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Abstract. The Naval Research Laboratory's most recent Earth-orbiting coronagraph, called Solwind, has 
been observing the Sun's outer corona (2.6-10.0R| at 10-min intervals since March 28, 1979. These 
observations provide the first comprehensive view of coronal transients near the peak of a sunspot cycle. 
Six, well-defined transients in our quick-look data have masses ranging from 7 • 10 a4 g to 2 x 1016 g and 
outward speeds ranging from 150 km s -1 to 900 km s -1. These values are comparable to the ones that 
were obtained with the OSO-7 and Skylab observations during the declining phase of the last sunspot 
cycle. Although the amount of quick-look data is not sufficient to provide meaningful statistics, the 
coronal transients near sunspot maximum seem to occur with a greater frequency and a wider latitude 
range than the transients during the declining phase of the cycle. In both eras, there is a good, but 
imperfect, association between the occurrence of coronal transients and surface phenomena such as 
eruptive prominences and flares. 

1. Introduction 

T h e  first c o m p r e h e n s i v e  obse rva t ions  of co rona l  mass - e j ec t i on  t rans ien ts  were  

o b t a i n e d  with the  O S O - 7  and  Skylab  co ronag raphs  dur ing  the  dec l in ing  phase  of the  

last  sunspo t  cycle ( H o w a r d  et al., 1975;  H i ldne r ,  1977;  M u n r o  et al., 1979) .  The  
masses  r a n g e d  f rom i x 1015 g to 2.4 x 1016 g and  the  o u t w a r d  speeds  (in the  p l ane  of 

the  sky) r anged  f rom 100 k m  s -1 to 960 k m  s -a (Hi ldner ,  1977). The  Skylab  mass  

e jec t ions  occu r red  at re la t ive ly  low la t i tudes  with only  10% c e n t e r e d  a b o v e  30 ~ and  

none  a b o v e  50 ~ (Munro  et al., 1979). The  shapes  of these  co rona l  mass  e jec t ions  were  

d i s t r ibu ted  as fol lows:  33%-1oops ,  25% -c louds  or  b lobs ,  and  4 2 % - m i s c e l l a n e o u s .  

D u r i n g  the  Skylab  miss ion (May 1 9 7 3 - F e b r u a r y  1974), corona l  mass  e jec t ions  were  

o b s e r v e d  on the  ave rage  of once  eve ry  th ree  days ,  and  of these  o b s e r v e d  t rans ients  

only  44 % were  assoc ia ted  with def ini te  or  p r o b a b l e  H a  p h e n o m e n a  such as e rup t ive  

p r o m i n e n c e s  or  flares (Munro  et al., 1979). 

The  p u r p o s e  of this  p a p e r  is to p re sen t  some  obse rva t ions  of co rona l  mass  

e jec t ions  nea r  the  p e a k  of the  cu r ren t  sunspot  cycle, and  to c o m p a r e  these  new 

obse rva t ions  wi th  the  ones  o b t a i n e d  dur ing  the  dec l in ing  phase  of the  pas t  cycle.  In  

Sect ion  2 we shall  desc r ibe  br ief ly  the  source  and abso lu te  ca l ib ra t ion  of the  Solwind  

data .  In  Sect ion  3 we shall  cha rac te r i ze  the  mass  e jec t ions  tha t  we have  seen  in our  

p r e l i m i n a r y  s amp le  of q u i c k - l o o k  d a t a  nea r  sunspo t  m a x i m u m .  Fina l ly ,  in Sec t ion  4 

we will c o m p a r e  the  charac ter i s t ics  of these  t rans ien ts  with the  mass  e jec t ions  tha t  

were  o b s e r v e d  dur ing  the  dec l in ing  phase  of the  last  cycle and  cons ider  br ief ly  some  

of the  impl ica t ions  of this compar i son .  
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2. The Source and Calibration of Coronal Images 

Our study is based on coronal images that were obtained with the NRL white 
light coronagraph on the U.S. Department of Defense Space Test Program 
Satellite P78-1 (cf. Michels et aL, 1980a, b; Sheeley et al., 1980a, b; Koomen 
et al., 1980). This instrument is similar to the one described by Koomen et al. 

