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MICROWAVL BURSTS AND CORONMNAL MASS EJECTICNS

I.M. Chertok
IZMIRAN, Troitsk, Moscow Region 142082, USSR

The general relationship of coronal mass ejections (CMEs) with
flare acltivity is of great interest. Up Lo now the association of
CMEs with soft X-ray bursts has been mainly analyzed (see Kahler et
al. <1989) and references thereind. In the present report Lhe
relationships of CMEs and microwave bursts will be discussed. I
shall oulline some results of our recent investigations CChertaok et
al., 19902, Then short comments will be given on the possible use of
the micrbwave high-resclution radicheliograph observations for study
of the CMEs and related phenomena.

An important point of our analysis is that the combinaticon of
the absclute peak flux density () and the effective duration Cdd
at the half peak flux level is taken as a main characteristic of
radio bursts. We used the data on about B0 P78-1 SOLWIND CMEs
which according to Sheeley et al. (1884, 18982), Kahler et al.
(18842, Cane et al, C19872>, and so on are identified with flares
on near-=limb helilongitudes |£] = 48 ‘as well as the data on about
20 flares those are not accompanied by CMEs.

The analysis reveals that the location of evenls on the
S-d-plot allows not only to separate flares with CMEs and ones
without CMEs but to determine the relations between characteristics
of microwave bursts and such parameters of CMEs as angular sirzes,
speed, mass, shape. As an illustration the S-d-plolL is shown in
Figure 1 where the events with large, average, and small angular
sizes as well as the events without CMEs are marked by different.
signs. One can see that microwave evenls of two qualitatively
di fferent types are assoc;ated with CMEs: (1) large non-impulsive
bursts with S =~ 10°-4 10Y s.f.u. and d = 2-20 min; (2> prolonged

"gradual rise and fall" C(GRF)> bursts with S =~ 6-100 s.f.u. and d =
20 min.

Moreover, the definite zones may be distinguished on Lhe
S-d-plot in which CMEs with different angular sizes C(AO} are
concentrated. The majority (= 80 of large CMEs with A® = 6““ are

observed in combinaticn with the most intensive (S = 4 10 25 10 °
s.f.u.) and long-duration Cd = c 4 mind radioc bursts. In the
intermediate burst zone (S 10 =5 10 s.T.u. for d >~ 2-4 min and S =~
10°- 4 10° s.f.u. for d > 4 mimd and GRF-zone the CMEs of

average sizes CAGx 30-807D predominate. The impulsive burst zcne (4=
2 mind may be characterized as one of events either without CMEs or
with CMEs of small sizes CAB< 30-407).

Besides angular sizes, the analogous separation takes place
also for other parameters of CMEs on the S-d-plot (Figure 2. In the
zone of the intensive non-impulsive bursts, Lhe CMEs of complex
shapes (filled loops, curved front remnants), high speed (v Z 1000
kmrss> and big mass Cm z0(8-12D e gY are mainly observed. For the
intermediate burst amd GRF zones the CMEs of simpler shapes
(spikes, fan)ﬂ average speed CV ~ 400-1000 kms/s) and moderate mass Cm
~ C1-10> 10* g are typical. As for as several CMEs associated
with sufficiently intensive impulsive bursts are concerned they have
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Fig 1. - Scattered S-d-plot showing the relation between

microwave burst properties and angular width of corresponding CMEs:
® - very large (280 >, O0- large (60-90°), @ - average (30-80 >, © -
small (¢=<30% CMEs; O ~evenis without CMEs. Lines mark the
conditional zones of intensive (1), moderate (2), GRF (3), and
impulsive (4) radio bursts,

as a rule the simple shape, moderate speed C(V =2 400-8S00 km/s) and
mass Cm < 8 10*° ad.

The similar regularities are obtained when the combination of
the intensity and whole duration of soft X-ray bursts is used
instead of the radio parameters S and d CFigure 3D,

- Thus, the results described above mean that there is a wide
spectrum of events with the different correlation between the
eruption of CMEs and flare or flare-like energy release, but this
correlation discovers a definite reflection in characteristics of
microwave and soft X-emission. Such reflection is possible bolh
when the ascending CME initiates a flare and when on the contrary
the eruption of CME is stimulated by the flare energy release. In
the majority of confined Cimpulsive) flares the energy release
happens without visible CME in general. The magneilic field
reconnection may be initiated by other phenomena such as the
emergence of a new magnetic flux, the interaction of magnetic loops
and so on.

On Lhe other hand, the CME eruption may be a consequence of a
disappearance of the equilibrium of existing coronal structures
(Wolfson and Could, 1983; Low, 1986). According to Harrison et al.
(19803, the cruption of CME starts often before the impulsive phase
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Fig. 2. - Summary of the correlation between the microwave

bursts and the characteristics of CMEs. The zones of intensive (1D,

intermediate (2>, -GRF (3), and impulsive (C4) radie bursts are
indicated. ;

of the flare which takes place then near one of legs of Lhé
transient loop. However such a situation seems to be typical for
relatively small flares. In large flares with the developed
spatial-time structure the more complicated relationship between CME
and flare takes place accompanied by the multiple energy release in
different parts of the magnetosphere above active region. In such
cases the observed dependence between parameters of microwave bursts
and CMEs reflects the fact that the eruption of large, massive and
fast CME combines with the powerful, long energy release including
the numerous particle acceleration. In different eruptive events,
the prolonged energy release at the stage of the postflare loop
formation, when the magnetic field disturbed by the CME recovers
to its initial state, can give an additiconal contribution to the
relation under consideration (see Anzer and Pneumann C1982), Kahler
(19845, Cliver et al 19862, Kali et all. C1986) 2.

