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A B S T R A C T 

The magnetic model of a proton flare is discussed, in agreement with the known characteristic 
features of proton-flare development, on the basis of the interaction of an emerging magnetic channel 
from the photosphere, and its being wedged into the field of an already existing interaction of two 
systems of magnetic fields of a complex active region with spots. This explains the origin of the two 
emission filaments following the splitting and of the 'annular' emission filament, entering the corona, 
connected by a fine loop structure with two split filaments in the chromosphere. The acceleration of 
particles and their ejection will take place in a number of created 'zero line' spaces and in spaces where 
magnetic lines of force are reconnected. 

An attempt is made to explain some Ha phenomena in connection with proton flares, by means of 
interactions of magnetic fields in the chromosphere and in the lower corona. 

1. Characteristic Features of Proton Flares 

W e k n o w the fo l lowing typ ica l cha rac te r i s t i c fea tures of p ro ton- f l a res deve lop 

m e n t : 

(1) P r o t o n flares o c c u r in g r o u p s of ce r t a in types of s p o t s a l o n g a ' m a g n e t i c ax is ' o n 

t h e b o u n d a r y of t h e m a g n e t i c field of s p o t s po la r i t i e s ( B u m b a , 1958 ; El l i son et al., 
1961) in c o m p l e x mu l t i - po l e m a g n e t i c sys tems, especial ly in t h e case of a n in te rac t ion 

of t w o or m o r e g r o u p s of s p o t s a n d the i r m a g n e t i c fields ( A n t a l o v a , 1967). 

(2) A t r ans i en t o c c u r r e n c e of a cha rac te r i s t i c Y - t y p e p h a s e in t h e pe r iod of a n 

e x p a n d i n g flare p h a s e ( K r i v s k y , 1963a, b) a n d t h e a p p e a r a n c e of a ' c h a n n e l ' f rom t w o 

o r m o r e r o u g h l y pa ra l l e l emis s ion f i laments (El l ison et al, 1 9 6 1 ; K r i v s k y , 1963ft). 

(3) O n e of t h e flare filaments is usua l ly a s t a t i o n a r y o n e , t he s econd filament shows , 

w i th flares o n t h e disc , a t a n g e n t i a l c o m p o n e n t of m o v e m e n t , a n d , in real i ty , a scends 

a t a s l an t ing ang le ( K r i v s k y , 1963ft, 1964). 

(4) T h e m o v i n g emis s ion filament c a n concea l for a t r a n s i e n t p e r i o d by i ts m o v e m e n t 

even large spo t s in t h e g r o u p , a t t a i n s in t h e in i t ia l s tage , t h a t is d u r i n g t h e d i s r u p t i o n 

of t h e Y - p h a s e , a ve loci ty of 10 -20 k m / s e c , i ts veloci ty t h e n falls d o w n t o a few k m / 

sec, a n d finally s t o p s a l t o g e t h e r ( K r i v s k y , 1963ft). 

(5) T h e e m e r g i n g emis s ion filament in H a h a s a n a n n u l a r s t r u c t u r e , is no t i ceab le even 

in p ro jec t ions o n t o t h e d i sk , a n d is t h e first t ype of a fine l o o p s t r u c t u r e . W h e n emerg ing 

a b o v e the l imb the filament ac ts as a n in tens ive r i ng - shaped c o r o n a l c o n d e n s a t i o n , 
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ev iden t in H a a n d in t h e F e x i v 5303 A a n d C a x v 5694 A lines (S lon im, 1963; 

W a l d m e i e r , 1960; Kr iv sky , 1968). 

(6) F r o m the o p e n i n g m o u t h of t h e flare ' c h a n n e l ' it is poss ib le t o no t i ce t h e p r o p 

a g a t i o n of a ' d i s t u r b a n c e ' in t h e fo rm of a b s o r p t i o n o r a l t e rna te ly a l so emiss ion 

t r aces over large d i s tances , o r a n a b s o r p t i o n filament emerges f rom t h e cana l . S o m e 

t i m e s it is ' l oose ' , s o m e t i m e s it is a n c h o r e d in the s h a p e of an a r c (Kr iv sky , 1963ft; 

K r i v s k y a n d N e s p o r , 1967). 

(7) T h e deve lop ing flare c h a n n e l s h o w s , especial ly in t h e la te r s tages of d e v e l o p m e n t , 

a filamentary s t ruc tu re , j o i n i n g b o t h t h e flare-emission filaments m o v i n g a p a r t f rom 

e a c h o t h e r ( second t ype of l o o p s t ruc tu re ) (Kr ivsky , 1968; Bruzek , 1964). 

