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ABSTRACT. Magnetic tension posseses low values at regions of large 

magnetic "shear" on the polarity inversion line. The low tension allows 

for a non-force-free field that depends on the density of the medium. 

Instabilities which can modify the density may then possibly evolve into 

solar flares. Heuristic arguments are given to favour instability 

driven flare scenarios. 

1. I n t r o d u c t i o n 

With the advent of vector magnetographs, the non- potential nature of 
pre-flare magnetic configurations could be clearly discerned from the 
angular deviation of the observed transverse component of the magnetic 
field from the transverse potential field calculated from the 
distribution of the line- of-sight component of the magnetic field. This 
angular deviation, called magnetic "shear" was seen to be large at 
locations of four major flares (Hagyard, et al., 1984; Hagyard, 
Venkatakrishnan, and Smith 1989). A theoretical basis for such a 
correlation was suggested in terms of the loss in magnetic tension 
caused by a shear in the field (Venkatakrishnan, 1990). In this paper, 
we advance arguments in support of instability driven scenarios for 
flares. 

2. L o s s o f M a g n e t i c T e n s i o n i n Sheared F i e l d s 

The magnetic pressure gradient balances the magnetic tension in a force 
free field. The vertical component of the tension force is given by 
B .7 B where B is the transverse component of the magnetic field and V 

T T z T ° T 

is the lateral gradient operator, ( x 6 / 6 x , yd/dy). The maximum tension 

is available in a potential configuration, where the gradient of B^ is 

along B T . Near a polarity inversion line, this is manifest by B t 

pointing across the line. For a sheared field, B t is almost aligned 
with the inversion line, thereby providing a smaller tension force as 
compared to a potential field. A force free field must respond to this 
loss of tension by a decrease in the vertical gradient of magnetic 
pressure. This conclusion is also borne out in detailed computations (Wu 
et ai.,1990). 2If the gradient in magnetic shear is small, then this 
extention of B t must persist to greater heights. The interaction of 

this vertically extended transverse field with the over-lying global 
field through reconnection would then be able to "open" out the 
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c o n f i g u r a t i o n and r e l e a s e t h e e x c e s s e n e r g y s t o r e d i n t h e c l o s e d f i e l d 
i n t h e form o f a s o l a r f l a r e . There i s a n o t h e r p o s s i b i l i t y where t h e 
g r a d i e n t o f B T d o e s n o t have t o match t h e low m a g n e t i c t e n s i o n o f t h e 

s h e a r e d f i e l d , but i s b a l a n c e d by t h e w e i g h t o f t h e m a t e r i a l pg . T h i s 
c o u l d happen , f o r i n s t a n c e , i n an a c t i v e r e g i o n f i l a m e n t .where t h e 
d e n s i t y i s l a r g e r t h a n t h e ambient v a l u e . Such a f i e l d w i t h m a g n e t i c 
p r e s s u r e g r a d i e n t b a l a n c i n g pg w i l l depend on t h e p lasma d e n s i t y . Any 
d e c r e a s e i n p c a u s e d , e . g . by e x t r a h e a t i n g c o u l d p o s s i b l y become a 
runaway p r o c e s s v i a a thermal i n s t a b i l i t y . The " l i f t i n g " o f t h e f i e l d 
l i n e s i n r e s p o n s e t o t h e d e c r e a s e o f pg would d r a i n m a t e r i a l away from 
t h e r e g i o n l e a d i n g t o a f u r t h e r d e c r e a s e i n pg . The r e a r r a n g e m e n t o f 
t h e f i e l d l i n e s c a u s e d by t h i s i n s t a b i l i t y c o u l d l e a d t o c e n t r i - f u g a l 
a c c e l e r a t i o n o f p lasma a l o n g t h e f i e l d l i n e s ( V e n k a t a k r i s h n a n , 1 9 8 4 a , b ) 
r e s u l t i n g i n s h o c k s and e v e n t u a l l y f l a r e s . A l t e r n a t i v e l y , t h e e l e c t r i c 
f i e l d i n d u c e d by t h e r a p i d l y c h a n g i n g m a g n e t i c f i e l d c o u l d be t r a p p e d 
f o r p a r t i c l e a c c e l e r a t i o n ( C o l g a t e , 1 9 7 8 ) . The d e t a i l s o f t h i s s c e n a r i o 
a r e g i v e n i n an e a r l i e r p a p e r ( V e n k a t a k r i s h n a n , 1 9 9 0 ) . 

