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Abstract: We d i s c u s s the p o s s i b i l i t y t h a t the plasma trapped i n s i d e the s o l a r 
magnetic loop region may be the p r i n c i p a l arb i t ra tor i n dec iding whether a 
g iven a c t i v e region w i l l re lease - p a r t i c l e s i n t o the in terp lane tary medium or 
w i l l remain a s o l e l y e lectromagnet ic event . We analyze the p a r t i c l e abundance 
pat terns and show t h a t the p a r t i c l e s e l e c t i o n occurs i n a coo l region much 
below the corona. We d i s c u s s the p a r t i c l e a c c e l e r a t i o n in time varying 
magnetic f i e l d and show t h a t the betatron process can be very e f f e c t i v e under 
s o l a r c o n d i t i o n s . We then show t h a t the e l e c t r o n d e n s i t y in the f l a r e region 
may be the c r i t i c a l parameter in dec id ing the evo lu t ion of the a c t i v e reg ion . 
F i n a l l y we show tha t d i r e c t observat ions of f l a r e s i n the in terp lanetary 
medium agrees w e l l with t h i s sugges t ion . 

Introduct ion t I t has been g e n e r a l l y suggested t h a t magnetic f lux tubes form a t 
the bottom of the convect ion zone, and a t some s tage become unstable and r i s e 
to the surface under magnetic buoyancy t o g ive magnetic a c t i v i t y on the outer 
atmospheric l a y e r s of the Sun (cf Wilson, 1986). Once t h i s upward motion has 
begun, i t i s g e n e r a l l y assumed (Piddington, 1975) t h a t the dynamo a c t i o n 
ceases and the plasma wi th in the tube remains i s o l a t e d (Wilson, 1986). Above 
the photosphere, these loops bu i ld up i n s trength and become br ight in Ha (cf 
P r i e s t , 1981). 

In the case of large f l a r e s , e lectromagnet ic loops r i s e high i n t o the 
upper corona of the Sun and then g ive p a r t i c l e s from large open loop reg ions . 
In some c a s e s , the f l a r e loops may simply brighten in the e lectromagnet ic 
band, g i v i n g r i s e t o a large v a r i e t y of radio and X-ray emission without any 
accompanying p a r t i c l e emiss ion. Recent s a t e l l i t e measurements have a l s o 
i d e n t i f i e d a c l a s s of events where small e lectromagnet ic a c t i v i t y as w e l l as 
p a r t i c l e emiss ion occurs . Under such a c o n d i t i o n , the p a r t i c l e abundances tend 
t o be i n v a r i a b l y p e c u l i a r . Since a l l t h i s a c t i v i t y i s , a t i t s source magnetic, 
we i n v e s t i g a t e the p o s s i b i l i t y that the p a r t i c l e s trapped in s o l a r f l a r e loops 
may mediate in the evo lu t ion of the a l l t h i s a c t i v i t y . We show t h a t for 
reasonable va lues of the parameters l i k e the time s c a l e s and i n t e n s i t y of 
magnetic f i e l d v a r i a t i o n s in the f l a r e reg ion , the plasma trapped i n s i d e the 
magnetic loops can e f f i c i e n t l y convert magnetic energy i n t o e lectromagnet ic 
energy then show t h a t the phys ica l cond i t ions of the plasma trapped i n s i d e a 
magnetic loop may decide whether a g iven a c t i v e region w i l l remain purely 
e lectromagnet ic event , or a small or large p a r t i c l e r e l e a s e event . We f i n a l l y 
show t h a t the above suggest ion i s we l l borne out by comparing the suggest made 
here with those made from d i r e c t observat ions of var ious of various types of 
f l a r e s . 
Basic S e l e c t i o n and Acce lerat ion process; Several s t u d i e s of the large f l a r e s 
have e s t a b l i s h e d a common abundance pat tern for s o l a r cosmic rays (cf Biswas 
e t a l , 1983; Mason e t a l , 1986; Vahia e t a l , 1988) in large f l a r e s . In the 
l i t e r a t u r e the c l a s s i f i c a t i o n of elements i s made according t o t h e i r f i r s t 
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i o n i s a t i o n p o t e n t i a l (cf Biswas e t a l , 1983, Meyer, 1985). However, t h i s 
c l a s s i f i c a t i o n i s , a t b e s t , only a f i r s t approximation of the true processes 
t h a t occur in the f l a r e region s i n c e a l l elements have charge s t a t e s greater 
than +1 a t temperatures above 6 10 K. Hence, we take i n t o cons iderat ion more 
r e a l i s t i c charge s t a t e s of p a r t i c l e s under s o l a r c o n d i t i o n s . Several s t u d i e s 
have shown tha t carbon, n i t rogen , neon, s i l i c o n and argon are only weakly 
enhanced a t low energ i e s (< 5 MeV/nucleon) in large f l a r e s . They a l s o have 
r e l a t i v e abundances which are very s i m i l a r t o the photospheric abundances and 
show l i t t l e v a r i a t i o n from f l a r e t o f l a r e . Based on the assumption t h a t these 
c h a r a c t e r i s t i c s are due t o the f a c t t h a t the source a c c e l e r a t i o n mechanism i s 
unable t o d i s t i n g u i s h between these elements due t o s i m i l a r i t y in t h e i r chargg 
t o mass r a t i o in the ambient medium, a source region temperature of 6 ± 1 10 
K i s ind ica ted (Vahia, 1987). This suggest ion agrees we l l with the d i r e c t 
measurement of the s o l a r cosmic ray charge s t a t e by Hovestadt e t a l (1984) . 
The d i r e c t measurements i n d i c a t e t h a t the element charge states f a l l i n t o two 
d i s t i n c t components one with a mean temperature of 5 t o 8 10 K and another of 
temperature around 2 t o 5 10 K which corresponds t o the temperature of 
p a r t i c l e s picked up during passage through the corona. The f a c t tha t t h i s i s 
true for severa l large f l a r e s s tudied by a v a r i e t y of techniques and a t 
various t imes i n d i c a t e s t h a t t h i s i s a common feature of large f l a r e s and 
t h e r e f o r e , by i m p l i c a t i o n , t h a t the large f l a r e s a r i s e i n reg ions of 
temperature about 6 10 K. This temperature i s below the coronal temperature 
and t h e r e f o r e , the s o l a r f l a r e plasma separat ion must be occurring in lower 
chromospheric reg ions from which they r i s e i n t o the coronal reg ion . 

