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1. Acceleration of Particles in Flares 

A solar flare has va r ious a s p e c t s : t h e optical flare is often assoc ia ted w i th emiss ions 

in t h e m i c r o w a v e o r X - r a y r e g i o n s : th i s ind ica tes t h e o c c u r r e n c e of a h ighly excited 

p l a s m a , wh ich we call t h e high-energy flare plasma. T h e exis tence of t he h igh-energy 

flare p l a s m a w a s first s h o w n by r a d i o o b s e r v a t i o n s in t h e m i c r o w a v e reg ions ( H a c h e n -

be rg ) a n d la ter conf i rmed by X - r a y o b s e r v a t i o n s in t h e ene rgy r a n g e 1 0 2 - 1 0 6 eV. 

T h e p ic tu re t h a t is g r a d u a l l y e m e r g i n g f rom the va r ious k i n d s of o b s e r v a t i o n s of 

flares a n d flare-associated p h e n o m e n a is t h a t d u r i n g t h e very first p h a s e of so lar 

flares par t ic les a re acce le ra ted t o energies of t h e o r d e r 1 0 3 - 1 0 6 e V ; o b s e r v a t i o n s 

p o i n t i n g in t h a t d i rec t ion a r e t h e o c c u r r e n c e of X- r ay bu r s t s cove r ing t h a t ene rgy 

r a n g e , t h e occu r rence of m i c r o w a v e r a d i o b u r s t s in t h e first m i n u t e s of so la r flares, 

a n d t h e emiss ion of t y p e - I l l r a d i o bu r s t s , a l so mos t l y o c c u r r i n g in t h e very first 

p h a s e s . T h e veloci ty of t h e t y p e - I l l exc i ta t ion sources , wh ich r a n g e s be tween c/6 t o 

0*9 c w i th m a x i m u m o c c u r r e n c e a t c/2 p o i n t s t o e lec t ron energies in t h e r a n g e 7 -700 

k e V wi th a m a x i m u m a r o u n d 80 keV. T h i s is in a g r e e m e n t wi th X - r a y bu r s t obse r ­

v a t i o n s in t he d e k a - k e V r a n g e . 

O t h e r p h e n o m e n a , like t h e emiss ion of so la r p r o t o n s a n d the o c c u r r e n c e of me t r i c 

t y p e - I V bur s t s , a re r a t h e r re la ted t o la ter phases of t h e so la r flare even t , a n d s h o w 

t h a t after s o m e t i m e fu r the r acce l e ra t ion occurs t o energies of t h e o r d e r 1 0 7 - 1 0 9 eV. 

H e n c e , s e c o n d a r y e l e c t r o m a g n e t i c pa r t i c le acce lera t ion wi th a fac to r 1000 occu r s in 

a s econd p h a s e of so la r flares. 

2. The Origin of the Flare Energy and the Acceleration Process 

A c c o r d i n g t o K i e p e n h e u e r a n d B r u z e k t h e energy o u t p u t in t h e f o r m of radiation 
is (for s t r o n g flares) of t h e o r d e r of 1 0 3 2 e rgs , whi le in t h e acce l e ra t ion of particles 
a n e n e r g y of 1 0 3 2 5 e rg is invo lved . A s s u m i n g for t h e h igh -ene rgy flare a v o l u m e of 
1 0 2 6 c m 3 , it is c lear t h a t th i s ene rgy c o u l d be o b t a i n e d if in th i s v o l u m e t h e m a g n e t i c 
field w o u l d be r educed f rom e.g. 500 t o 400 gauss . N o o t h e r ene rgy sources seem 
likely t o be sufficient for p r o d u c i n g t h e flare energy . H e n c e , t h e ene rgy of so la r flares 
c o u l d ar ise f rom a par t i a l a n n i h i l a t i o n of t h e m a g n e t i c field. Th i s , in t u r n , m e a n s t h e 
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es t ab l i shmen t of a large electr ic field a n d c o n s e q u e n t c u r r e n t flow, since t h e essential 
a spec t of th is ann ih i l a t i on p rocess is t he c o n s u m p t i o n of t h e m a g n e t i c energy of the 
c u r r e n t by a d i scha rge . 

W h e r e a s it is difficult b u t n o t imposs ib le t o c o n s t r u c t a m o d e l of a so la r flare t h a t 
m i g h t expla in magnet ic-f ie ld a n n i h i l a t i o n by a d i s cha rge (see e.g. Alfven a n d 
Car lqv i s t , 1967), the rea l p r o b l e m s a re t h o s e of t he p r i m a r y or ig in of th is energy a n d 
of i ts a c c u m u l a t i o n in a m a g n e t i c field. Sinpe flares m a y recur a t in te rva l s of t h e o r d e r 
of a d a y in t h e s a m e ac t ive r eg ion , it is c lear t h a t t h e flare p rocess is d u e t o a s to rage 
of ene rgy a n d a s u b s e q u e n t re lease . The t ime-sca le for t h e e s t a b l i s h m e n t of t he field 
m a y be of t h e o r d e r of a d a y . 