(8) In t h e decl in ing s tage of t he flare ( fol lowing the m a x i m u m br igh tness ) large a rcs 

a n d loops , no t iceab le o n t h e d isk in t h e H a a b s o r p t i o n , a n d a b o v e t h e l i m b as large 

l o o p - t y p e p r o m i n e n c e s e i the r a p p e a r o r r enew the i r ac t iv i ty (Kleczek a n d Kr ivsky , 

1960). Th i s th i rd type of t he l o o p s t r u c t u r e is spat ia l ly t he largest a n d it a p p e a r s , t h a t 

t h e a n c h o r i n g of the sys tem of l o o p s need no t lead t o la rge spo t s in g r o u p s on e i ther 

s ide . 

(9) F u r t h e r c h a r a c t e r s typ ica l for flares wi th a powerfu l e ject ion of fast par t ic les 

were c o m p i l e d by Sves tka (1966) . T h e s e a r e especia l ly : flares wi th e ject ion of cosmic o r 

even s u b c o s m i c rays were obse rved in a n in tegra l l ight ( M c C r a c k e n , 1959), s o m e p a r t s 

of t h e flare-emission filaments t o u c h wi th the u m b r a of large spo t s ( D o d s o n a n d 

FIG. 1. (a) A new system of magnetic channel-tube with a considerable density of plasma energy Ei 
and magnetic energy Bz, identical with the flare-emission filament in Ha, emerges and is pushed between 
two large magnetic systems with an interaction region (with zero point No). It is a system with lines of 
force running in opposite direction as regards the higher placed, already created system. In the contact 
space of the opposite-directed magnetic fields there occurs the condensation and acceleration of plasma, 
and as a result, also an emission. Such spaces are dotted on the cross-section. The interconnection of 
magnetic lines will create roughly two systems of interaction. 

(b) A more detailed picture of a further stage of development in the space of a complex interaction. 
On the sides of the emerging canal two new spaces of interaction, Ni and N2 are created (in the cross-
section plane they are seen as points, in fact they are lines). This is a stage of splitting the filament of 
the flare in Ha into two filaments and at the same time the rise of an emerging annular system (rotor). 
The condensation and the acceleration of the plasma already takes place in the spaces of newly recon
nected lines of force (Syrovatskij, 1966,). These spaces can lie very close to the spots, which are iden
tical with the contact of the emission filaments of the flare in Ha and with some spots' umbrae. The 
arrows mark the directions of the principal plasma pressures and drifts. 

(c) If one of the original macrosystems, e.g. the one seen in the picture on the right-hand side, will 
comply with the inequality of E2 4 - # 2 < £ 3 + Bz, then the zero point N2 and the corresponding regions 
of reconnecting lines will be moved at a slanting angle into space above and behind the spot S 2 . This 
shifting is identical with the moving flare emission filament after this is separated. Moreover, a new 
emerging system of a sort of magnetic rotor is created in space with condensed plasma, which in some 
places can produce instabilities of various kinds connected with an exceptional acceleration of particles 
and their penetration into coronal and interplanetary space. The large arrows drawn in interrupted tines 
demonstrate the predominant resulting movement. 
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H e d e m a n , 1960), t he impu l s ive very h a r d X-emiss ion w a s r a d i a t e d in t he pe r iod of the 
Y - p h a s e (Kf ivsky in t h e p a p e r by Sves tka , 1966; Va ln icek , 1967). 

2. Magnet ic Model of a Proton Flare 

Sweet (1956) w a s t h e first t o c o n s i d e r t he pr inc ip le of t he i n t e r ac t i on of m a g n e t i c 
fields for t h e or ig in of flares in t h e space a b o v e the ac t ive a r ea s of g r o u p s . In fur ther 
w o r k s i t was p r o v e d t h a t s o m e flares, la ter s h o w n to be t he flares wi th eject ion of 
pa r t i c les (Kf ivsky , 1965, 1966), will occu r in c o n j u n c t i o n w i th t h e emergence of 
m a g n e t i c t u b e s f r o m t h e lower r eg ions i n t o t h e c h r o m o s p h e r e a n d t h e c o r o n a 
( S l o n i m , 1965; K a w a b a t a , 1966; S t u r r o c k , 1966; Ban in , 1967). I t w a s s ta ted ear l ier 
(Kf ivsky , 19636) t h a t t h e wal l s of t h e e m e r g i n g long a n d n a r r o w t u b e (channe l ) will 
b e iden t ica l w i th t h e flare's emi s s ion filaments. Syrova tsk i j (1966) asse r t s t h a t r ad i a 
t i o n , i.e. a visible flare, m i g h t o c c u r in spaces of s t r o n g c o n d e n s a t i o n of p l a s m a in a 
sys t em of a n i n t e r ac t i on of t w o m a g n e t i c fields a n d in spaces of r e c o n n e c t e d lines of 
force . 