(1975) who observed the corona in 1971-1974 during the declining phase of the 
last sunspot cycle. 

However, the new experiment has several advantages over the old one. First, its 
field of view is somewhat larger (2.6-10.0R| compared to 3.0-10.0R| Second, its 
net signal-to-noise ratio is greater (by an amount that we have not yet measured) due 
to the use of an improved vidicon detector. Third, its duty cycle is much greater 
(full-field images at 10-min intervals during the sunlit portion of each satellite orbit 
compared to one to four full-field images per day). 

Our calibration technique was similar to the one that Koomen et a l. (1975) used for 
the OSO-7 coronal images. In their technique, the telescope imaged a known, 
uniformly illuminated surface onto the focal plane detector. Then a series of 
calibrated, evaporated metal, neutral density filters was introduced and the 
responses of each of the 256x256 detector pixels was recorded. In this way 
the effects of telescope vignetting and vidicon sensitivity were combined into a 
single calibration. 

The final absolute calibration was determined by matching the observed K + F  
background coronal intensity (away from streamers) to the K + F coronal intensity 
that Allen (1955) tabulated for sunspot maximum. In practice, we were able to match 
the K + F intensities within a few percent. However, even such small uncertainties in 
the K + F  intensity introduce relatively large errors into the calibration of the K 
coronal intensity because the K-component constitutes a relatively small portion of 
the total intensity at the radial distances in our 2.6-10.0R| field of view. Thus, when 
Allen's (1955) tabulated F coronal intensities were subtracted from our calibrated 
K + F measurements, the results differed from Allen's tabulated K coronal intensi- 
ties by as much as 40% in the range 2.6-6.0R| 

Using the independent measurements of concentric and radial polarization 
contained in each image (cf. Koomen et al., 1975), we were able to determine the 
location of transients with respect to the plane of the sky. As discussed by Koomen et 

al. (1975) and shown explicitly in Figure 1 for our observations, a scan along a given 
radial direction starting at the 2.6R| edge of the occulting disk gives the tangential 
component, Bt, of coronal intensity until the inner edge of the radial polarizer is 
encountered near 5R| Proceeding outward across the radial polarizer, the scan 
gives the radial component, Br, of coronal intensity. Beyond approximately 6R | the 
scan gives the tangential component again. Thus, referring to Figure 1, at the 
midpoint of the radial polarizer one obtains Br directly (indicated by crosses in 
Figure 1) and Bt indirectly by interpolating the tangential measurements across the 
radial polarizer (the dashed curve in Figure 1). Then, removing the F-component of 
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Fig. 1. Coronal intensity as a function of radial distance in the coronagraph's field of view. Open circles 
refer to the tangential component,  Bt, and crosses refer to the radial component,  B,, of coronal intensity. 
The dashed line is an interpolation of the measurements of tangentially polarized radiation. B e  is the 

mean solar brightness as defined by Allen (1955). 

intensity from Bt and B,, one obtains the polarization of the K-component from the 
expression 

(Bt - -  F) - (Br - -  F) Bt - B, 
( B t - F ) + ( B , - F )  B , + B ~ - 2 F '  

where F is the intensity of the F-component. Finally, the angular location of the 
coronal structure relative to the plane of the sky is determined from the well-known 
relation between polarization, radial distance, and angle from the plane of the sky (cf. 
Poland and Munro, 1976). Of course, this interpolation is based on the assumption 
that the coronal feature extends across the radial polarizer in a direction that does not 
vary with its distance from the Sun. 
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3. Observations and Measurements 

Although the extensive observational coverage of the Solwind satellite has undoub- 
tedly produced a vast source of data on coronal mass ejections near sunspot 
maximum, to date we have received only a small sample (less than 5 %) of quick-look 
data from the Air Force. In this section, we shall describe the characteristics of the 
six, well-defined coronal mass ejections of which we were aware at the time of this 
study. (We have found several more mass ejections since the preparation of this 
paper.) 

