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ADStract 

This paper gives a b r i e f review of current observation, in terpre ta­
t ion and theory of coronal t ransient mass e jec t ions. Some recent new 
results are oescrioeu. 

i . Introduction 

The Sun ejects coronal mass in sporadic highly time-depenoent 
events. As they move through the corona, these ejections can be 
observed in Thompson-scattered l i g h t , using coronagraphs. Since the 
early severities, tour coronagraphs have been flown in space to 
observe coronal mass e jec t ions. They are the coronagraphs on the 
sa te l l i t es 0S0-7 U97i-1974, 3-10 R © ) , Sky Lab (1973-1974, 1.6-6 R 
@), P-78 (xy'/y-198b, 2.6-10 R Q ) , and Solar Maximum Mission (since 
1980, 1.5-o R (p ) , with the i r l i fe t imes and f i e l d s of view as i n d i ­
cated. Rapid changes in the corona were not i den t i f i ed un t i l these 
coronagraphs were f lown. There are two reasons. F i r s t , i t is neces­
sary to get above the earxh's atmosphere to detect the weak signals 
from the corona above 2 K g . Second, time resolut ion of a f rac t ion 
of an hour is neeoeo to observe temporal changes, itow tnat we know 
mass eject ions are there, even ground-based coronagraphs can be used 
to look for them. The Hign A l t i tuoe Observatory has one in Hawaii 
with i t s f i e l d of view l imited to about 2 R Q from the limb, comple­
menting the f i e l ds of view of space-born coronagraphs covering the 
dimmer outer corona. Ihis instrument has been able to observe about 
60 mass eject ions since observation began in 1980. A wealth of data 
now ex is ts , spanning more than a f u l l eleven-year solar cycle since 
1973. In the fo l lowing, we describe b r i e f l y the observed propert ies 
of mass eject ions ana major issues in in terpre ta t ion and theory; see 
also Macyueen (1980), Uryer (1982), Hundhausen et a l . (1983), Wagner 
U984), Rosner, Low and Holzer ( i98b) , and Hi loner et a l . (198b). 

2. Observed Properties and Physical Implications 

huch of what we Know about mass eject ions comes from photographs 
taken with a coronagraph. we should always bear in mind that the 
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ejections are three-dimensional objects seen in op t i ca l l y th in 
Thompson-scattered l igh t in project ion on the two-dimensional images. 
The projected features in mass eject ions commonly appear in the form 
of loops. One-third of the mass eject ions from the Sky Lab data are 
ioop- l i ke , whereas more than half from the Solar Maximum Mission 
(SMM) data are loop- l i ke . In later epoch, loop- l ike mass eject ions 
tend to come with a three-part structure - a leading br ight loop, a 
t r a i l i n g dark cav i t y , and a br ight center. The br ight center is 
often i den t i f i ab le as material from an erupted prominence. The to ta l 
mass in an e ject ion has been estimated to be \ 0 * 5 - I 0 , f e grams. The 
apparent speeds obtained by tracking the leading edges of loops have 
a broaa range, from below 100 km s " ' to nearly 1000 km s " 1 . Typi­
ca l l y , the sum of k ine t i c and grav i ta t iona l potent ia l energy is about 
l O 3 ' er9» which is comparable to the energy of a f l a r e . Magnetic 

f i e l d s cannot be measured d i rec t l y but there are suggestions that 
magnetic forces dr ive the mass e jec t ion . 

I t is in terest ing the speeds of mass eject ions are often not 
higher than they are found to be. In the low corona, the sound speed 
of a 2 X 10fe ° corona is about k:00 km s _ l , the Alf ven speed is about 
500 km s _ l for a moderate magnetic f i e l d and the grav i ta t ional 
escape speed is about 400 km s " ' . The SMM data show that the average 
speed of leading edges of loop- l i ke mass eject ions is about 350 km s~ 

during the solar maximum of 1980 but only about 100 km s - ' as we 
approach solar minimum in ly84 (Hundhausen 1986). These average 
speeds are below the Alfven arid grav i ta t iona l speeds. In f ac t , two-
th i ros of the mass eject ions observed in 1984 move at less than 100 
km s'~' , well below the sonic speed. Moreover, the leading edge 
tenos to move with only minor acceleration or decelerat ion. Evi­
dent ly, the mass e ject ion is subject to a force that nearly balances 
out the grav i ta t iona l fo rce. 