D u e t o t he m e n t i o n e d obse rved facts , listed in p o i n t s ( l ) - ( 9 ) , we s u b m i t for d iscus
s ion t h e m o d e l of t h e m a g n e t i c field's i n t e rac t ion d u r i n g t h e or ig in a n d d e v e l o p m e n t 
of p r o t o n flare wi th ini t ia l p h a s e Y (Kf ivsky , 1963a) a n d wi th t h e fo l lowing p h a s e in 
t h e s h a p e of a c h a n n e l , ev iden t r o u g h l y f rom para l le l emiss ion filaments of t h e flare 
(E l l i son et al.9 1 9 6 1 ; R e i d , 1965). 

T h e new sys tem of a n a r r o w m a g n e t i c t u b e emerges f r o m t h e lower levels i n to a 
r eg ion of a n a l r eady exis t ing i n t e r ac t i on of t w o sys tems of m a g n e t i c fields (vert ical 
c ross -sec t ion in F igu re l a ) , t h e c o n s i d e r e d d i rec t ions of m a g n e t i c l ines o f forces a re 
i m p o r t a n t for t he or ig in of t h e ' z e ro p o i n t s ' (in fact , in space these a r e ' z e ro l ines ') a n d 
a r e m a r k e d wi th a r r o w s . T h e a r e a s of c o n d e n s a t i o n a n d acce le ra t ion of p l a s m a a re 
iden t i ca l wi th t he r a d i a t i o n ( l u m i n o u s reg ion) , a n d a r e d o t t e d . Th i s p rocess is iden
t ica l w i th t he or ig in of t h e l o n g n a r r o w - e m i s s i o n filament of t h e flare. Essent ia l ly , we 
a r e cons ide r ing t h e e m e r g i n g of t h e t u b e ' s m a g n e t i c sys tem in to t h e cen t r e of a sys tem 
of a s h a p e used by Wi ld (1963) . 

T h e e m e r g i n g m a g n e t i c t u b e ( channe l ) is fu r ther wedged a n d p u s h e d i n t o t he sys tem 
of a p r e c e d i n g l o n g e r - t e r m i n t e r a c t i o n , a c o m p l i c a t e d sys t em of i n t e r a c t i o n a n d t h e 
a p p e a r a n c e of ' ze ro p o i n t s ' t a k e s p l ace as s h o w n in F i g u r e l b . 

T h e t u b e walls w o u l d e x p a n d in a d i r ec t ion w h e r e t h e dens i ty of t h e k ine t ic energy 
o f p l a s m a E a n d m a g n e t i c field B is lower t h a n the dens i ty o f t h e p l a s m a ene rgy a n d 
of t h e field in t h e space of t h e n e w emerg ing t u b e . I n th is way , t h e emiss ion filaments 
w o u l d m o v e e i ther in o n e o r o t h e r d i rec t ion , w h e r e t he f o r m u l a E{ 2 + B{ 2 < E3 + B3 

w o u l d be val id. T h e p r o c e s s w o u l d be ident ica l wi th t h e Y - s h a p e p h a s e a n d wi th t he 
a p p e a r a n c e of t w o emis s ion filaments. T h e i n t e r c o n n e c t i o n o f m a g n e t i c fields a n d 
t h e i r a n n i h i l a t i o n w o u l d lead a t t h e t o p of t h e a s c e n d i n g flare t u b e t o t h e or ig in of a 
n e w m a g n e t i c sys tem, r emin i scen t of a r o t a t o r y cyl inder ( F i g u r e l b , c) . T h i s p rocess 
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w o u l d be ident ica l w i th t he a p p e a r a n c e a n d emergence of t h e p e a k a n n u l a r emiss ion 
filament, as seen by t h e a u t h o r h imsel f m a n y t imes wi th these flares. 

T h e t r a n s p o r t of m a t e r i a l in H a w o u l d b e very c o m p l i c a t e d a n d w o u l d be subject 
to t he d i rec t ions of t h e i n t e r a c t i n g m a g n e t i c fields, a n d its ver t ical c ross -sec t ion wou ld 
resemble t he s h a p e 8 . T h e poss ibi l i ty of th is s h a p e was c o n s i d e r e d , b u t for o t h e r 
r easons , b y Ban in (1966) a n d , in a m o r e de ta i led m o d e l w i t h o u t t a k i n g in to a c c o u n t 
t h e in t e rac t ion of fields, b y K a w a b a t a (1966) . T h e a p p e a r a n c e of t h e t o p a n n u l a r r o t o r 
(which is ident ica l w i th t h e e m e r g i n g emiss ion filament a n d wi th c o n d e n s a t i o n u p to 
h igh a l t i tudes) w a s e x p l a i n e d b y K a w a b a t a as a resul t of a c lose , indef ined, t u r b u l e n t 
p rocess . 