Figure 2 shows each of the transients that we have studied. In each case solar north 
is up and east is to the left. Each photograph is a difference image obtained by 
subtracting a pre-transient image from the image in which the transient is in progress. 
The two events on May 8 and the event on September 27 seem to be shaped like 
loops. The August 14 transient may also fall in this category. The June 5 event has a 
poorly defined shape, but part of this confusion may result from obscuration by the 
occulter support which is located approximately 5 ~ south of east. The May 7 transient 
had a 3-pronged shape. 

Table I summarizes several characteristics of these transients. The outward speeds 
(in the plane of the sky) range from 150 km s -1 to 900 km s -1, and the increased 

MAY 7, '79  MAY 8, '79 MAY 8, '79 
2022  UT 0716 UT 1205 UT 

dUNE 5 , ' 7 9  AUG 14, '79 SEPT 27,'79 
0 6 5 8  UT 1337 UT 2 0 4 9  UT 

F~g. 2. The  six transients that  we have studied in our  quick-look data. Each picture is a difference image 
obtained by subtracting a pre- transient  image from the image at the indicated time. In each case, solar 

north is up and east is to the  left. The  white area indicates the  size of the photospheric  disk. 
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TABLE I 

Transient characteristics 

Date Mass S p e e d  Limb Plane-of-sky Association Type 
(1015g) (kms -1) position angle 

May 7 10 
May 8 0.7 
May 8 8 
June 5 10 
Aug. 14 20 
Sept. 27 2.5 

150 40 N-W 0 EPL 
450 05 S-W 0 - -  
500 35 S-W 0 EPL 
500 60N-E* 20 metric burst 
900 20 S-E 25 flare 
- 80 N-W 20 - 

3-prong 
faint loop 
loop 
cloud 
loop or cloud 
loop 

* Most of the 
emission may 
approximately 

observed emission occured between 40 o and 60~ latitude, but some fainter 
have been obscured by the occulter support whose center was located at 
5 ~ S latitude on June 5. 

masses in our 2.6-10.0R| field of view range f rom 7 x 1014 g to 2 x 1016 g. These 

transients are centered at latitudes that range from 5 ~ to 80 ~ from the Sun's equator.  
Two of these transients were associated with eruptive prominences (without repor-  

ted H a  flares) and one of the transients was associated with a typical large, 
long-duration X-ray flare complete with eruptive prominence and post-flare loops. 
Like similar events during the Skylab mission (Sheeley et al., 1975), this August  14, 

1979 transient had only a modest  H a  flare signature (1B or 1N). Nevertheless, it 

involved more mass and a higher speed than any other transient in Table I. 

In Table I, the plane-of- the-sky angles are very uncertain. As we have ment ioned 
earlier, they were derived f rom polarization measurements  together with a know- 
ledge of the way in which polarization depends on the plane-of- the-sky angle. For 
angles less than 25 ~ this function is so slowly-varying (cf. Poland and Munro,  1976) 

that one cannot easily distinguish plane-of- the-sky angles using polarization 
measurements .  Thus, the angles listed in Table I indicate only that all of the 
transients lay close to the plane of the sky and that the last three events may have 
been slightly further f rom the plane than the first three. 

In Table I, half of the transients were not associated with observed surface 

phenomena  such as flares or eruptive prominences.  In part,  this imperfect  association 
may result f rom data gaps in the N O A A  patrol observations that we used to search 
for associations, and in part  it may result f rom events that occurred on the backside of 
the Sun. 

