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A B S T R A C T 

It is shown that proton flares and loop-prominence systems form in the same type of active regions. 
Quite often both these phenomena appear simultaneously, but there are a l so many cases, when only 
the proton flare or only the loop-prominence system fully develops. The proton-flare active regions 
are not randomly distributed on the solar disk, but they tend to occur in complexes of activity which 
stay on the solar surface for many months and even years. Attention is called to the peculiar clustering 
of proton-flare regions o n the Southern hemisphere, where two sources of activity, at a longitudinal 
distance of about 180°, seemed to move on the solar disk between 1956 and 1962 opposite to the 
solar rotation, shifting in the longitude at about 70 heliographic degrees per 10 solar rotations. 

In m y c o n t r i b u t i o n , I w o u l d l ike t o d iscuss very briefly t w o p r o b l e m s - t h e o c 
cu r r ence of l o o p - p r o m i n e n c e sys t ems in ac t ive r e g i o n s w h i c h p r o d u c e p r o t o n flares, 
a n d t h e o c c u r r e n c e o f such p ro ton - f l a r e ac t ive r e g i o n s in c o m p l e x e s of act ivi ty . 

I n 1964, B ruzek ca l led a t t e n t i o n t o t h e fac t t h a t all l o o p - p r o m i n e n c e sys tems 
obse rved o n t h e d i sk w e r e a s soc i a t ed wi th p r o t o n flares, a n d h e c o n c l u d e d t h a t th is 
a s soc ia t ion o f l o o p - p r o m i n e n c e sys tems wi th p r o t o n flares w a s a gene ra l c h a r a c t e r 
istic of t hese t w o ac t ive p h e n o m e n a (Bruzek , 1964). 

W e h a v e t r ied t o verify th i s c o n c l u s i o n of B r u z e k us ing t h e c a t a l o g u e of flares 
a s soc ia t ed w i t h t y p e - I V r a d i o b u r s t s p r e p a r e d b y O l m r a n d mysel f (1966). T h i s 
c a t a l o g u e , c o n t a i n i n g 174 even t s , c a n a l so be c o n s i d e r e d for a list o f p r o t o n flares 
wh ich a p p e a r e d o n t h e S u n f r o m 1956 t o 1963, a n d we c o m p a r e d it w i th 65 l o o p -
p r o m i n e n c e sys t em o c c u r r e n c e s , t a k e n f r o m lists p r e p a r e d b y B r u z e k (1964) a n d 
Kleczek (1967) . W e h a v e verified t h a t all 24 l o o p - p r o m i n e n c e sys t ems obse rved o n 
t h e d isk were p r e c e d e d b y p r o t o n flares l is ted in t h e c a t a l o g u e , in full a g r e e m e n t wi th 
B r u z e k ' s resu l t s . O f c o u r s e , o n e m u s t n o t forge t t h a t B r u z e k t r i ed t o f ind l o o p p r o m i 
nences in th is t y p e o f flares a n d , the re fo re , he m i g h t p e r h a p s h a v e mi s sed s o m e o t h e r 
even ts . F o r t h e l i m b - p r o m i n e n c e sys tems t h e s i t u a t i o n is q u i t e different . O n l y 9 even t s 
of t h e 40 obse rved l i m b sys t ems were c lear ly p r e c e d e d b y p r o t o n flares. I t is t r u e t h a t , 
d u e t o t h e d i r ec t i ona l sens i t iv i ty a t l o n g wave l eng th s , t h e classif icat ion of type- IV 
b u r s t s for flares c lose t o t h e l i m b is difficult, b u t o n e c a n h a r d l y bel ieve t h a t we c o u l d 
h a v e missed 31 t y p e - I V b u r s t s o u t of t h e t o t a l n u m b e r of 40 . A n d th i s is a l so s u p 
p o r t e d by t h e fact t h a t 14 even t s of these l o o p - p r o m i n e n c e sys t ems w e r e obse rved o n 
the W e s t e r n so la r l i m b w i t h o u t a n y P C A effect, w h i c h a c c o m p a n i e s t h e p r o t o n flares 
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c lose t o t h e W e s t e r n so l a r l i m b in a b o u t 8 0 % of t h e cases ( F r i t z o v a a n d Svestka, 1966). 
F ina l ly , F igu re 1 p r e s e n t s a p r o o f t h a t l o o p - p r o m i n e n c e sys tems need n o t b e 