The rate of occurrence is in te res t ing . Near solar minimum in 
19/3, i t was a l i t t l e less than one per day. The SMM data show a 
s imi lar rate at the 1980 solar maximum and a dramatically decreased 
rate of .2 per day at the present approach to another solar minimum 
(Hunuhausen l y8b) . The P-78 data show a higher rate for the solar 
maximum of 1980, about 1.5 per day, but agrees with the rate of .2 
per oay for 1984 (Sheeley 198b). The discrepancy for the rates for 
1980 needs to be resolved. Mass eject ions evolve in form as they 
move out. The dif ference in f i e l ds of view and spat ia l resolutions 
of the observing instruments may be at the root of the discrepancy. 
In any case, there appears to be a var ia t ion of the rate with solar 
cycle but that var ia t ion ooes not appear to be a simple proport ional­
i t y to sunspot numbers, liiven these ra tes , the mass loss to the Sun 
due to the mass eject ions is not more than f i ve percent of the solar 
wind loss. Mass eject ions are not important as a mass loss mechanism 
but i t s ind i rec t influence may be important i f they, in f ac t , open up 
magnetic f i e l ds to allow the flow of the solar wind. 

A l i t t l e more than half the mass eject ions are not associated 
with concurrent chromospheric a c t i v i t y . This is not surprising 
because the associated a c t i v i t y may l i e behind the limD. For those 
associated with chromospheric a c t i v i t y on trie f ront side of tne limb, 
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tnere is strong association with f la res and even stronger association 
with prominence-eruptions without f l a res . Prominence eruptions and 
Tlares often go together. The association is then highest with prom­
inence eruptions that occur with or without f l a r e s . This association 
pattern was f i r s t found in the Sky Lab data and is essent ia l ly 
unchanged for the SlviM events observed in 1980 (Munro et a l . 1979, 
Sawyer 19ci4). 

To understand the phenomenon of mass e jec t ions , there are three 
broad questions to answer. Under what circumstance and by what 
mechanism can a mass e ject ion be in i t ia ted? What is the dynamics of 
the propulsion through the corona? What is the fate of the mass 
eject ion in interplanetary space? The last question has only 
recently begun to be resolved and much of the preoccupation so far 
has been with the f i r s t two questions. To answer these questions, an 
MHL) f l u i d descript ion is a reasonable f i r s t approximation, given the 
usual length ana time scales of in te res t . Unfortunately, the hHU 
equations are d i f f i c u l t to t r e a t . The problem is d i f f i c u l t because 
of the need to deal with time-dependence, the magnetic f i e l d in 
multi-dimensional space ana the e f fec t of solar g rav i t y . There are 
several theories attempting to explain various aspects of trie mass 
e ject ion. There are two points of view which are su f f i c i en t l y we'll 
basea on trie l«iHU equations and 1 w i l l describe them o r i e f i y in re la ­
t ion to the current in terpre ta t ion of tne data. 

