, reported by any station.
We only excluded the possible Type lIs reported by Culgoora. From our Type Il
list, we selected the subset of all events associated witfiddes located-60° in
longitude from solar central meridian. In all, 147 such events were reported during
this period, corresponding to the peak and decay of solar cycle 21. For 90 of these
147 events, at least or@olwindimage existed within a 2 hr and 15 min window
beginning 15 min after the onset of the metric Type Il burst. The 15-min delay
was required because a CME with an assumed height ®gd.(om Sun center)
at the time of Type Il onset and a leading edge speed of 600 krnwil reach a
height of~ 2.3 Ry in 15 min, still below the 2.5k, edge of the occulting disk of
the coronagraph. The outer limit of 2.5 hr after Type Il onset was chosen because
in that time interval, the leading edge of a 1000 kmd EME originating at the
solar limb will reach~ 13 Rg, beyond the field of view of the coronagraph. The
rates of CME association for the 90 Type Il bursts with coronagraph coverage are
given in Table I, for Type Il associated flares within°3nd 158 of the limb. For
the 76 definitive cases in the 30olumn, 64% (49/76) of the Type Il bursts were
accompanied by fast CMEs, comparable to the results of previous investigators.
For 14 of the 90 events (16%), a CME was possibly associated with a Type I
burst but we could not say for certain because of timing or positional discrepancies
or observational difficulties. We examined the associations made independently by
Kahleret al.(1984b) (Steve Kahler, 1997, private communication) for the 14 events
in our possible or questionable category and found that those authors considered
six of the eight events in this category that were common to both studies to have
definite CME associations. Thus we believe that the overall association rate we
obtain of 64% is valid. For Type Il bursts associated with flares withindfhe
limb, the CME association rate increases to 79% (30/38).

Based on our reanalysis of the 10 counter-examples to the CME-piston hypo-
thesis listed by Kahlezt al. (1984b), we expected that our Type II/CME association
rate would increase over the 60—70% from the previous studies of Shetedby
(1984) and Kahleet al, but our results are in good agreement with theirs. For
example, Kahleet al. (1984b) found that 62% (34/55) of Type Il bursts associated
with flares within 30 of the limb had Type Il association; for events withir® 13
the limb the percentage association was 87% (20/23) (Table I). These percentages
compare with our values of 64% and 79%, respectively.
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TABLE Il

Limbward fraction of Type Il flares associated with CMEs for the
1979-198550lwinddata set

Longitude  Number of Cases %

Bin CME NoCME Indeterminate associated
61-90 49 27 14 4976 = 64%
76-90 30 38 5 3(B8=79%

Does this mean that the20—-35% of Type lIs that lack CME association are
flare-generated blast waves? To examine this possibility, we compiled histograms
of the peak GOES 1-8 A soft X-ray flux and the peak 9 GHB (cm) fluxes
of the microwave bursts associated with the 49 CME-associated Type lIs and the
27 events that definitely lackesblwindCMES in our study. As can be seen from
Figures 5(a) and 5(b), the soft X-ray/9 GHz bursts associated with the non-CME
Type lls are smaller (by a factor 6f2.5/~4 in the medians) than the Type IIs with
CME association. Although some of the non-CME flares are big events, the median
peak soft X-ray/microwave flux for the group as a whole (M@0 s.f.u.) indicates
a fairly garden-variety event, not indicative of the substantial energy release one
might expect to be required for a blast wave Type Il (cf., Kaldeal,, 1984b).

Thus we suspect that CMEs went unobserved in the ‘non-CME’ Type Il events in
Table 1.

There is an additional reason to believe that CMEs may have gone unobserved
in these cases. Type lIs that lack CMEs tend to be associated with impulsive flares
(Sheeleyet al,, 1984; Kahlert al,, 1984b). In our sample, the median duration of 1
—8 A bursts above the C2 level (cf., Kahler, Sheeley, and Liggett, 1989) was 0.6 hr
for the non-CME-associated flares vs 1.7 hr for the Type Il flares with CMEs.
As Kabhleret al. (1989) have shown, CME angular span varies with soft X-ray
duration. CMEs associated with impulsive flares tend to be narrow, making them
more difficult to observe. From the least-squares best-fit line through the data in
Figure 2 of Kahleet al. (1989), soft X-ray durations (above the C2 level) of 0.6 hr
and 1.7 hr imply angular CME widths ef 10° and~ 40°, respectively, with a
good deal of scatter.

