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A B S T R A C T 

A measurement of the solar X-ray spectrum in the 1-30 K e V interval was made by rocket-borne 
instruments at 0015 U T on April 5, 1967. These measurements show that the solar X-ray spectrum, 
which falls off steeply with energy below 4 KeV, becomes less steep above this energy. These data 
are taken to indicate that energetic, non-thermal, electrons are present or continuously produced 
in quiescent solar active regions. N o optical flare activity was reported for several hours around the 
time of these observations. 

1. The Experiment 

A so la r ac t ive reg ion r ep re sen t s a r e m a r k a b l e c o n c e n t r a t i o n of ene rge t i c p h e n o m e n a 

exemplif ied by the t r e m e n d o u s o u t p o u r i n g of energy as soc ia t ed w i t h so la r flares 

w h i c h , a l t h o u g h long recogn ized , still r e m a i n to be u n d e r s t o o d . A s t u d y of t h e 

qu iescen t s ta te of act ive r eg ions c a n a d v a n c e o u r k n o w l e d g e of t h e phys ica l n a t u r e 

o f s u c h reg ions a n d hence t h e sou rces o f flare energy . 

A n e x p e r i m e n t to inves t iga te t h e qu iescen t s ta te of so la r ac t ive r eg ions w a s car r ied 

o u t by i n s t r u m e n t s flown o n a sp in-s tabi l ized rocke t , wh ich was l a u n c h e d f rom W h i t e 

S a n d s Missi le R a n g e , N . M . , a t 0015 U T o n Apr i l 5, 1967. T h e n o s e of t h e sp inn ing 

r o c k e t w a s p o i n t e d a p p r o x i m a t e l y a t t h e zen i th wi th a y a w c o n e h a v i n g a ha l f ang le 

of a b o u t 5°. X- r ay de t ec to r s were m o u n t e d so as t o l o o k o u t t h e sides o f t h e rocke t . 

T h e S u n was loca ted in t h e W e s t a t a zen i th ang le of a p p r o x i m a t e l y 75° . T h e exper i ­

m e n t d id n o t p r o v i d e a n y i n f o r m a t i o n c o n c e r n i n g t h e pos i t i ons o f t h e X - r a y sources 

o n t h e S u n . H o w e v e r , r ecen t X - r a y p h o t o g r a p h s o f t h e S u n ( G i a c c o n i et al., 1965 ; 

P o u n d s a n d Russel l , 1966; U n d e r w o o d a n d M u n e y , 1967; Z h i t n i k et al., 1967) seem 

to es tabl i sh conclusively t h a t t h e emis s ion of t he h a r d e r X - r a y s is res t r ic ted t o cen t res 

of ac t iv i ty . 

T h e ob jec t of t h e e x p e r i m e n t w a s t o m e a s u r e t h e so la r X - r a y emiss ion in t h e 1 K e V 

(12 A) t o 30 K e V (0-4 A) r eg ion . T h e r a d i a t i o n sensors w e r e e ight gas-filled p r o ­

p o r t i o n a l c o u n t e r s wi th a t o t a l a r e a of 0*34 m 2 . T h e s ignals f rom these p r o p o r t i o n a l 
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c o u n t e r s were p rocessed by five different p u l s e - a m p l i t u d e m e a s u r i n g sys tems wh ich 
were e q u i p p e d wi th a var ie ty of p rov i s ions for r e d u c i n g t h e de le t e r ious effects of t h e 
cosmic - ray e n v i r o n m e n t . T h e p r i m a r y i n s t r u m e n t , w h i c h y ie lded t h e m o s t precise 
m e a s u r e m e n t of t he so la r X - r a y s p e c t r u m , cons i s ted of fou r p r o p o r t i o n a l c o u n t e r s 
of to ta l a r ea 0-23 m 2 . F i g u r e 1 i l lus t ra tes t h e c o m p u t e d p h o t o n - d e t e c t i o n efficiency 
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F I G . 1. Typical photon-detection efficiency of the proportional counters used in the primary system. 
Four such counters were used to feed the primary pulse-height analyzer. The energy resolution (full 
width at half maximum) of these counters at 6 KeV was better than 20% over the entire window area. 

of each of t he four c o u n t e r s of t h e p r i m a r y i n s t r u m e n t . T h e s e c o u n t e r s w e r e e q u i p p e d 
w i th f ie ld-shaping e lec t rodes so t h a t t h e ga in a n d r e so lu t ion were u n i f o r m t o wi th in 
a few pe rcen t over t h e en t i re w i n d o w area . Pulses f rom these c o u n t e r s were fed in to 
a single ana log- to -d ig i t a l pu l se -he igh t ana lyze r w h i c h w a s d e v e l o p e d specifically for 
th is e x p e r i m e n t ( R e e d et al, 1968). T h e ana lyze r w a s des igned so t h a t h igh pulse ra tes 
c o u l d be h a n d l e d a n d a c o m p l e t e 16 -channe l s p e c t r u m w a s r e a d o u t every 5 mill i­
s e c o n d s , wi th n o d e a d t i m e i n t r o d u c e d by t h e r e a d - o u t p roces s . T h e c h a n n e l s of this 
ana lyze r were a r r a n g e d so t h a t t h e c h a n n e l w i d t h s in t h e 3-8-5 K e V in te rva l were 
a p p r o x i m a t e l y 0-5 K e V . T h e h i g h e r energy c h a n n e l s were set w ide r b e c a u s e o f t h e 
a n t i c i p a t e d lower p h o t o n flux a t these energ ies . A very i m p o r t a n t f ea tu re of this X - r a y 
de t ec t ion sys tem was a pu l se r i se - t ime d i s c r i m i n a t i o n c i rcu i t w h i c h re jec ted a h igh 
p e r c e n t a g e of t h e pu l ses p r o d u c e d in t h e p r o p o r t i o n a l c o u n t e r s b y c o s m i c rays whi le 
accep t ing t he pu lses p r o d u c e d b y X - r a y s . T h i s c i rcui t w a s d e v e l o p e d especia l ly for 
th is expe r imen t by D r . R . C . C a t u r a of this l a b o r a t o r y . T h e t e c h n i q u e w a s first used 
by M a t h i e s o n a n d S a n f o r d (1963) . 
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2. T h e Data 

