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STUDY OF THE RELATIONSHIP BETWEEN 
/CORONAL. MASS EJECTIONS 

:   AND ENERGETIC ELECTRONS 
: IN. INTERPLANETARY SPACE 

KLDaibpg, S. W. Kahler, V. G.Stolpovskii 

We consider time characteristics of energetic electron events in interplan- • 
etary space after solar flares associated with coronal mass ejections (CME). 
Analysis of electron intensity—time profiles shows that independently of flare 
duration, times to electron event maximum from flare onset and from electron 
event onset increase with increasing of CME velocity. Possible interpretation 
of this effect is electron acceleration by CME associated shock wave. 

1. INTRODUCTION 

An important problem of solax energetic particle (SEP) events is whether 
SEPs are accelerated in impulsive phase of a flare or by coronal and inter- 
planetary shocks associated with CMEs (Coronal Mass Ejection). As a whole 
particle acceleration by shocks is widespread phenomenon in the heliosphere 
and many astrophysical objects [lj. Some time ago it has been recognized that 
shocks are of fundamental importance for SEP events [2, 3]. 

As for observations of shock acceleratedparticles there are clear evidencies 
and identifications of shock particle enhancements at energies of hundreds 
keV-MeV3 for protons and up to tens keV for electrons [4]. Situation with 
energetic electrons {E > Q.1 MeV) is not so transparent. Energetic electrons 
can easily escape from the shock front and their motion has another time as 
well as length scales. Moreover they can go away and greatly outstrip a shock 
front. 

The majority of observations- both at low and high energies concerns pro- 
ton events. Direct detailed measurements of energetic electron component of 
SEPs are less numerous and its relation to shocks is known much worse than 
in a proton case. The main ideas on accelerated electron dynamics in a source 
and solar atmosphere were obtained using solar X- and radtoemissian obser- 
vations and. are extremely model-dependent. Their application to electron 

• events, in interplanetary space: gives ambiguous results. So better understandr 
ing of an interrelation between energetic electron fluxes and shocks may be 
achieved when results of direct electron measurements and data of X- and 
radioemission observations are considered together. But. such investigations 
are not numerous. 
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There are both, pro and contra; arguments for shock subrelativistic and 
relativistic electron acceleration. - Observations of energetic electron events 
lasting: for many boors foflowinglargeflares [5], electron events withont hard 
X-ray association [fij and other arginnents-[7] can be supports of the point of 
view,; that energetic electrons were accelerated in long duration process and 
a shock source is.apossible explanatibnvfor these events. -However up to now 
the ccratiilmtibn to: interplanetary; electronfloxes-irom acceleration In coronal 
or interplanetary shocks is poorly understood. 

In [7}we.studieda.probaibiEty of shock acceleration of > 70. keV electrons. 
If these electrons-in SEP events.can arise.frcmeither.flaxes or shocks, then 
we should expedf that the electron escape efficiency should be different for 
flares with and without CME. We estimated an'escape efficiency comparing 
ina-nmiim electron flux with hard X-emisskm fluence. and found that it is 
some higher (by factor of 2). in the case of flares associated with CME. It 
may be considered that the shock electron population is comparable to that 
of impulsive component. But statistics was not rich enough and only well- 
connected events were taken into account. So the conclusion, must be cleared 

op- - - 
In the present paper we examine-the association and timing of flares and 

CMEs for a sample of 24 SEP events observed by ISEE 3 from 1980 through 
1985. We examine the intensity-time ponies of electron enhancements to see if 
there is any distinction in profile shape in the cases of flares with and without 
CMEs- In [8] we have considered > 0:3 MeV electron intensity-time profiles in 
SEP events according to Helios data from 1979 through 1982. It was assumed 
that if an acceleration occurs during an extended period of shock propagation 
in corona then time interval for which SEP intensity rises to the maximum will 
be longer in. comparison with acceleration in impulsive phase of a flare. We 
established that on the average rise time of electron enhancements related to 
flares with CMEs is really some longer. But statistics was not high. We shall 
compare relations between flare, CME and electron enhancement parameters 
obtained for a sample of ISEE 3 events with those ones from Helios and Phobos 
2 observations [8, 9]. In a number of cases the same SEP events were observed' 
by Helios, ISEE 3 and Venera. 

2. DATA; SOURCE AND PROCESSING METHODS 

Data considered includes an information on SEP events, flares and CMEs. 
Energetic particle fluxes were measured onboard ISEE 3 which was in the inner 
Eagrangian point between Sun and the Earth. Electrons with energy between 
0.22 and 2.0 MeV and 4-19 MeV were measured in the GSFC medium-energy 
cosmic ray experiment. Tim*» resolution of electron measurements was high 
enough and we used 15 min.averaged data in our investigation in according to 

[10]. 
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Standard information about Eai-Saxes-and.bursts of flare in hardX- and 
radtoemission was .takenfcom Solar-GeopnysicalData and from.Internet net-. 
work;-:1a.the- case- ofelectromagnetic bmsts we used.uot-only table data but 
aiso~mtensity--tmTfi^ots^ An: införmatiom cm. corresponding bard X-bursts 
was-provided by HXBBS'observaiionsi on SMM [11]. '   . 