Figure 6(a) contains a histogram of the leading edge speed of the CMEs for
the 43 of 49 Type lIs in Table Il with CME association for which the speed could
be determined. A normalized histogram of speeds oBallvind CMEs observed
from 1979-1981 (Howareét al., 1985) is shown for comparison in Figure 6(b).

As reported by Goslingt al. (1976), Sheelewt al. (1984), and others, it can be
seen that the CMESs associated with Type Il bursts are characteristically fast events
with speeds-400 km s1, well above the~300 km s median speed of all CMEs
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Figure 5.Histograms of (a) 1-8 A intensity classes and (b) peak 9 GHz flux densities of Type Il limb
flares with and without associated CMEs.

(Howardet al,, 1985; Hundhauseet al., 1994). We regard this selective association
between Type Il bursts and fast CMEs as strong evidence for our thesis that most
and possibly all metric Type lIs are driven by CMEs, particularly since it is gener-
ally accepted that fast CMEs drive kilometric Type Il shocks in the interplanetary
medium.
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Figure 6. (a) Histogram of speeds &olwindCMEs associated with metric Type Il bursts, 1979—
1985. (b) Normalized histogram of speeds of &dilwindCMEs observed from 1979-1981 (from
Howardet al., 1985).

4. Conclusion

4.1. REVIEW OF THE EVIDENCE FOR THE FLARE VICME ORIGIN OF
CORONAL SHOCK WAVES

Over the years an impressive array of arguments has arisen to support both the
flare- and CME-based pictures for metric Type lls (e.g., Cane, 1984). We begin
with the observations that support the flare-initiated blast wave picture:

(1) There exists a close timing between flares and Type Il bursts, with Type I
emission typically commencing within several minutes of microwave burst (hard
X-ray) maximum (Kundu, 1965; Svestka and Fritzova-Svestkova, 1974; Vrsnak
et al, 1995). While this argument seems compelling on the surface, Figure 7, a
modification of a figure from Hundhausen (1999), shows that the rapid acceleration
of fast CMEs can also occur near Type Il onset (and the flare impulsive phase). An
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additional example from Hundhausen (1999) of close timing between the launch
of a fast CME and Type Il onset is discussed by Cliver (1999).

(2) As shown again in the present study, a non-negligible fracti®20¢35%)
of Type Il bursts associated with limb flares lack associated CMEs. As argued
above, we believe that CMEs may have gone unobserved in these events based on:
(1) the high ¢-80%) percentage of Type Il bursts accompanied by fast CMEs for
flares under the most favorable circumstance, withindf8he solar limb; (2) the
relatively weak impulsive phases of non-CME Type Il flares (Figure 5), inconsis-
tent with the blast-wave picture; and (3) the short durations of the non-CME Type Il
flares, indicating narrower, and therefore more difficult to observe, CMEs. In ad-
dition, the CME observing rate for the Large Angle Spectroscopic Coronagraph
(LASCO) (Brueckneret al,, 1995) on SOHO for the current solar minimum is a
factor of two or more higher than the rate obtained from coronagraph observations
for the previous solar minimum (Howast al., 1997). This higher rate presum-
ably results from the improved sensitivity, more regular observing cadence, and
extended field of view of LASCO in comparison with earlier instruments (although
intrinsic differences between solar minima cannot be ruled out) and suggests that
some narrow and perhaps fainter CMEs of the type which we would expect to be
associated with the flares in the non-CME category of Table II, may have been
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missed bySolwind Thus we are inclined to believe that the true association rate
of Type lls with fast CMEs is higher than 65% or 80% and may well be 100%.
LASCO observations during the coming solar maximum should be adequate to
confirm or rule out this working hypothesis. A comparison of Type Il bursts and
CMEs during the first two years of LASCO operation is underway. Preliminary
results are consistent with the high degree of association we found for near limb
events with Solwind.

