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SUMMARY 

I t has been apparent for t h e l a s t few y e a r s t h a t a l a r g e f r a c t i o n 
of t h e t o t a l energy r e l e a s e d during a s o l a r f l a r e appears i n i t i a l l y in 
t h e form of e n e r g e t i c e l e c t r o n s a c c e l e r a t e d during t h e i m p u l s i v e phase. 
An e s t i m a t e of t h e energy o f t h e s e e l e c t r o n s i s based on t h e observed 
hard x -ray s p e c t r a as w e l l as t h e assumed form ( thermal or non-thermal) 
o f t h e e l e c t r o n d i s t r i b u t i o n . Even a f t e r t h e b a s i c form of t h e e l e c ­
t r o n d i s t r i b u t i o n i s assumed, a d d i t i o n a l a s s u m p t i o n s , such as t h e low 
energy c u t - o f f i n t h e case of t h e power law energy spectrum or e x i s ­
t e n c e of a m u l t i - t h e r m a l source in t h e c a s e o f t h e thermal spectrum, 
are u s u a l l y r e q u i r e d . In order t o t e s t t h e s e a s s u m p t i o n s , measurements 
of the hard x - r a y spectrum wi th s p a t i a l r e s o l u t i o n and cover ing a wide 
range of x - r a y energy are e s s e n t i a l . In absence of good s p a t i a l r e s o ­
l u t i o n , as i s t h e c a s e w i t h most of t h e p r e s e n t l y a v a i l a b l e hard x - r a y 
o b s e r v a t i o n s , t h e i m p u l s i v e x - r a y e m i s s i o n a t e n e r g i e s hv £ 10 keV i s 
o f t e n unobservable because of t h e p r e s e n c e o f a l a r g e background of 
r e l a t i v e l y i n t e n s e gradual e m i s s i o n a s s o c i a t e d w i t h most f l a r e s . Ob­
s e r v a t i o n s made i n t h e p a s t s u f f e r e d e i t h e r because o f t h e l ack of a 
c l e a r l y i d e n t i f i a b l e i m p u l s i v e x - r a y e m i s s i o n a t low e n e r g i e s ( P e t e r ­
son e t a l , 1973) or an adequate s p e c t r a l r e s o l u t i o n (Kahler , 1973). 
Thus so far i t has not been p o s s i b l e t o measure unambiguously t h e s p e c ­
trum of i m p u l s i v e x - r a y s £ 10 keV and hence t o deduce a p o s s i b l e low 
energy c u t - o f f i n t h e e n e r g e t i c e l e c t r o n spectrum. Here we repor t 
b r i e f l y such an o b s e r v a t i o n made wi th t h e ISEE-3 x - r a y spec trometer ex­
periment and i t s i m p l i c a t i o n s w i t h regard t o t h e c h a r a c t e r i s t i c s o f 
e n e r g e t i c e l e c t r o n s i n s o l a r f l a r e s . 

The x - r a y s p e c t r o m e t e r experiment aboard t h e I n t e r n a t i o n a l Sun-
Earth Explorer -3 (ISEE-3) s p a c e c r a f t has been d e s c r i b e d i n d e t a i l e l s e ­
where (Anderson e t a l , 1978; Kane ejt a l , 1979)- I t c o n s i s t s of two de­
t e c t o r s : a x e n o n - f i l l e d p r o p o r t i o n a l counter c o v e r i n g t h e energy range 
U.8-1U keV and a Nal (T l ) s c i n t i l l a t o r c o v e r i n g t h e energy range 12-
126U keV. 
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F i g . I . Observat ions o f an i m p u l s i v e x - r a y b u r s t on 5 Oc­
t o b e r 1978 a t t r i b u t e d t o a r e l a t i v e l y l a r g e s o l a r f l a r e l o ­
c a t e d ^ 15° behind t h e e a s t l imb o f t h e Sun. (a ) Time i n ­
t e n s i t y p r o f i l e : t h e i m p u l s i v e e m i s s i o n can be c l e a r l y i -
d e n t i f i e d down t o t h e l o w e s t x - r a y energy 5 keV) o b s e r ­
v a b l e w i th t h e ISEE-3 s p e c t r o m e t e r . (b) S p e c t r a l p l o t a t 
t h e t ime of maximum: n o t e t h a t t h e x -ray f l u x observed by 
ISEE-3 i s much s m a l l e r than t h a t observed by t h e PVO d e t e c ­
t o r s . Also note t h a t t h e i m p u l s i v e x - ray spectrum observed 
by ISEE-3 i s c o n s i s t e n t w i t h a power law down t o ^ 5 keV 
energy (Kane et_ a l , 1979). 