T h e only source t h a t seems c a p a b l e of p r o d u c i n g sufficient ene rgy is t h e s u b p h o t o s -
p h e r i c convect ive ene rgy flux, w h i c h w e k n o w t o be suppres sed in t h e r eg ion be low sun-
s p o t s . T h e miss ing ene rgy flux in an ave rage s u n s p o t is of t h e o r d e r of 4 x 1 0 2 9 e rg sec. 

If t he m e c h a n i s m which t r a n s f o r m s the miss ing convec t ive ene rgy flux i n t o m a g n e t i c 
e n e r g y h a d a n efficiency of 100%, t h e energy necessary t o p r o d u c e a la rge flare w o u l d 
be p r o v i d e d in a b o u t 1000 sec. If t he efficiency w a s on ly 0-01 , o n e flare cou ld be 
p r o d u c e d in 24 h o u r s . 

3 . Conclusions 

T h e p u r p o s e of th i s n o t e w a s t o d r a w a t t e n t i o n t o ce r t a in a spec t s a n d p r o b l e m s 
re la ted t o t h e or igin of t h e flare energy , its t r a n s f o r m a t i o n i n t o m a g n e t i c energy , the 
acce le ra t ion of par t ic les d u r i n g t h e first p h a s e of t h e flare, a n d t h e s e c o n d a r y acceler­
a t i o n in a la ter p h a s e . 

(a) T h e ene rgy e m i t t e d in so la r flares is so large , a n d flares o c c u r so often t h a t the 
e n e r g y can only be p r o v i d e d b y a m e c h a n i s m t r a n s f o r m i n g t h e miss ing s u b p h o t o s -
phe r i c convect ive energy flux in a s u n s p o t i n t o m a g n e t i c energy . 

(b) Th i s m a g n e t i c ene rgy shou ld be re leased, p e r h a p s t h r o u g h the e s t a b l i s h m e n t of 
a la rge electr ic field a n d a s u b s e q u e n t d i scha rge . 

Occas iona l ly , th i s m a y p r o d u c e t h e h igh-energy flare, w h e r e in a m a g n e t i c bo t t l e 
a b o u t 1 0 2 2 — 1 0 2 9 e l ec t rons a r e c o n t a i n e d wi th energies of 1 0 3 - 1 0 6 eV. Th i s m e a n s t h a t 
t h e electr ic vo l tage over t h e d i s cha rge need n o t necessar i ly exceed 1 0 6 vo l t s , wh ich is 
sma l l e r t h a n a s s u m e d in m o s t c u r r e n t flare theor ies . 

(c) In a l a te r p h a s e of t h e flare, m a y b e 15 -60 m i n la ter , s e c o n d a r y acce le ra t ion of 
t h e e lec t rons m a y o c c u r ; th i s m a y lead t o an ave rage inc rease of t h e ene rgy by a fac tor 
of a b o u t 1000. T h e s e acce le ra ted pa r t i c l es m a y p r o d u c e t h e m e t r i c t ype - IV r a d i o 
b u r s t s (e lec t rons) , a n d t h e h igh -ene rgy par t i c le fluxes obse rved n e a r t h e E a r t h as s u b -
rela t ivis t ic o r re lat ivis t ic pa r t i c l e events . 
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Kriiger: Y o u mentioned the picture of the two steps of acceleration process of particles within a 
flare. D o you assume the action of different acceleration mechanisms or more likely of a cyclic 
acceleration process? 

De Jager: Little is known, if anything, of the acceleration mechanism. Yet I believe the two 
acceleration mechanisms to differ. For the first phase I would think of a mechanism like the one 
proposed by Alfven and Carlqvist {Solar Phys., 1, 1967, 220); the second phase might rather be a 
Fermi-type acceleration. 

Kriiger: In some cases there seems to be a relation between the duration of cm-type IV bursts or 
their rising time and the energy of emitted particles. 

Schmidt: I wonder whether it might be conceivable that the comparatively young and closed field-
lines of a flare-producing active centre intermingle on a scale much smaller than the flare dimension 
with the rather old fieldlines originating in the weak and extended field patches and stretching radially 
outward into the sector structure of the solar wind. It seems to me that such a concept would be also 
consistent with the observed formation of new photospheric flux occurring without much interference 
with the surrounding older flux as well as with the results of Mrs. Pick concerning the large solid 
angles filled by energetic protons. 
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