The f i r s t point of view is based on extensive numerical MHD c a l ­
culations (Uryer 1982). These calculat ions simulate the mass ejec­
t ion as a f i n i t e amplitude wave with a f ron ta l shock, wnich is 
assumed to be generated by an impulsive input of energy from a f l a r e . 
Unti l recent ly , the wave was i n i t i a t e d in a hydrostatic atmosphere 
with a potent ia l magnetic f i e l d . I t was found that the energy input 
had to be placed in loca l ly open magnetic f i e l d s . Otherwise, a 
closed magnetic f i e l d would overly res t ra in the eject ion of mass. 
Recently, these simulations were c r i t i c i z e d on the ground that quan­
t i t a t i v e comparison with observation showed important disagreements 
(Sime, MacQueen and Hundhausen .1984, 1985, Dryer and Wu 1985). The 
simulated density structure shows maximum density enhancement at the 
loop top, unrestrained spreading of the loop sides, and a general 
absence of a t r a i l i n g dark cav i ty . These are propert ies compressive 
waves tenu to have in the open magnetic f i e l d region of the assumed 
ambient atmosphere. In contrast , the observed loop- l ike mass ejec­
t ion has the maximum density enhancements at the sides, show evolu­
t ion of the sides into " legs" that quickly become stat ionary as the 
loop-top moves out, ano there is usually a dark cavi ty t r a i l i n g 
behind the loop top. The solar corona i s , of course, expanding. 
Steinolfson (1982) recently replaced the model having an i n i t i a l 
hydrostatic atmosphere with one in which the magnetic f i e l d is par­
t i a l l y open, with a solar wind flowing in the open part of the mag­
netic f i e l d . In the new model, the energy input can now be put in 
the closed f i e l d region. The global magnetic f i e l d , being p a r t i a l l y 
open, does not res t ra in the eject ion of mass as strongly as before. 
A loop- l ike structure forms with legs which do not spread out, matter 
being confined on the magnetic f i e l d lines that remain rooted to the 
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trie base of the corona. The side-way propagating compressive wave 
fronts cannot be confined, and they continue to propagate l a te ra l l y 
pass the legs. However, the top of the loop remains dominated by the 
compressive shock, giving i t an unacceptably large density enhance­
ment. The key to produce better agreement with observations is to 
suppress this e f fec t of the compressive wave. This can be done by 
introducing heating so that higher wave speeds in the ambient atmo­
sphere allow the compressive wave to avoid shock condit ion and move 
we'll aheaa of the ejected matter (Steinolfson and Hundhausen 1986). 
The density ennancernent at the loop top can then be reduced to a 
level below that at the legs. The important conclusion from this 
recent work is that the mass-ejection loop should not be ident i f ied 
with a wave, but is a structure moving with the frozen-in magnetic 
f i e l d . 

lioing on to Droaaer considerations, we should rea l ize that a 
large class of mass eject ions are associated with prominence erup­
t ions without f l a r e s . The need for a f la re to cause a mass eject ion 
is therefore not compell ing. Moreover, even when a f la re is associ­
ated, no de f in i te cause and e f fec t can be implied. Recently, Har r i ­
son (198bj investigated a few cases for which exist simultaneous 
observations from the coronagraph ano the X-ray imaging instrument on 
the SMM. The onset of a mass e ject ion was found to occur not at the 
same time as an associated f l a r e , but ea r l i e r to coincide with the 
pre- f lare br ightening. So, even when a f la re is associated, i t may 
not be the cause of the mass e jec t i on . Another important point is 
that a major i ty of the mass ejections nave speeds way below the 
character is t ic wave speeds ( e . g . , below 100 km s ~ ' ) . The impulsive-
energy model cannot produce th is kind of mass eject ions because the 
impulsive i n i t i a t i o n natura l ly gives speeus t yp i ca l l y of the order of 
the wave speeds in the ambient medium. What makes the matter so com­
plex and in terest ing is that the density structures of fast and slow 
mass eject ions are not qua l i t a t i ve l y d is t inguishable. 

This brings us to another point of view that others and I have 
advocated. Based on theoret ica l calculat ions and multi-dimensional 
se l f - s im i l a r solut ions to the MHD equations, the case can be argued 
that mass eject ions neeo not be created dynamically, but are pre­
exis t ing coronal structures which become unstable, and break away in 
the general tendency of the corona to expand (e .g . Low 1982, 1985). 
That there should be such a tendency is hardly surpr is ing. We 
already have accepted from Parker's solar wind theory that a m i l l i on 
degree corona cannot be confined by solar g rav i t y . I f there were no 
magnetic f i e l d s , the corona must everywhere expand in a solar wind. 
Magnetic f i e l ds trap local pockets of coronal gas in approximate 
equi l ibr ium by means of the magnetic tension force. But, witn con­
t inual evolution and heat ing, eventually such local s ta t i c structures 
break away, in a global flow with a broad range of speeds. In th is 
view, the f l a r e , the prominence eruption and the mass e jec t ion , i f 
they are associated, bear no simple re la t ion of cause and e f f ec t , but 
are a l l consequences of a global nonequil ibrium. 