Although we have identified only six (now 10-15) mass ejections in our limited 
quick-look data, three (now four) of them occurred in a single, 24-hour  interval when 
nearly continuous coverage was available (May 7-8). At  this time, the sunspot 
number  was approximately 150 (Lincoln, 1979) which is much greater  than the 
average value of 50 that occurred during the OSO-7 and Skylab missions, but which 
is less than the values of 200-300 that have sometimes occurred during Sep tember -  
December  1979. Thus, our quick-look data are consistent with Hildner 's  (1977) 
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prediction that mass ejections might occur as frequently as three per day during 
sunspot maximum, but the final confirmation must await the receipt of the vast 
majority of our coronal observations. 

4. Discussion 

Based on our limited sample of quick-look data, it appears that the masses, speeds, 
shapes, and surface associations of coronal transients do not change significantly 
from the declining phase of the sunspot cycle to the peak of the cycle. We obtained 
masses in the range 7 • 1014-2 • 1016 g with an average value of 8.5 x 1015 g, whereas 

Hildner (1977) reported masses in the range 1 • 1015-2.4 • 1016 g with an average of 
6.2 x 1015 g. Similarly, our range of speeds (150-900 km s -1) does not differ appre- 
ciably from Hildner's (1977) range (100-960 km s-l). During each era, approxi- 
mately one-half of the observed mass ejections were associated with definite or 
probable Hoz phenomena such as flares or eruptive prominences. Significantly, in 
each era the fastest and most massive coronal ejection was associated with a large 
X-ray flare. During the declining phase of the cycle, 33% of the observed mass 

ejections were classified as loops wheras 50% of our six tabulated events can be 
classified as loops. 

On the o therhand,  the latitude distribution and, apparently, the occurrence rate of 
coronal mass ejections change significantly from the declining phase of the sunspot 
cycle to the peak of the cycle. Although Munro et al. (1979) found that only 10% of 
the Skylab mass ejections were centered above 30 ~ latitude (and none above 50~ 
three of our six events were centered above 35 ~ and one of these transients was 

centered within approximately 10 ~ of the north pole. Our sample of quick-look data 
is consistent with Hildner's (1977) prediction of three transients per day at sunspot 
maximum (compared to one per day during the Skylab mission). (Hildner's estimate 
of one transient per day during the Skylab mission was based on an observed average 
of one transient every three days and a duty cycle of approximately 30% .) Neverthe- 
less, the sample is still too limited to provide a statistically significant confirmation. 

These results have several implications. First, the coronal mass ejection 
mechanism is essentially unchanged throughout the sunspot cycle, but it probably 
occurs more frequently near sunspot maximum than near minimum. Second, the fact 
that coronal mass ejections have a broader  latitude distribution than active regions 
suggests that either some of the ejections are not associated with active regions or 
some ejections are strongly non-radial or both. Indeed, one might suppose that near 
sunspot maximum some high latitude coronal mass ejections might be associated 
with the eruption of polar prominences (cf. Sheeley et al., 1980c). Furthermore,  if 
there were a tendency for the Sun's polar fields to deflect expelled coronal material 
toward the ecliptic near sunspot minimum (Hildner, 1977), then this tendency should 
be absent or even reversed near sunspot maximum when the polar fields are weak 
and the large scale fields are centered at lower latitudes. Third, the net mass flux from 
coronal transients is greater near sunspot maximum than near sunspot minimum, 



C O R O N A L  T R A N S I E N T S  N E A R  S U N S P O T  M A X I M U M  175 

espec ia l ly  at  l a t i tudes  p o l e w a r d  of 3 5 ~ W h e n  we have  r ece ived  the  r e m a i n d e r  of our  

da ta ,  it  will be  in te res t ing  to m e a s u r e  the  ne t  mass  flux f rom corona l  t rans ien ts  and  to 

c o m p a r e  it wi th  the  in-ec l ip t ic  mass  flux in the  so lar  wind  as H i l d n e r  (1977) d id  for  

the  Sky lab  era.  
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