
T H E S I G N I F I C A N C E O F T H E P O L A R I Z A T I O N O F S O L A R 

S H O R T - W A V E L E N G T H X - R A Y S 

G . ELWERT 

( Lehrstuhl fur Theoretische Astrophysik, Universitdt Tubingen, Germany) 

F o r t h e i n t e r p r e t a t i o n of t h e phys ica l even ts o c c u r r i n g a t t h e beg inn ing of a flare 
it seems to be significant n o t o n l y t o obse rve t h e spec t r a of t h e s h o r t - w a v e l e n g t h X- ray 
r a d i a t i o n b u t a l so its p o l a r i z a t i o n . So la r X - r a y spec t r a be low 10 A d u r i n g flares 
obse rved by Bowen et al. (1964) s h o w in t h e r eg ion of l o n g w a v e l e n g t h a s low fall 
in the i r in tens i ty a n d be low 5 A a p p r o x i m a t e l y a r ap i d fall ( F i g u r e 1). T h i s spect ra l 
v a r i a t i o n c a n n o t be u n d e r s t o o d o n t h e bas is of t h e r m a l r a d i a t i o n on ly . H o w e v e r , it 
is poss ib le t o expla in t h e obse rved spec t r a by a s s u m i n g a s u p e r p o s i t i o n of a t h e r m a l 
r a d i a t i o n as well as a n o n - t h e r m a l o n e . Indeed , o n e s h o u l d a s s u m e t h a t t h e fast 
e l ec t rons , d u r i n g the i r acce le ra t ion , o b t a i n a p re fe r red d i rec t ion a n d t h a t on ly after-
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F I G . 1. Solar X-ray spectra as observed by Bowen et al. (1964). 
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w a r d s the i r velocity d i s t r i bu t i on b e c o m e s a Maxwe l l i an o n e . T h e a s s u m p t i o n of t he 
exis tence of a n o n - M a x w e l l i a n d i s t r i bu t i on of e l ec t rons in t he b e g i n n i n g of a flare is a l so 
s u p p o r t e d by t h e fact t h a t t h e r ise in in tens i ty by m o r e t h a n o n e o r d e r of m a g n i t u d e 
t a k e s p lace in a few m i n u t e s . T h i s p o i n t h a s a l r eady been e m p h a s i s e d by B o w e n et al 

A c c o r d i n g l y o n e is led t o t he i n t e r p r e t a t i o n t h a t t he n o n - t h e r m a l p a r t is p r o d u c e d 
by e lec t rons m o v i n g in a prefer red d i rec t ion . Th i s i n t e r p r e t a t i o n t h e n c o r r e s p o n d s t o 
t h e con jec tu re of D e J a g e r a n d K u n d u (1963), a c c o r d i n g t o w h i c h e l ec t rons acce le ra ted 
in a magne t ica l ly neu t r a l z o n e of a flare a n d m o v i n g t o w a r d s t h e p h o t o s p h e r e gene ra te 
X - r a y b r e m s s t r a h l u n g in t h e d e e p e r a t m o s p h e r e , whi le t h e o u t g o i n g e lec t rons cause 
a t y p e - I l l bu r s t ( F i g u r e 2) . T h e m o d e l p r o p o s e d by T a k a k u r a a n d K a i (1966) w o u l d 
a l so p rov ide e l ec t rons m o v i n g in a preferred d i rec t ion . In th is case t h e energet ic 
e lec t rons a re t r a p p e d in a m a g n e t i c t u b e s i tua ted in t he lower c o r o n a be tween b ipo la r 
sun spots (F igu re 3). N o w , t he p o i n t is t h a t for the fast e lec t rons m o v i n g in a preferred 
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FIG. 2 . Flare model according to De Jager and Kundu (1963). 
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FIG. 3. Flare model according to Takakura and Kai (1966). 
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d i rec t ion t he X - r a y b r e m s s t r a h l u n g shou ld b e a p p r e c i a b l y p o l a r i z e d be low 8 A 
a p p r o x i m a t e l y . 

T o get a n idea of t h e p o l a r i z a t i o n w h i c h can be expec ted , we d iscuss in t h e fo l lowing 
t h e u p p e r m o s t s p e c t r u m o b s e r v e d by Bowen et al. T h e in tens i ty of t h e r a d i a t i o n before 
t h e flare c o r r e s p o n d i n g t o a t e m p e r a t u r e of l - 5 x l 0 6 o K is s u b t r a c t e d f rom t h e 
m e a s u r e d o n e t o give t h e d a s h e d cu rve . These curves a re r ep re sen t ed a g a i n in F igu re 4. 
T h e d i s t r i bu t ion func t ion / ( £ ) of t h e e l ec t ron energy , w h i c h a l lows o n e t o r ep re sen t 
t h e difference curve as X - r a y b r e m s s t r a h l u n g of d i rec ted e l ec t rons , w a s ca lcu la ted 
neg lec t ing a poss ib le c o n t r i b u t i o n o f r e c o m b i n a t i o n r a d i a t i o n . T h i s func t ion f(E) 
wi th a m a x i m u m of a b o u t 2 keV c a n be a p p r o x i m a t e d by a d iscre te ene rgy s p e c t r u m , 
w h i c h is a l so s h o w n in F i g u r e 4. 