The most common feature of the s o l a r f l a r e s i s the time varying magnetic 
f i e l d in the a c t i v e reg ions . The most l i k e l y a c c e l e r a t i o n mechanisms in the 
a c t i v e reg ions there fore are the s t o c h a s t i c and reconnection a c c e l e r a t i o n . We 
c a l c u l a t e d the e f f i c i e n c y of the s t o c h a s t i c and the reconnect ion progessgs 
based on the assumption t h a t the volume of the a c c e l e r a t i o n r e g i o n ^ s 10 cm , 
the magnetic f i e l d of ^he So lar f l a r e a c c e l e r a t i o n region i s 10 G and the 
e l e c t r o n d e n s i t y i s 10 p cm" . The b a s i c formulation of S o r r e l l (1983) for 
the reconnect ion process and of H i l i a s (1984) for s t o c h a s t i c a c c e l e r a t i o n 
process are used. The c a l c u l a t i o n s show t h a t whi le the s t o c h a s t i c a c c e l e r a t i o n 
can g ive a maximum energy of 10 eV, i t s time s c a l e s of 10 sec are far too 
l arge . On the other hand the time s c a l e s of reconnect ion, of the order of 50 
seconds, agrees we l l with the time s c a l e ^ of the impulsive phase of s o l a r 
f l a r e s and can g ive a maximum energy of 10 eV. This i s more in agreement with 
the d i r e c t observat ions of p a r t i c l e s up t o 1 GeV i n s o l a r f l a r e s . We therefore 
d i s c u s s the reconnect ion process i n some d e t a i l . In p a r t i c u l a r , in Vahia 
(1986) the d e t a i l s of the betatron process are d i scussed with the emphasis for 
a c c e l e r a t i n g s o l a r f l a r e p a r t i c l e s . We use the boundary cond i t i ons t h a t the 
magnetic f i e l d s trength changes from 100 t o 3000 G in 100 seconds. These 
va lues are wi thin the observed v a r i a t i o n s of the magnetic f i e l d s t rengths in 
f l a r e regions^ compiled by P r i e s t (1984) which shows t h a t f lux changes of the 
order of 10 Mx/hr can occur in a c t i v e reg ions . From such c a l c u l a t i o n s i t can 
be seen t h a t t h i s r e s u l t s in a runaway, a c c e l e r a t i o n of the p a r t i c l e s and i s 
most e f f e c t i v e for temperature of 6 10 K (Vahia and Rao, 1987). However, in 
tha t work the energy l o s s processes were neg l ec t ed . The comparison of the 
a c c e l e r a t i o n mechanism aga ins t the energy l o s s process are g iven in f igure 1. 
The energy l o s s formulation i s taken from Perez Peraza (1981) and the energy 
gain process i s taken as the betatron process from Vahia (1986) ( see a l s o Vahia 
and Rao, 1987). Since the pp c o l l i s i o n s have a c r o s s e c t i o n of about 40 mbarns 
a t t h i s energy, the energy l o s s by c o l l i s i o n can be neg lec ted . We d i s c u s s the 
impl i ca t ion of t h i s f igure in the three c a s e s , when the e l e c t r o n d e n s i t y i s 
l e s s than 10 p cm" , when i t i s around t h i s value and when i t i s greater than 
t h i s va lue . 
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BETATRON ACCELERATION 
COULOMBIAN ENERGY LOSSES 
(Fully ionised hydrogen T«IO'K) 