F i g . 1 shows an i m p u l s i v e s o l a r x - r a y b u r s t observed by t h e ISEE-
3 experiment on 5 Oct. 1978. This x - r a y b u r s t was a l s o observed by a 
d e t e c t o r aboard t h e P i o n e e r Venus Orb i t er (PVO) and i t has been e s t i ­
mated t h a t t h e a s s o c i a t e d s o l a r f l a r e was l o c a t e d ^ 15° behind t h e 
e a s t l imb o f t h e Sun (Kane et_ a l , 1979). Thus o n l y t h e par t o f t h e 
x - r a y source l o c a t e d a t a h e i g h t K 25,000 km above t h e photosphere was 
v i s i b l e t o t h e ISEE-3 d e t e c t o r , t h e lower par t o f t h e source b e i n g o c ­
c u l t e d by t h e photosphere from t h e ISEE-3 f i e l d o f v i e w . From F i g . 
l ( a ) i t can be seen t h a t t h e i m p u l s i v e e m i s s i o n from t h e c o r o n a l source 
can be i d e n t i f i e d down t o x - r a y e n e r g i e s ^ 5 keV. This has been p o s ­
s i b l e because most o f t h e gradual e m i s s i o n , presumably e m i t t e d at much 
lower a l t i t u d e s , was o c c u l t e d , making t h e i m p u l s i v e e m i s s i o n dominant 
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even at x - r a y e n e r g i e s ^ 5 keV. The x - r a y spectrum, shown in F i g . 
l ( b ) , i s c o n s i s t e n t w i t h a power law e l e c t r o n spectrum w i t h no appar­
ent low energy c u t - o f f up t o e n e r g i e s ^ 5 keV. Although an e x p l a n a ­
t i o n of t h e observed x - r a y spectrum i n terms o f t h e e m i s s i o n from a 
m u l t i - t h e r m a l e l e c t r o n spectrum cannot be r u l e d o u t , we b e l i e v e t h a t 
t h e p r e s e n t o b s e r v a t i o n l e n d s new support t o t h e e x i s t e n c e of non­
thermal e l e c t r o n s p e c t r a during t h e i m p u l s i v e phase o f s o l a r f l a r e s . 
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F i g . 2 . R i s e and decay c h a r a c t e r i s t i c s o f t h e i m p u l s i v e 
x - r a y b u r s t shown i n F i g . l ( a ) . Note t h a t t h e decay t ime 
i s e s s e n t i a l l y independent o f energy f o r 5-35 keV x - r a y s . 

D e t a i l s o f t h e r i s e and decay o f t h e x - r a y b u r s t are shown i n 
F i g . 2 . Both t h e r i s e and decay t i m e s are l a r g e r than t h o s e in t h e 
c a s e o f o n - t h e - d i s k f l a r e s . F u r t h e r , whereas t h e r i s e t ime does d e ­
c r e a s e w i t h i n c r e a s e i n x - r a y e n e r g y , t h e decay t ime i s r e l a t i v e l y 
c o n s t a n t f o r x - r a y s i n 5-35 keV range . Thi s s u g g e s t s t h a t t h e corona l 
par t o f t h e i m p u l s i v e x - r a y source probably c o n s i s t s o f a r e l a t i v e l y 
l a r g e r e g i o n i n which e n e r g e t i c e l e c t r o n s are i n j e c t e d more or l e s s 
c o n t i n u o u s l y during t h e i m p u l s i v e p h a s e . Because o f t h e r e l a t i v e l y 
low ambient d e n s i t y a t c o r o n a l a l t i t u d e s , t h e c o l l i s i o n a l l o s s e s are 
e x p e c t e d t o be n e g l i g i b l e f o r t h e s e e l e c t r o n s . I f e l e c t r o n s are i n ­
j e c t e d uni formly i n t o t h e i m p u l s i v e x - r a y s o u r c e , which ex tends from 
t h e upper c h r o n o s p h e r e / t r a n s i t i o n r e g i o n t o t h e corona , t h e l o w - a l t i -

https://doi.org/10.1017/S0074180900067620 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900067620


230 S.R. KANE 

tude part will be an intense thick-target x-ray source and the coronal 
part will be a relatively weak thin-target x-ray source. If the in­
jected electron spectrum is a power law in energy, comparison of the 
ISEE-3 measurements of the coronal source with the PVO measurements of 
the total source shows the following: (l) n j T = 2 x 10° sec cm" 
where n j is the average ion density inside the coronal source and t is 
the lifetime of energetic electrons in that source; (2) the lifetime t 
is not determined by coulomb collisions but by escape of the electrons 
from the coronal source into outer corona (Kane et_ al, 1 9 7 9 ) . 

Thus there is evidence that the energy spectrum of the electrons 
accelerated during the impulsive phase of a flare extends down to ̂  5 
keV energy. Further, a substantial fraction of the accelerated elec­
trons is present in the corona during the impulsive phase thus indica­
ting only a partial precipitation of the accelerated electrons in the 
upper chronosphere/transition region. 
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