(3) As shown by Gargt al. (1984) and others (e.g., Gopalswamy and Kundu,
1992), the spatial relationship between CMEs and Type lIs is not always consistent
with a piston-driven shock. Often, the radio emission appears to lie within the
CME, behind the leading edge. We do not regard this as a fatal objection. As Cane
(1984) noted, the observed Type |l positions may be affected by ducting in the
corona and ionospheric refraction. Moreover, projection effects come into play (see
Bougeret, 1985). For non-imaged observations, lack of precise information about
the density profile makes comparisons problematic. Finally, Holman and Pesses
(1983) and Steinolfson (1984) have shown theoretically that emission might be
more readily produced at the flanks of the CME.

(4) Robinsonet al. (1986) reported differences in the properties of Type lIs
with and without CMEs. However, their analysis was based on the Sheeldy
(1984) identification of two classes of events that did not take the increased ob-
servability of CMEs near the limb into account. Thus, the median longitude for
the CME-associated Type Il flares is°5¥s 42 for the non-associated events,
and the purity of the two classes and hence the validity of the result is called into
question. Also, some of the differences found, e.g., the greater complexity of the
CME-associated Type lIs, may simply reflect the larger overall size of these events
and may therefore represent a difference of degree rather than of kind.

(5) Most recently, Gopalswanst al. (1998) compared observations of coronal
Type |l bursts from ground-based instruments with observations of interplanetary
(IP) Type Il bursts observed by the WAVES experiment on\ttiad spacecratft.
During the interval from November 1994 through April 1996, they found that none
of the 34 coronal Type llIs they observed were subsequently detected at kilomet-
ric frequencies by WAVES and that none of 3 transient IP shocks observed by
the Magnetic Field Instrument dWind were preceded by coronal Type Il bursts.
From these results, they concluded that ‘coronal and interplanetary shocks are two
different populations and are of independent origin’ and attributed coronal shocks
to flares. The results of the Gopalswameityal. study were addressed in detail in
Cliver (1999) where it was pointed out that: (1) more extensive observations made
by the low frequency radio experiment on ISEE-3 from 1978—-1983 show that IP
Type lls are characteristically (70% of the time) accompanied by metric Type lIs;
and (2) two of the metric Type Il bursts reported by Gopalswaghwl. were
followed by interplanetary shocks that were strong enough to acceleiftéleV
protons but which, for unknown reasons, did not have associated kilometric Type Il
emission. Thus Cliver (1999) concluded that the attribution of metric and interpla-
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netary Type Il bursts to separate sources — flares for coronal shocks and fast CMEs
for IP shocks — was premature at best. Cliver (1999) also critiqued the suggestion
of Gopalswamyet al. (1998) that coronal shocks were driven by short-lived flare
sprays.

The principal arguments in favor of a CME origin for slow-drift metric bursts
are the following:

(1) Type llIs are highly associated with fast400 km s*) CMEs (Table Il, Fig-
ure 6). This high degree of association of two relatively rare phenomena suggests
a causal relationship. Moreover, the fact that a high percentage of Type Il bursts
originate in relatively small flares (Figure 1) argues against a big flare syndrome
(Kahler, 1982a) explanation of the association. If CMEs were extraneous to Type Il
formation, we would expect Type llIs to be better associated with the more common
slow CMEs than with those having speesdd00 km s?. In fact, as shown in
Figure 6 and other studies, there are only a handful of cases (e.g., Gopalswamy
and Kundu, 1995b) of Type llIs that were associated with slow CMEs.

(2) For a large sample of events, Robinson (1985) showed that Type Il speeds
were consistent with the observed range of speeds of CMEs associated with Type Il
bursts. It should be pointed out, however, that comparisons of CME speeds and
Type 1l speeds for individual events have produced discordant results (Gergely,
1984; Gopalswamy and Kundu, 1992).