D u r i n g t h e la ter d i s in t eg ra t ion of th is sys tem, as a resul t of t h e c o n v e r s i o n of a m a g 
net ic energy in to a n ene rgy of a n eject ion of par t ic les , a n d t h e r e s t o r a t i o n of t h e 
or ig ina l s h a p e of t h e fields in t h e h ighe r c h r o m o s p h e r e a n d t h e l ower c o r o n a , a sys tem 
of large spa t ia l l o o p s w o u l d be c rea ted (on the d isk of t h e a b s o r p t i o n a rcs a n d l o o p s 
emerg ing f rom t h e ' f lare c h a n n e l ' ) . T h e p rocess of c o n t r a c t i o n a n d c o n t r o l of dis
persed par t ic les by r e n e w e d m a g n e t i c l ines of a la rge spa t ia l c h a r a c t e r wou ld a l r eady 
be asser ted ( K r i v s k y a n d N e s p o r , 1967). Th i s p rocess , o c c u r r i n g after t he e x p a n d i n g 
p h a s e of t he flare a n d cove r ing the t ime per iod of t h e interf lare s tages agree wi th a 
m o d e l ske tched by C a r m i c h a e l (1964, Figs . 54-4 a n d 54-5). 

T h e acce le ra t ion o f pa r t i c les t o h igh veloci ty ( cosmic a n d s u b - c o s m i c rays) w o u l d 
t a k e p lace p r imar i l y in t h e ' z e ro l ines ' N spaces ( D u n g e y , 1956) a n d fur ther , in t he 
spaces of r e c o n n e c t i n g l ines of force ( S t u r r o c k , 1966; Syrova t sk i j , 1966). T h e i r escape 
i n t o space w o u l d o c c u r a t t h e beg inn ing of t h e s tage w h e n t h e new t u b e w o u l d be 
wedged a n d p u s h e d i n t o t h e p reced ing sys tem a n d t o t he c r e a t i o n of a n a scend ing 
a n n u l a r r is ing sys tem ( r o t o r ) . T h i s p h a s e of d e v e l o p m e n t is iden t ica l wi th t he p h a s e of 
a Y - s h a p e d flare a n d t h e sp l i t t ing of t h e c h a n n e l i n t o t he s h a p e of a n orifice in t h e 
pe r iod of t h e first m a x i m u m b u r s t on the r a d i o waves (Kr iv sky , 1963ft), a n d c a n s o m e 
t imes be a c c o m p a n i e d by effects in H a a n d in t he r a d i o spec t ra , wh ich ind ica te the 
evo lu t ion a n d the very fast p r o p a g a t i o n of shock waves (Wi ld , 1963). T h e m e c h a n i s m 
of Syrovatski j (1966) cou ld be cons ide red as a n acce le ra t ion a n d escape m e c h a n i s m 
for t h e par t ic les . 

T h e m o d e l p r e sen t ed he re is ba sed on t h e a s s u m p t i o n t h a t t w o m a i n n e u t r a l r eg ions , 
Nl a n d N2, h a v e b e e n f o r m e d . In t h e case w h e n a newly c r e a t e d r eg i o n of i n t e r ac t ion 
N3 occurs nea r t he t o p of a n e m e r g i n g m a g n e t i c t u b e , t w o ( ins tead of one) c losed 
m a g n e t i c cy l inders a r e f o r m e d . T h e s e cy l inders h a v e t o be c o n s i d e r e d reg ions whe re 
e x t r a o r d i n a r y dense c l o u d s of par t ic les (eventua l ly relat ivis t ic) t o g e t h e r w i th H M -
waves c a n b e c r ea t ed , t h e waves col l ide u n d e r v a r i o u s ang les . Rela t iv is t ic par t ic les 
s h o u l d r each the i r l a rges t energ ies a t t he beg inn ing of t h e qu i ck ly evo lv ing ' t e a r i n g ' 
p rocess m e n t i o n e d a b o v e , w h e n t h e g r ad i en t s of m a g n e t i c fields o n t h e reg ions of 
i n t e r ac t i on a r e e n o r m o u s a n d w h e n t h e t o t a l m a g n e t i c ene rgy invo lved in t he p rocess 
of conve r s ion t o t he k ine t ic ene rgy of par t ic les is still very l a rge . 
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