necessar i ly a s soc ia ted w i t h p r o t o n flares. I t s h o w s l o o p p r o m i n e n c e s a c c o m p a n y i n g 
t h e flare of Ju ly 9, 1966, w h i c h w a s n o p r o t o n flare - n o par t i c les were obse rved in 
t h e space - b u t i t f o r m e d in t h e s a m e ac t ive reg ion as t h e p r o t o n flare of Ju ly 7, s tud ied 
in de ta i l in t h e P r o t o n F l a r e P ro jec t . 

F I G . 1. Loop prominences following the flare of August 9, 1966 (picture taken by B. Valnicek at 
Ondfejov at 5h51m UT). 

There fo re , we h a v e t o c o n c l u d e t h a t , in fact , l o o p - p r o m i n e n c e sys t ems a l so o c c u r 
w i t h o u t a n y s i m u l t a n e o u s p r o t o n - f l a r e a p p e a r a n c e . Bu t we a l so h a v e f o u n d - a n d 
th i s , I t h i n k , is i m p o r t a n t - t h a t t h e vas t ma jo r i t y of l i m b - p r o m i n e n c e sys tems , even 
if n o t d i rec t ly c o n n e c t e d wi th p r o t o n flares, a p p e a r in ac t ive r eg ions , w h i c h p r o d u c e 
p r o t o n flares o n t h e S u n . 

W h e n p r e p a r i n g a n o t h e r r e p o r t , for t h e C O S P A R m e e t i n g in L o n d o n in Ju ly 1967, 
w e h a v e s tud ied t h e d e v e l o p m e n t of these p ro ton - f l a r e r eg ions , a c c o r d i n g t o t he 
M c M a t h classif icat ion a s p u b l i s h e d in t h e C o m p i l a t i o n o f S o l a r - G e o p h y s i c a l D a t a 
(Svestka, 1968). T h a t is, we h a v e fo l lowed e a c h act ive r eg ion f r o m i ts first a p p e a r a n c e 
o n t h e so la r d isk , t h r o u g h t h e s u b s e q u e n t so la r r o t a t i o n s , u p t o i ts final decay a n d 
d i s a p p e a r a n c e ; a n d we h a v e p l o t t e d t h e d e v e l o p m e n t in a g r a p h , wh ich is s h o w n in 
F i g u r e 2. T h e left p a r t refers t o t h e N o r t h e r n , t h e r igh t p a r t t o t h e S o u t h e r n solar 
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F I G . 2. Longitudes on the Sun occupied by proton-flare active regions. For details see text. 
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h e m i s p h e r e . Bar t e l s ' so l a r r o t a t i o n p e r i o d s a r e p l o t t e d o n t h e h o r i z o n t a l axis a n d 
t h e s u b s e q u e n t so la r r o t a t i o n s o n t h e ver t ica l o n e . T h e d a s h e d a r e a s s h o w t h e a r ea s 
o n t h e S u n occup ied b y t h e p r o t o n - f l a r e ac t ive r eg ions a n d t h e circles s h o w t h e 
r o t a t i o n s , w h e n p r o t o n flares were ac tua l ly obse rved o n t h e visible h e m i s p h e r e of the 
s o l a r d isk . 

W e obse rve t h a t t h e ac t ive r eg ions p r o d u c i n g p r o t o n flares a r e n o t r a n d o m l y 
d i s t r i b u t e d o n t h e so la r d i sk , b u t t h e y t e n d t o o c c u r in c o m p l e x e s of ac t iv i ty , wh ich 
s t ay o n t h e so la r sur face for m a n y m o n t h s , a n d in s o m e cases even for several yea r s . 