During the periods,considered GMEs were observed by the Solwind coro-1 

nagrapk on- P78-1 at- distance from ;2.5B^; _ to^: 10;R^ and corona- 
graph/polarimeter. on SMMl. Data of Soiwihd observations were prepared by 
N.Ä-Sheeley ;[12].Mo: the case of SMM! observations we have a revised and 
expanded catalogue [13] which permits us to obtain time, velocity, position 
angle^and other parameters of CMBs associated with selected SEP events. 

Selection of electron events was made on the basis' of energetic electron 
intensity-time variations. Sharp intensity rise, follawedby more or less gradual 
decay of electron flux was considered as SEP event. Those enhancements 
having duration more than 3 hours and amplitude execeeding the background 
by 3<r were taken into account. According to Z<r condition we could distinguish 
electron enhancements with the amplitude of > 0 J2 MeV electron flux greater 
than 0.05 particle/cm2 sec sr. 

The particle source identifications for the majority of SEP events 
considered have been published previously. We began, however, by making 
flare/CME associations without reference to these, previous studies. We used 
standard method of identification of parent flare [14]. The associations derived 
were essentially the same as those arrived in earlier studies. But our event list 
contains a number of smaller events which were not included in previous lists. 

The observer's magnetic footpoint was determined by the method de- 
scribed in [15], taking into account the real solar wind velocity. For recalculat- 
ing times of electron intensity maximum from one angular distance between 
magnetic footpoint and flare site to another one it's necessary to employ some 
model notions. We used ideas of simple diffusion model and took into account 
a difference of angnlar distances. Here we used formalism of coronal prop- 
agation [16] which is supposed to be independent of the physical content of 
phenomena considered. So we used approximation formulae for coronal prop- 
agation of > 0.5 McT electrons from [17] and recalculated them to 0.2 MeV. 
A fit to the data was performed by assuming that the constant delay within 
certain »ngnlar distance <pa — 26 (Past Propagation Eegiön) is due to inter- 
planetary propagation and that time to marinmm tmincxeases linearly beyond 
<PQ. Then may be aproximated by thenext formula 

«4iAU,.p):-= 78-M-%-26):,. min (1) 

where the first" and the second terms: describe interpjKcetary to r = 1 AU and 
coronal propagation, respectively. 

We suppose that there- must be some correlation between rise, time of SEP 
«vent and a velocity of coronal shock. Let us suppose for simplicity that CME 
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velocity is- rfoangrfng with, constant acceleration and CME driven shock can 
accelerate elections if shock velocity is higher than some VY,™.. Let the CME 
speed rises till the value VQ. Then, the time during which.electrons shonld 
be shock accelerated increases with increasing Vo and a distance that.shock 
travels during this time also increases with increasing Via- h». a case of constant 
CME. and shock speed distance at which.: shock can accelerate particles, would 
be traveled by the shock m a.time decreasing with mcrease of Tffr. As amattter' 
of fact it is necessary to: take into account damping, of shock and decreasing 
of ambient plasma density but as a whole the character of Vo vs t dependence 
would be the same: t(Vo) — decreasing function, if.V = Vo — const, and t(Vo) 
— increasing function, if CME acceleration or deceleration takes place. 

So as we know about acceleration— deceleration of the- shock, we are 
waiting as a result of our investigation that rise time of SEP event is increasing 
function of CME traveling speed, because the injection continues for longer 
times with faster CMEs, and a size of injection region increases faster than 
linearly with CME speed. Preliminary investigation [8] showed that there is a 
tendency of increasing rise time vs CME speed. 

If the cone containing CME intersects with limb plane then measured CME 
velocity is the real one. If not, we obtain the "real" CME velocity by recalcu- 
lation of the nearest to the sky plane forming of the CME cone. Recalculated 
VCME is 

Vc<Jc = FcMB/cos(^-a/2), (2) 

where £ is an angle between radial flare extension and the sky plane, 

£ = arccos[cos20-sin2.5 + sm20]      . (3) 

Angle a in (2) is a real dimension of CME cone, 

a = 2arctg[tg(X>/2)-cos^] , (4) 

angle D~ is dimension of CME cone in the sky plane. 

4. RESULTS AND DISCUSSION 

ISEE data list includes 24 events obtained at 1 AIT and is shown in the 
table. 