However, the eruption of CMEs including average or even large
ones not always results in the explosive energy release. When there
are not suitable conditions in the active region, the eruption of
prominence and ascent of CME lead rather to the prolonged heating of
a large plasma volume in the low corona and generaticon of GRF radio
emission than to the particle acceleration.

The data indicated above reveal also that the various shapes of
CMEs observed with the white-light coronagraphs reflect Lhe real
physical differences of events  but are not consequence of
geometrical or other analogous factors.
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burst parameters and characteristics of CMEs. The zones of intensive
and long-duration (1), moderate C2) and impulsive (32 soft X-ray
bursts are indicated.

The close dependence which according to the present analysis
exists between parameters of microwave (soft X-ray) bursts and CMEs
should be taken into account in models ofthe CME eruption.
Simultanecusly it can be used for the electromagnetic diagnostics of
flares causing interplanetary disturbances and geomagnetic storms.

It is obvious that the high-resolution microwave cbservations,
in particular with new Nobeyama radioheliograph, in combination with
cther ground-based and space measurements, can give very important
data for detailed investigations of the flare processes and related
events taking place during the different stages of the CME eruption.
In particular the following topics may be mentioned:

a) Evolution of the magnetic field and corresponding radio
emission accompanying the disappearance of filaments both inside and
outside active regions.

b) Overall study of the flare precursors, their relationships
with the CME eruption and explosive energy release.

c) Location, dynamics, relation to primary energy release, and
other features of the radio sources in quasi-impulsive and prolonged
flares connected with different CMEs.

d) General characteristics and peculiarities of the radio
emission during the ascension of CME, reconstruction of the coronal
magnetic field and its restoration to the initial state.

c) Detailed investigations of the "gradual rise and fall® radio
emission which is an indicator of the origin of many CMEs.
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POSSIBLE TOPICS FOR STUDY OF DIFFERENT STAGES
OF THE CME ERUPTION AND RELATED PHENOMENA
BY THE HIGH-RESOLUTION MICAOWAVE RADIOHELIOGRAPH

(in combination with other ground-bosed and space measurements)

— Instablfity and disappearance of filaments(prominences)
both inside and outside active regions;
— Felare Frecur'so:?s;
— Quasl-impuBsive and profonged flares with different CMEs;

— Radio emission during the ascension of CME, veconstruction
of the coronal mognetic {iefd and its recovery to
the initial state,

— “"Gradual Riseand Fale"emission as an indicator of many
CME et"up’cions

Soft X—ras bursts - parameters of CMEs
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Microwave bursts — parameters of CMEs

)

49<30-40° af~| aBr60-90°
W' V~400-{000 km/s 30-60 V3 1009 km/s
m~5'lou-io“’ Yo mp (3_1’.).10“'&

remnants of complex CME 3
fieted Loops

curvgd front

o’} spikes, fan 404

- e e e ———

»| flares without CMEs | m-(-1004y spikes,fan D)

® 48~30-90°
Y~400-850 km/s
it m~(i-10)10'7 g
spikes, fan, Loops

FLUX DENSITY 5, sfu,
B
T

'0 1 : e ]
Ta 10° o o
GFFECTIVE DURATION d, min

@) - zone of large, non-1mpulsive bursts
@ - intermediate burst zone

(3) -~ 6RF-xone

@ = impulsive burst zone

Wide spectrum of events witl, ini 3
different retationships betwesn Dl HEHktlne

haracteristic of mi
the CME eruption and fEare ¢ s of microwave
energy release (soft X-ray) bursts

Eruplion of CME == impubsive energy refease
Confined impulsive flares —

wlthat EMne impulsive bursts

bow ((38¢): disappearance of the equiltbrium ——= eruplion of CME
of the caronal structuras

Harrison e of. {1990}: = sruption of CME before the impulsive phase;
e ftare owcurs than nearone Leg of the
transient Covp

Rebatively small feares

Moderate and large flares ; complicated retation between
the CME and flare

harge CME — mubtiple powerfut intentive, Eong-duration
Cnlr,s release , microwave bursts

numerous particle
aceleration

Eruption of CME without ——7Prolonged heating of ——gradual rise and
explosive snergy release the coronal plasma. fal€ burst (GRF)
(smafl acceferation)

Additional contribution: long-duration energy release on the stage
¢f the restoralion of the corsnal magmetic
field after propagation of the CME

CMEs of various shapes real physical differences of cvents

Base for I'Ftcfromo,a,mfia diagnostics of flares causing the
interplonetary disturbances and geomagnetic storms

= 198+



— (MEeruption;

— teconstruction of the corenal magnetic fiefd;

— westoration of the mugnetic strueture to its initial state;

— mugnetic reconnection in the vertical current shect ;

— probonged energy rebease and bony - duration
particle acceleration,

— tormation of post-flare bosps; Tsuneto. et a€.(1932)
— ¢levated coronal scarces of graduat Takakura et al.(1982)
and extended microwave and g;_'“"“”ﬂ

millimeter vadio bursts, tvee et of. (1346

Koi et af. (1936
forg - duration X-rayevents (LDE) T:ak:(f;:s; )

Hoism, Nesterov (193¢)
Urpa (1588)
Kru ger et ol (1939)

Koop, Preuman (1936); Anzer,Pneuman(1982); Martens, Kuin (1989)
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— Surplus and defayed >10 MaV protan {luxes Chertok, Fomichev (193)
i the Interptonetary space from ertended BaziBevskaya ef o2 (1990)
flares with soft radio spectrum ($m2z3-56Hx)
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