3 . I n s t a b i l i t y v s N o n - E q u i l i b r i u m D r i v e n S c e n a r i o s 

O n s e t o f n o n - e q u i l i b r i u m o f a s l o w l y e v o l v i n g f i e l d a s i t c r o - s s e s a 
c r i t i c a l p a r a m e t e r was s u g g e s t e d a s a p o s s i b l e way o f c o n v e r t i n g t h e 
m a g n e t i c e n e r g y s t o r e d i n a n o n - p o t e n t i a l f i e l d on a v e r y s h o r t t i m e 
s c a l e ( L o w , B . , C . , 1 9 8 2 ) . In a l l c a s e s where a c r i t i c a l p a r a m e t e r was 
i d e n t i f i e d , i t was s e e n t h a t a change i n t h e p a r a m e t e r i n v o l v e d 
s p e c i f y i n g u n p h y s i c a l boundary c o n d i t i o n s . In c a s e s were e v o l u t i o n o f 
t h e f i e l d was m o d e l l e d on t h e b a s i s o f p h y s i c a l boundary c o n d i t i o n s , 
e . g . by moving t h e f o o t p o i n t s o f t h e f i e l d l i n e s , no l o s s o f e q u i l i -
brium was e n c o u n t e r e d (Zwingmann, 1 9 8 9 ) . O b s e r v a t i o n a l i d e n t i f i c a t i o n o f 
s u c h a c r i t i c a l p a r a m e t e r h a s a l s o met w i t h o n l y l i m i t e d s u c c e s s . A 
p r o m i s i n g p a r a m e t e r seemed t o be m a g n e t i c s h e a r . However, t h e r e a r e 
e x a m p l e s where t h e s h e a r was l a r g e on t h e n e u t r a l l i n e f o r s e v e r a l d a y s 
w i t h o u t any f l a r e i n t h e a c t i v e r e g i o n (Hagyard, V e n k a t a k r i s h n a n , and 
S m i t h , 1 9 8 9 ) . On t h e o t h e r hand, t h e r e i s g r o w i n g e v i d e n c e f o r 
p r e - f l a r e a c t i v a t i o n o f f i l a m e n t s s e v e r a l m i n u t e s b e f o r e t h e i m p u l s i v e 
p h a s e ( K a h l e r et al., 1 9 8 8 ) . S o f t X - r a y enhancement i s a l s o s e e n s e v e r a l 
m i n u t e s b e f o r e t h e f l a r e . The buoyancy t i m e s c a l e , g i v e n by ( A / g ) , i s 
« 5 m i n u t e s f o r a s c a l e h e i g h t A o f 1 0 9 cm. T h i s c o u l d be c o n s t r u e d a s a 
s u p p o r t f o r t h e i n s t a b i l i t y d r i v e n s c e n a r i o f o r t h e f l a r e o u t l i n e d i n 
t h e p r e v i o u s s e c t i o n . The o b s e r v e d p r e - f l a r e h e a t i n g c o u l d t h e n be 
i n t e r p r e t e d a s t h e p r o g r e s s o f t h e thermal i n s t a b i l i t y . The A l f v e n 
t r a v e l t i m e , w h i c h i s t h e r e l e v a n t t i m e s c a l e f o r n o n - e q u i l i b r i u m , i s 
t e n s o f s e c o n d s f o r a s i m i l a r l e n g t h s c a l e and a f i e l d s t r e n g t h o f a f ew 
hundred G a u s s . I f t h i s s h o r t t i m e s c a l e i s e q u a t e d w i t h t h e t i m e s c a l e 
f o r t h e i m p u l s i v e p h a s e o f t h e f l a r e , t h e n t h e p r e - f l a r e a c t i v a t i o n 
r e q u i r e s an a d d i t i o n a l e x p l a n a t i o n i n t h e n o n - e q u i l i b r i u m s c e n a r i o . On 
t h e o t h e r hand, an i n s t a b i l i t y d r i v e n s c e n a r i o would r e q u i r e a p r e - f l a r e 
s t a g e on t h e b u o y a n c y t i m e s c a l e , w h i l e t h e o n s e t o f t h e f l a r e p r o p e r can 
b e i n t e r p r e t e d a s t h e t h e o n s e t o f r e c o n n e c t i o n c a u s e d by l a r g e m a g n e t i c 
f i e l d g r a d i e n t s o r e l e c t r i c f i e l d s c r e a t e d from t h e r a p i d l y c h a n g i n g 
m a g n e t i c f i e l d . 
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4 . D i s c u s s i o n and C o n c l u s i o n s 