T h e l o o p - p r o m i n e n c e sys t ems w e r e obse rved in 41 different ac t ive r e g i o n s a n d these 
a r e m a r k e d in F i g u r e 2 b y t r i ang le s . W e find t h a t a b o u t 7 0 % of l o o p - p r o m i n e n c e 
sys t ems a p p e a r e d in ac t ive r eg ions , w h i c h p r o d u c e d p r o t o n flares d u r i n g t h e s a m e 
t r a n s i t of t h e r eg ion ove r t h e vis ible s o l a r h e m i s p h e r e . A n d t h e o v e r w h e l m i n g ma jo r i ty 
of t h e o t h e r even t s o c c u r r e d in c e n t r e s loca ted in t h e s a m e c o m p l e x e s of ac t iv i ty o r 
ve ry c lose t o t h e m . I t is c l ea r t h a t we surely miss s o m e p r o t o n flares a n d s o m e of 
t h e m a l so a p p e a r o n t h e invis ib le so l a r h e m i s p h e r e so t h a t o n e c a n bel ieve t h a t these 
l o o p - p r o m i n e n c e sys tems , t o o , f o r m e d in ac t ive r eg ions c a p a b l e of p r o d u c i n g p r o t o n 
flares. T h e r e a r e on ly very few even t s ou t s ide t h e c o m p l e x e s , b u t even these lie in 
h e l i o g r a p h i c l o n g i t u d e s in w h i c h t h e c o m p l e x e s f o r m . 

T h e r e f o r e , we c a n c o n c l u d e t h a t p r o t o n flares a n d l o o p - p r o m i n e n c e sys tems fo rm 
in t h e s a m e t y p e of ac t ive r e g i o n s . O b v i o u s l y , t h e p a r t i c u l a r con f igu ra t i on of t he 
m a g n e t i c field c h a r a c t e r i z i n g t h e p ro ton - f l a r e r eg ions , is t h e necessa ry c o n d i t i o n for 
t h e f o r m a t i o n of b o t h these ac t ive p h e n o m e n a , p r o t o n flares a n d l o o p - p r o m i n e n c e 
sys t ems . M a n y t imes b o t h t he se p h e n o m e n a a p p e a r s i m u l t a n e o u s l y , b u t t h e r e a r e a l so 
m a n y cases w h e n on ly t h e p r o t o n flare o r on ly t h e l o o p - p r o m i n e n c e sys tem fully 
d e v e l o p s . 

T h i s m e a n s t h a t a n y o b s e r v a t i o n of l o o p - p r o m i n e n c e sys t ems o n t h e so la r l i m b 
m u s t b e c o n s i d e r e d a ve ry s t r o n g i n d i c a t i o n t h a t t h e a s soc i a t ed ac t ive r eg ion is c a p a b l e 
of p r o d u c i n g p r o t o n flares d u r i n g its t r ans i t ove r t h e so l a r d i sk , w h i c h c a n well be 
u s e d for p ro ton- f l a re fo recas t s . 

I n t h e s econd p a r t o f m y t a lk I w o u l d l ike t o cal l y o u r a t t e n t i o n t o t h e d i s t r i b u t i o n 
o f t h e c o m p l e x e s of ac t iv i ty s h o w n in F i g u r e 2. S o m e t i m e a g o , W a r w i c k (1965) f o u n d 
a g r o u p i n g of p ro ton - f l a r e r e g i o n s in he l i og raph ic l o n g i t u d e . T h e l ine d r a w n in 
F i g u r e 2 s h o w s o n e of t h e l o n g i t u d e s (330°) , for wh ich W a r w i c k f o u n d t h e m a x i m u m 
p ro ton - f l a r e o c c u r r e n c e . I t c o r r e s p o n d s wi th t h e g r e a t c o m p l e x of ac t iv i ty of 1957 t o 
1960, b u t genera l ly , p a r t i c u l a r l y o n t h e S o u t h e r n h e m i s p h e r e , such a t e n d e n c y of a 
g r o u p i n g in p resc r ibed h e l i o g r a p h i c l o n g i t u d e s is qu i t e sma l l . 