Here "1" is event number; "2"—event date; "3" —flare location; "4" — 
CME initial position angle and width (in parenthesies); "5" — CME velocity, 
km/s; u6" — CME velocity, calculated according to (2),.km/s; "7" — angniaT 
distance <p; FPU means that observation point is projected to fast propagation 
region; "8" — time to Tnarlinimi of electron event corrected accodmg to (1), 
hrs; a9" — electron event rise time, hrs; time, hrs; "10" — soft-X-rays duration 
(L — long, > 1 hour, S — short, < 1 hour). 
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.1 
2 
3 
4 
5 

'6 
7 
8 
9 

10 
11 
12. 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22- 
23 
24 

040480 
070680 
070680. 
230381. 
250381. 
300381: 
040481 
280481 
071181 
141181 
051281 
020182 
080282 
090282 
070382 
190782 
080882 
130882 
140882 
221182 
221182 
071282 
050183 
150583 

N27W34 
N13W70: 
N14W7Ö. 
N10W54; 
N09W87 
N13W.72 

rS44W87 
N16W90 
S10W39 
N16W49 
N20W40 
N19W88 
S13W88 
S14W90 
N19W53 
N21W45 
S09W65. 
N11W59 
N11W63 
S08W34 
S11W36- 
S19W86 
>W90 

S10W80 

N07W(140) 
no      . 

.   no 
N30W(40) 
m5W{70) 
N10W(180) 
S45W(35) 
N05W(30) 

no 
N05W(110) 
' N45W(60) 
N10W(40) 
N05W(10) 
N05W(30) 
N10W(60) 
N45W(40) 
S10W(10) 
S30W(20) 

no- 

S10W(60) 
S10W(20) 

no 
S25W(50) 

840 

400 
900 

1300 
900 

1000 

585 
840 
650 

1310 
1600 
1140 
' 63Q 

600 
300 

740 
1250 

1110 

840, 

420 
900 

1300 
900 

1000 

615 
905 
650 

1310 
1600 
1240 

700 
640 
330 

805 
1250 

1110 

8 
FPU 
FPB. 
FPB. 
FPU 
W50 
FPU 
W40 
W48 
FPB. 
FPK. 
FPR 
W45 
FPR 
W33 
FPR 
FPR 
FPR 
FPR 
FPR 
FPR 
FPR 
FPR 
FPR 
FPR 

3.0 
1-2. 
0.8 
1.7 
2.5 
2.0 
3.6 
3.2 
1.3 
4.6 
6.5 
2.0 
1.3 
1.5 
2.9 
1.8 
3.0 
0.8 
1.0 
1.6 
3.1 
3.4 
1.7 
2.5 

2.1 
1.0 
0.6 
1.0 
2.0 
1.0 
2.5 
3.0 
0.8 
4.5 
5.5 
1.0 
1.1 
1.6 
2.4 
1.5. 

'2.0 
0.6 
0.7 
1.3 
2.7 
2.5 
1.0 
1.0 

10 
L 
S 
S 
s- 
S 
L 
s 
L 
S 
L 
L 
S 
S 

-S 
L 
S 
S 
S 
S 
S 
L 
L 
S 
S 

3** 

4- 

kr 

1 

4 — 

t.   ,hr 
rae 

II | [ i  t  | I I  i  ' '  I',' '  ' ' '  ' ) 
| 5oo        moo        1500 0 

V   ,calc,km/s '        " 
ane * <*t 
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In Fig. 1 we present time to maximum (a) and rise time (b) vs calculated 
Vcme. Events UM 13, 14 and 18 of the table were excluded from, the fig- 
ure as. the corresponding flares were in opposite hemispheres with observed 
CMEs. Two points with Mghest" values of t„. and t^., concern MM 10 and 
11 events. We compared these values with *„»■ and f^« obtained by Helios 
and Venera. observations [6, 7]. In the case of Nov. 14, 1981 event Venera was 
near the Earth and values t^ and tage were 4.2 hrs and 4.0 hrs, respectively. 
For Dec 5, 1981 event Helios and Venera were located at r = 0.95 ATJ and 
r = 0.44 ATT, respectively.. Venera's magnetic footpoint. was in FPU, angular 
distance for Helios was E95. Normalized values tm were 7.0 and 8.1 hrs for 
Venera and Helios, respectively. Thus high values.of t„, and in».' obtained in 
three different points-are practically the same. It seems that- these events are . 
related to disturbances which could be caused by filament dissapearauce. For 
Dec. 5,1981 it was proved in [18]'. It confirms that energetic electrons can be 
accelerated by CME driven shock. 

We see from Fig. 1 that tm and in*, are slowly increasing with increasing 
VCME and that all values oft,» and i^e are less for non-CME associated 
flares than for CME-assodated ones. Open circles are for L, dark points — 
for S events. As there is no difference between L and S events in Fig.l one 
may conclude that 4^ and tag,, are caused rather by time extended shock 
acceleration than by flare duration. 

PaooTa nojfflepacaHa rpaHTOM PO<t>H M 94-02-04453 H soHTpaKTOM 
S?C-94-^071 c EOARD. 
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