ENERGY (eV/n) 

Case l i Large P a r t i c l e Flaresx When ?the 
p a r t i c l e d e n s i t y i s l e s s than 10 p 
cm" , the p a r t i c l e a c c e l e r a t i o n rate 
exceeds the energy l o s s rate and, as a 
r e s u l t , the a c t i v e region w i l l see a 
large r e l e a s e of p a r t i c l e s as the 
plasma exceed the magnetic pressure . 
Since such low d e n s i t y i s seen in upper 
coronal region on ly , the a c t i v e reg ions 
must have l a r g e , s t a b l e and e n e r g e t i c 
loops tha t r i s e high i n t o the corona 
before the f i n a l a c c e l e r a t i o n r e l e a s e s 
the p a r t i c l e s . This feature i s 
invar iab ly seen i n the a c t i v e reg ions 
t h a t r e l e a s e large f lux of p a r t i c l e s . 
The p a r t i c l e escape from such a loop 
can occur e i t h e r from opening of the 
l i n e s of force t o the in terp lane tary 
medium or by r i g i d i t y dependant escape 
mechanisms (Vahia, 1986). 
Case 2: Intermediate F lares : When the 

Fig. 1: Comparison of energy gain and e l e c t r o n density i ^ around the c r i t i c a l 
loss processes in flare regions. value of 10 p cm~ , the region as a 

whole w i l l not r e l e a s e p a r t i c l e s but 
small h e t e r o g e n e i t i e s in such a system can produce runaway a c c e l e r a t i o n and 
s p e c i a l s e l e c t i v i t i e s t h a t are c h a r a c t e r i s t i c of small f l a r e s . 
Case 3: Thermal F lares ; When the a c t i v e region has e l e c t r o n d e n s i t y i n e x c e s s 
of the c r i t i c a l va lue , p r a c t i c a l l y no p a r t i c l e r e l e a s e would occur from such 
reg ions and a l l the magnetic energy would be converted i n t o heat energy. 
However, in such c a s e s a l s o , the p a r t i c l e s can continue t o mediate in the 
a c t i v e region in convert ing the magnetic energy i n t o thermal energy. 

Hence, i f the above d i scussed processes have any relevance t o the s o l a r 
a c t i v e reg ions , the p a r t i c l e population in such regions and the d e n s i t i e s of 
such reg ions may be the c r i t i c a l deciding f a c t o r s in forming a large p a r t i c l e 
f l a r e , a small f l a r e or a purely e lectromagnet ic event . Also , i f the above 
sugges t ion i s t r u e , the energy re l ease in var ious types of events should show 
a c l e a r c o r r e l a t i o n which can be derived from phys ica l parameters t h a t can be 
d i r e c t l y a s s o c i a t e d t o the a c t i v e reg ions . 