I t is well known that the quiescent prominence often s i ts in a 
low-density cav i ty underneath the high density helmet s t ruc ture . I f 
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we interpret the helmet structure to be a three-dimensional, high-
density shell draped over the cav i ty , the thickness e f fec t along a 
l ine of s ight readi ly projects the shell into a loop- l ike s t ructure. 
The typ ica l three-part structure of a mass e jec t ion , dense loop, 
t r a i l i n g cav i t y , br ight prominence core, then suggests that the mass 
eject ion is th is pre-exist ing structure breaking away, and we have a 
natural explanation of i t s common occurrence and i t s high association 
with prominence erupt ions. Such a hypothesis allows us to discr im­
inate whether the eject ion loop is a planar structure or a three 
dimensional s h e l l . The appearance of a long prominence arch against 
the plane of the sky depends c ruc ia l l y on the or ientat ion of the l ine 
of s ight re la t i ve to length of the prominence. I f we look along the 
prominence, we w i l l see i t as an arch with a narrow base. I f we look 
perpendicular to tne prominence, the arch has a broad base. A s imi lar 
ef fect of perspective obtains i f the eject ion loop is also an arch 
lying in a plane. On the other hand, i f the eject ion loop arises 
from the project ion of a three-dimensional dense she l l , the var ia t ion 
of the base length of the loop with the or ientat ion of the l ine of 
sight w i l l not be conspicuous. A study by Hundhausen, MacQueen and 
Sirne (1984), based on the SMM 1980 data, showed tha t , on average, the 
larger the arch baselength of an associated eruptive prominence, the 
larger is the baselength of the eject ion loop. Moreover, there are 
cases where the arch baselength of an erupted prominence is smal l , 
s igni fy ing viewing the prominence in i t s plane. But, in no case is 
the loop baselength found to be nearly as small . This implies that 
the eject ion loop is not l i ke l y to be a f l a t object in the plane of 
the prominence, but is consistent with a bulbous shell having an 
elongation para l le l to the prominence. 

I l i k e to emphasize that the Sky Lab and SMM data are of a suf­
f i c i e n t l y good qua l i t y to y i e l d rather quant i ta t ive information. 
Recently, MacQueen and Cole (198b) studied the time evolution of the 
widths of eject ion loops as defined oy the i r brightness enhancements 
against the background. Their analysis showed that the loop-tops 
generally expand as the loops moved out, but only moderately in that 
the width increases with the radia l distance of the loop-top by a 
simple power s i gn i f i can t l y less than un i ty . I t was found that the 
exist ing models, incluaing the compressive wave model and the se l f -
similar so lut ions, cannot reproduce th is quant i ta t ive behavior of the 
loop width. In each case, the model predicts a broadening with a 
power index greater than un i t y . 

3. Conclusion 

Let me point out a few prospects for the fu tu re . There is need 
to compare the d i f fe ren t data sets and resolve discrepancies such as 
the d i f fe ren t rates observed by the P-78 and SMM coronagraphs for the 
1980 solar maximum. The fate of the mass e ject ion in interplanetary 
space is not well understood and a lo t needs to be done. Interest ing 
theoret ical developments can be expected, to explore a var iety of 
ideas and to test them with observation. From a general astrophysical 
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point ot view, coronal mass ejections are one ot many examples of a 
common phenomenon in which a magnetized plasma is expelled out of a 
gravitational well. In the case of the coronal mass ejections, the 
proximity of tne Sun makes it possible to gather a wealth of informa­
tion about them, ana the prospect is there to raise and address 
interesting questions having a depth not usually possible in other 
areas of astrophysics. 

1 thank Art Hundhausen for helpful comments. 
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