C h o o s i n g b e t w e e n i n s t a b i l i t y d r i v e n and n o n - e q u i l i b r i u m d r i v e n f l a r e 
s c e n a r i o s i s n o t a p e d a g o g i c a l e x e r c i s e . O b s e r v e r s , i n p a r t i c u l a r , a r e 
i n t e r e s t e d i n c l u e s t h a t would h e l p i n p r e d i c - t i n g t h e l o c a t i o n and 
t i m e o f f l a r e o n s e t . A n o n - e q u i l i b r i u m s c e n a r i o i m p l i e s t h e s e a r c h f o r 
a c r i t i c a l p a r a m e t e r o f t h e e q u i l i b r i a , w h i l e t h e thermal i n s t a b i l i t y 
s c e n a r i o i m p l i e s t h e s e a r c h f o r t r i g g e r s . A l t h o u g h t h e S k y l a b d a t a 
showed some e v i d e n c e f o r t r i g g e r s , t h e SMM r e s u l t s d i d n o t p r o v e t o b e 
e q - a l l y c o n v i n c i n g . The m o d e l l i n g o f t h e 3-D m a g n e t i c c o n f i g u r a t i o n 
b a s e d on boundary c o n d i t i o n s s p e c i f i e d a t t h e p h o t o s p h e r e w i l l a l s o h e l p 
i n d i s c r i m i n a t i n g b e t w e e n p o t e n t i a l l y f l a r i n g and n o n - f l a r i n g r e g i o n s 
w i t h e q u a l e x t e n t o f m a g n e t i c s h e a r a l o n g t h e p o l a r i t y i n v e r s i o n l i n e . 
A p r o m i s i n g c r i t e r i o n i s t h e v e r t i c a l g r a d i e n t o f s h e a r r e f l e c t e d , 
p e r h a p s , i n t h e l a t e r a l g r a d i e n t o f t h e s h e a r a c r o s s t h e n e u t r a l l i n e . 
S e a r c h i n g f o r s i m i l a r c r i t e r i a i n o b s e r v e d v e c t o r magnetograms w i l l be 
c e r t a i n l y u s e f u l . The e x p e c t a t i o n i s t h a t c o n f i g u r a t i o n s w i t h a s m a l l e r 
v e r t i c a l g r a d i e n t o f m a g n e t i c s h e a r e x e r t more p r e s s u r e on t h e o v e r l y i n g 
f i e l d and t h u s s h o u l d be more p r o n e t o e r u p t i n a f l a r e . In c o n c l u s i o n , 
t h e s i g n a t u r e o f l a r g e s h e a r a t f l a r e s i t e s a l l o w s u s t o c o n s i d e r 
i n s t a b i l i t y d r i v e n s c e n a r i o s f o r f l a r e s . The f a i l u r e t o i d e n t i f y a 
c r i t i c a l p a r a m e t e r f o r l o s s o f e q u i l i b r i u m e i t h e r from s p e c i f y i n g 
p h y s i c a l boundary c o n d i t i o n s o r from o b s e r v a t i o n s s h o u l d u r g e u s t o 
l o o k beyond t h e n o n - e q u i l i b r i u m d r i v e n f l a r e s c e n a r i o s . 
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DISCUSSION 

VARMA: What instability are you envisaging? 

VENKATAKRISHNAN: I am envisaging a thermal instability for this process, but have 
not done any stability analysis to identify it precisely. 

VERMA: (i) Is there any relation between magnetic shearing in the active region and the 
type of solar flares? 
(ii) Can we know on the basis of magnetic shearing in the active region whether the flares 
will be impulsive or gradual? 
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VENKATAKRISHNAN: (i) The observations of vector magnetic fields in active regions 
so far have concentrated on two-ribbon flares. We do not know yet whether compact flares 
are associated with locations of large magnetic shear or whether these can be produced even 
in less sheared regions. 
(ii) Since the association of flares with magnetic shear has been established for very few 
cases, it is difficult to give any prediction on the absence or presence of the impulsive phase 
based purely on the shear. 
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