Three kinds of c l a s s i f i c a t i o n s of the s o l a r f l a r e s i s made in the 
l i t e r a t u r e . The fir^jt, large f l a r e s are conspicuous by p a r t i c l e energy r e l e a s e 
of t h | Q order of 10 ergs compared t o e lectromagnet ic rad ia t ion of the order 
of 10 ergs (cf Hakura, 1976) . The second c l a s s of events are a s s o c i a t e d with 
a c t i v e reg ions t h a t |how 4 a small amount of e n e r g y 3 are known t o show an 
enhancement in the He /He r a t i o and are known as He r i c h s o l a r f l a r e s (cf 
Reames e t a l , 1988). The t h i r d c l a s s i s t h a t of a c t i v e reg ions t h a t show 
in tense e lectromagnet ic emiss ion without any accompanying p a r t i c l e r e l e a s e . 
Deta i l ed f ea tures of the three c l a s s e s of events a l s o agree we l l with the 
c l a s s i f i c a t i o n s made on the b a s i s of d i r e c t observat ion by Bai (1986) for 
f l a r e s analogous t o case s 1 and 3 and by Reames e t a l (1988) for case 2. The 
s a l i e n t f ea tures of these observat ions are given i n t a b l e 1. 

https://doi.org/10.1017/S0074180900088331 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900088331


418 

Type of Event Flare S i z e Electron Dens i ty 10 MeV IP P Flux Case 

Gradual 1 

He 3 f l a r e 2 

Impulsive 

>lo]| cm 
~10* cm 
<10 cm 

„.7* -3 
<10 cm 

10 cm" 
,^11-12 -3 
10 cm 

1 2 
>10 2 / c m 2 s s r MeV 
~10~ 2 / cm 2 s s r MeV 
<10" /cm s s r MeV 

1 
2 
3 

1 B a i ( 1 9 8 6 ) ; 2 Reames e t a l (1988) *-Based on d e n s i t y in upper coronal region 

Conclusion: We d i scussed the abundance pat terns of s o l a r cosmic rays and 
cons ider ing the s i m i l a r i t y i n abundance pat terns derived a common temperature 
condi t ion for them. We have then used the betatron mechanism, which i s most 
e f f e c t i v e a t t h i s temperature and attempted t o der ive the condi t ion under 
which the a c c e l e r a t i o n becomes a runaway feature and the case when the 
a c c e l e r a t i o n may produce a pure ly e lectromagnet ic f l a r e s . We have attempted t o 
show t h a t the e n t i r e feature a r i s e s from the same phys ics with the only 
d i f f e r e n c e being i n the phys ica l condi t ion of var ious a c t i v e reg ions . We then 
compared the observat ions and show that , the f l a r e c l a s s i f i c a t i o n suggested 
here i s in good agreement with those made empir i ca l l y from observat ional data . 

Acknowledgement: The author wishes t o express h i s gra t i tude t o Dr A R Rao and 
Dr S Ramadurai for t h e i r valuable d i s c u s s i o n s during t h i s work. 
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DISCUSSION 

SMITH: As far as I can sec your generalized reconnection is nothing more than an E-Field 
along the B-Field, but you cannot cite a specific mechanism. Is this true? 

VAHIA: The generalised calculations given here are an attempt to estimate - by order of 
magnitude - the efficiency of various processes. It is not an attempt to determine or identify 
a specific process. 

KUIJPERS: You said that the particle density in the loop determines whether the particles 
are released or not into the interplanetary medium. What is the physical process which lets 
the particles escape from the loop and how does it depend on density? 

VAHIA: The critical factor that decides whether particles are released or not is the energy 
gain to loss rates. If the energy gain rate exceeds the energy loss rate (when the density is 
less than 10 7 c m - 3 ) there will be a runaway acceleration and in this case the particles will 
escape; either when their gyroradius becomes larger than the loop diameter or when the 
lines of force open to the interplanetary medium. Conversely, if the energy loss rate 
exceeds the energy gain rate, then all the energy put into particles will be converted into 
electromagnetic radiation. 
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