I w o u l d l ike t o e m p h a s i z e , h o w e v e r , t h e pecu l i a r c lu s t e r ing o f p ro ton - f l a r e r eg ions 
in t h e S o u t h e r n h e m i s p h e r e . T h e r e seem to be t w o sou rces of ac t iv i ty , a t a l o n g i t u d i n a l 
d i s t a n c e of a b o u t 180°, in a g r e e m e n t w i th W a r w i c k ' s c o n c l u s i o n , w h i c h , h o w e v e r , 
m o v e o n t h e so la r d isk in t h e d i r ec t i on o p p o s i t e t o t h e so l a r r o t a t i o n . I f we unfo ld 
t h e d i a g r a m in several s u b s e q u e n t r o t a t i o n s , we c a n fol low these t w o ac t ive a r e a s in 
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t h e S o u t h e r n h e m i s p h e r e f rom 1956 to 1962 ( F i g u r e 3) . If th i s w e r e a real effect, it 
w o u l d s h o w t h a t t h e r e were t w o sources of ac t iv i ty in t h e S o u t h e r n h e m i s p h e r e , 
wh ich r o t a t e d m o r e s lowly t h a n p h e n o m e n a visible on t he s o l a r sur face , shif t ing in 
t h e l ong i tude a t a b o u t 70 h e l i o g r a p h i c degrees p e r 10 so la r r o t a t i o n s . W h e n l o o k i n g 

F I G . 3. The right part of Figure 2 (the Southern hemisphere) unfolded in several subsequent 
rotations. It shows a shift of two active longitudes in the Southern hemisphere from 1956 to 1962. 

a t t h e d i a g r a m , it is c l ea r t h a t as s o o n as a n act ive r eg ion f o r m s in t h e so la r a t m o s 
phe r i c layers , it r o t a t e s w i t h t h e n o r m a l veloci ty of t he so la r r o t a t i o n ( o n e can see t h e 
ver t ica l c o l u m n s ) ; b u t en t i re ly n e w act ive r eg ions o r n e w c o m p l e x e s o f act ivi ty a lways 
f o r m in shifted pos i t i ons , in a c c o r d a n c e wi th t h e pos i t i on of t h e s o u r c e of act ivi ty 
wh ich r o t a t e s s lower . 

It seems t h a t th is shift, if p r o v e d rea l , m i g h t give us s o m e i n f o r m a t i o n on t h e 
va r i a t i on of t he r a t e of so la r r o t a t i o n wi th t h e d e p t h . 
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D I S C U S S I O N 

Bruzek: I completely agree with your results on the relation between LPS and proton flares. In 
my paper in / . geophys. Res. (69, 1964,2386) * I showed only that almost all PC A effects were preceded 
by flares with LPS. From the tables given in Astrophys. J. ( 140 ,1964 , 747)** you notice that a part 
only of the LPS-flares was followed by proton events. 

On the other hand, we have to be cautious when stating that a certain solar event did not emit 
particles because it can happen that - due to unfavorable propagation conditions - emitted particles 
could not arrive at the Earth. Even when using type-IV bursts as indicators for proton flares we have 
to keep in mind that type-IV bursts are less observable from flares occurring near the Sun's limb. 

Svestka: I agree that some type-IV bursts close to the l imb can be missed. But 14 loop-prominence 
systems on the West limb without any subsequent P C A s e e m to prove that there exist loop-prominence 
systems which are not directly associated with proton flares. 

Kundu: (1) D o the loop prominences you mentioned occur before, during, or after the proton 
flares? (2) If they occur simultaneously, then the situation seems to be a little confused, because if I 
remember correctly, Drs. Jefferies and Orrall presented a paper in 1963 saying that loop prominences 
usually occur after proton flares. Indeed it has been suggested from time to time that these loop 
prominences act as storage regions of protons which continue to produce polar-cap absorption for 
several days after the start of the event. 

Svestka: According to D r Bruzek, the loop prominences probably form at the same time as the 
proton flare but one can usually observe them only several tens of minutes later. 

Jefferies: In reply to a comment by Kundu, Dr . Kundu is quite correct. Dr . Orrall and I, in 1963, 
drew attention to the close association between loop prominences, type-IV bursts and proton flares. 
We found the loops to form after the proton flares (typically 30 min later). We interpreted our results 
as indicating that loop prominences were a manifestation of fast particles stored in the corona and 
placed there as a result of the flare. Our results were based on a small sample (about 8 cases). Bruzek, 
from a study of about 50 events, subsequently confirmed our basic conclusions. 

* 'Optical Characteristics of Cosmic Ray and Proton Flares'. 
** 'On the Association between Loop Prominences and Flares' 
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