T h e degree of p o l a r i z a t i o n of t h e X - r a d i a t i o n was t h e n d e t e r m i n e d as a func t ion 
of t h e angle 6 be tween t h e d i r ec t ion of o b s e r v a t i o n a n d t h e d i r ec t ion of t h e e lec t rons 
( F i g u r e 5). Th i s ca lcu la t ion , as well as t h e d e t e r m i n a t i o n o f / ( £ ) , h a s been p e r f o r m e d 
b y o n e of m y c o - w o r k e r s , D r . H a u g . 

P o l a r i z a t ion 

FIG. 5. Calculated X-ray polarization P. 

T h e po l a r i za t i on P a t t a i n s i ts m a x i m u m va lue w h e n obse rved a t r i gh t ang le t o t he 
d i r ec t ion of t h e e l ec t ron b e a m (6=90°) i.e., i n t h e case of a r ad i a l b e a m c o r r e s p o n d i n g 
t o t h e m o d e l o f D e J a g e r a n d K u n d u for a flare a t t h e l i m b of t h e S u n . O n t h e o the r 
h a n d , t he po la r i za t ion goes t o ze ro w h e n obse rved o p p o s i t e t o t h e d i r ec t ion of t he 
e l ec t ron b e a m (0 = 180°), i.e., in t h e case of e l ec t rons m o v i n g i n w a r d rad ia l ly for a 
flare o c c u r r i n g a t t h e cen t r e of t h e S u n ' s disk. F o r t h e m o d e l of T a k a k u r a a n d K a i , 
a c c o r d i n g to wh ich the e l ec t rons m o v e essent ial ly para l le l t o t h e S u n ' s surface , t he 
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m a x i m u m va lue of P w o u l d be o b t a i n e d for a flare a t t h e cen t r e of t h e S u n ' s d isk . 
W e see f rom F igure 5 t h a t t h e m a x i m u m values of po l a r i z a t i on a r e nea r ly 6 0 % at 

7 A a n d prac t ica l ly 100% a t 4 A. O b s e r v e d u n d e r 150° w i t h r e g a r d t o t h e d i rec t ion 
of t h e e lec t ron b e a m (in case of t h e m o d e l of D e J a g e r a n d K u n d u , i.e., for a flare 
o c c u r r i n g a t a he l iocent r ic ang le o f 30°), o n e o b t a i n s a p o l a r i z a t i o n of near ly 30% 
a t 7 A a n d prac t ica l ly 100% a t 4 A. 

T h e s p e c t r u m used in o u r ca l cu l a t ions w a s o b s e r v e d a t t h e t i m e of m a x i m u m 
in tens i ty of X - r a y flares. T h u s , o u r ca l cu l a t ions lead t o t h e c o n c l u s i o n t h a t it s h o u l d 
be poss ib le t o es tab l i sh d u r i n g th i s t i m e a n a p p r e c i a b l e deg ree o f p o l a r i z a t i o n of 
s h o r t - w a v e b r e m s s t r a h l u n g X - r a y s . By m e a s u r i n g t h e p o l a r i z a t i o n , t h e m o d e l s in 
w h i c h t h e fast e lec t rons h a v e a prefer red d i rec t ion co u l d the re fo re be tes ted . T h e 
deg ree of po l a r i za t i on w o u l d inc rease wi th dec reas ing wave l eng th . If n o p o l a r i z a t i o n 
is f o u n d , each m o d e l in wh ich t h e e lec t rons h a v e a t all a p re fe r red d i rec t ion w o u l d 
t h e n be ru led ou t . A p r o p o s a l t o p e r f o r m these m e a s u r e m e n t s h a s been accep ted by 
t h e sun g r o u p of E S R O . 

A s A c t o n h a s r e p o r t e d (1968) , t h e sho r t -wave leng th X - r a d i a t i o n be low 3 A obse rved 
d u r i n g u n d i s t u r b e d c o n d i t i o n s c a n ne i the r be expla ined as t h e r m a l r a d i a t i o n . M o s t 
p r o b a b l y , the n o n - t h e r m a l r a d i a t i o n is a lso gene ra t ed as b r e m s s t r a h l u n g by e lec t rons 
w i th a preferred d i rec t ion . C o n s e q u e n t l y o n e can expec t a s u b s t a n t i a l degree of 
p o l a r i z a t i o n . 

M o r e detai ls will be pub l i shed e l sewhere . 
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D I S C U S S I O N 

Ohman: Have you also developed some new schemes for measuring polarization? 
Elwert: The polarization may be measured by standard technique, i.e. Thomson or Barkla effect; 

one measures the intensity of the scattered radiation as a function of the direction. Another possibility 
is to use the Borrmann effect. Borrmann has shown that X-rays incident under Braggs angle on a 
perfect crystal undergo no absorption and that the forward-diffracted beam is polarized orthogonal 
to the plane of scattering. 
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