(3) Approximately two-thirds of fast CMEs are accompanied by metric Type lls
(Kahleret al,, 1985). We are aware that this argument can be used the other way
(one-third not associated), but again, if CMEs are not essential to the Type I
process, then why this high degree of association? Robinson, Stewart, and Cane
(1984) showed that interplanetary Type Il bursts were characteristically associated
with metric Type Il bursts that had low starting frequencies. This suggests that
those metric Type Il bursts that are likely to survive into the interplanetary medium
start high in the corona. Occasionally, the CME may be expected to exceed the
local Alfvén speed only after it has passed beyond the metric range accessible
by ground-based radio telescopes. Gopalswamy and Kundu (1995a) suggested that
high starting points and late accelerations may preclude ground-based observations
of CMEs in general, but the B starting height (from Sun center) they use refers
to slowly developing streamer blow out events and not to the more energetic events
that produce Type lIs (cf., Cliver, 1999). For example, the major near-limb CME
on 29 September 1989 (7@ngular width; 1828 km) that produced the largest
increase in GeV patrticles at Earth since 1956 can be clearly seen emerging from
below the effective SMM coronagraph occulting disk that extended t&@above
the limb (Joan Burkepile, 1998, private communication).

4.2. DISCUSSION

As noted in the Introduction, the picture that all coronal shock waves are flare-
initiated blast waves appears to be gaining acceptance (e.g., Aurass, 1992; Cane,
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1997). In contrast, we have argued that both coronal and interplanetary shocks owe
their existence to fast material motion. We believe that a fast CME, not an intense
flare or an unusually low Alfvén speed in the vicinity of a flare, is the long-sought
special condition required for the generation of a metric Type Il radio burst.

The scenario we have in mind is that a fast CME drives a shock which is mani-
fested in the chromosphere as a Moreton wave, in the low corona as a Type Il burst
and the waves detected by the EIT on SOHO, and in the interplanetary medium
as an interplanetary shock if the event is fast/strong enough. Given the different
mechanisms for acceleration of electrons at shocks and the role played by the am-
bient medium (Uchida, 1974a, b) and local structures both in the corona (Stewart,
1984) and in the interplanetary medium (e.g., Lengyel-Frey and Stone, 1989) in
shock formation, it need not follow that the metric-kilometric shock is a seamless
entity (although the analysis of Robinson, Stewart, and Cane (1984) suggests that
in some cases it may be).

We note that the coronal waves observed to date by EIT appear to be well-
associated with CMEs (Thompset al., 1998b). The EIT wave that traversed the
face of the Sun on 12 May 1997 (Thompsetnal., 1998b) is particularly instruc-
tive. It was accompanied by a Type Il burst, a C1 soft X-ray burst, a 10 solar flux
unit burst at 2800 MHz (SGD), and a 1F/NxHlare. At solar maximum, a dozen
flares of this size can occur on a given day; in fact, the soft X-ray background
level will generally exceed C1 when a strong active region is on the disk. The
remarkable aspect of the 12 May event (i.e., the candidate feature presumably
required for Type Il formation) was not its associated flare — that would scarcely
have been noticed during active periods — but rather an associated halo CME that
produced a magnetic storm at Earth (Pluniadttal, 1998). While the Type I
burst and widespread EIT wave on 7 April 1997 (Thompsbial, 1998a) were
associated with a moderately intense microwave burst (220 s.f.u. at 2800 MHz)
and a 2N H flare, the soft X-ray event (C6.8) was unexceptional. Like 12 May,
this event was distinguished primarily by an associated halo CME (Hoetaal
1998). Previously, small flare (or even non-flare) events with associated CMEs and
significant geophysical effects (e.g., Joselyn and Mcintosh, 1981; Cliver, Kahler,
and Mclntosh, 1983) provided underpinning for the paradigm shift from flares
to CMEs in solar-terrestrial physics (Kahler, 1992; Gosling, 1993). Back at the
Sun, such events support our conclusion that a CME is the essential ingredient, the
‘special condition’ invoked 40 years ago by Roberts, that distinguishes small flares
that have associated metric Type Il bursts from the vast majority that do not.
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