It is i m p o r t a n t t o e m p h a s i z e t h a t t h e fo l lowing d i scuss ion of t h e e x p e r i m e n t a l 
resu l t s r ep resen t s a p r e l i m i n a r y ana lys i s of t he d a t a f rom t h e flight. T h e poss ibi l i ty 
exists t h a t sys temat ic e r r o r s r e m a i n , b o t h in o u r u n d e r s t a n d i n g of t h e p e r f o r m a n c e 
of t h e i n s t r u m e n t s a n d in t h e d a t a - r e d u c t i o n t echn iques which h a v e been used . 
H o w e v e r , t h e i n t e rna l cons i s t ency of t h e ini t ial r e d u c t i o n o f these d a t a is such t h a t 
p r e l i m i n a r y conc lus ions m a y b e d r a w n a t th is t ime . 

F i g u r e 2 p resen t s e x a m p l e s of t h e a z i m u t h a l d i s t r i bu t i on of d e t e c t o r c o u n t s r eco rded 
in t h r e e different pu l se -he igh t in te rva l s , o r channe l s , of t h e p r i m a r y i n s t r u m e n t . These 
d a t a were acqu i r ed in 94 sec a n d r e p r e s e n t a s u m over 176 rol ls of t he s p i n n i n g rocke t . 

M o s t of t h e n o n - s o l a r o r ' b a c k g r o u n d ' s ignal is c a u s e d by diffuse c o s m i c X - r a y s 
a n d un re so lved cosmic X - r a y sou rce s . T h e s inuso ida l v a r i a t i o n w i th a z i m u t h of th is 
s igna l is i n t r o d u c e d by t h e t i l t , t o w a r d t h e N o r t h , of t h e r o c k e t rol l axis . C h a n n e l s 
5 a n d 15 have a d is t inc t m a x i m u m in t h e Wes t , t h e pos i t i on of t h e S u n a t t h e t i m e of 
t h e flight. T h e d a t a in t h e figure h a v e n o t been co r rec t ed for sys tem d e a d - t i m e . 
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F I G . 2. Azimuthal distribution of signals from three channels of the primary system summed over 
176 rolls of the spinning rocket. The width of the solar peak corresponds to the detector field of view 
in the direction normal to the spin axis of the rocket. 
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T h e so la r s ignal is n o t ev iden t in c h a n n e l 13 w h e r e t he s ignal t o b a c k g r o u n d r a t i o is 
p o o r e r t h a n in t h e o t h e r c h a n n e l s . 

A p re l imina ry so la r s p e c t r u m , der ived f rom a pa r t i a l r e d u c t i o n of t h e flight d a t a , 
is p r e sen t ed in F igu re 3 . T h e s ta t is t ical unce r t a in t i e s of these d a t a a r e smal l , a n d in 
m o s t cases a r e r o u g h l y t h e size of t h e p o i n t s wh ich h a v e been p l o t t e d . H o w e v e r , w i th 
t h e excep t ion of the m e a s u r e m e n t s be low 3 K e V , t h e d a t a have not been cor rec ted 
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F I G . 3. Solar X-ray spectrum derived from a preliminary analysis of a portion of the data from four 
of the five X-ray detection systems flown on April 5, 1967. The data from each system are indicated by 
different symbols. Those points from the primary system are represented by filled circles. With the 
exception of the data indicated by the open circles, none of the data have been corrected for system 
dead-time. It is anticipated that the properly corrected data will not exhibit a pronounced minimum in 
the spectrum in the 8-14 KeV interval. The horizontal bar indicates the energy resolution (full width 
at half maximum) of the primary system at 6*4 KeV. 

for t he d e a d - t i m e of t h e p u l s e - a m p l i t u d e m e a s u r i n g sys tems . T h e s e co r r ec t i ons a re in 
genera l less t h a n 2 0 % , b u t t hey m a y significantly a l te r t h e a p p e a r a n c e of t h e s p e c t r u m 
a t t h e h ighe r energies . W e a n t i c i p a t e t h a t t h e a p p a r e n t m i n i m u m in t h e s p e c t r u m in 
t h e 8 -14 K e V in te rva l will d i s a p p e a r o r b e c o m e less p r o n o u n c e d w h e n t h e co r rec t ions 
for d e a d - t i m e a re p r o p e r l y t a k e n in to a c c o u n t . 
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3 . T h e In te rpre ta t ion 

F i g u r e 4 is a r e p r o d u c t i o n of a S a c r a m e n t o P e a k O b s e r v a t o r y H a filtergram t aken 
a p p r o x i m a t e l y 9\ h o u r s p r i o r t o t h e t i m e of t he flight. A t t h e t i m e of t h e flight t he re 
w a s a c o m p l e x of o ld ac t ive r eg ions o n t h e S u n in t he N o r t h e r n h e m i s p h e r e . T h e r e 
were a l so four act ive r eg ions in t h e S o u t h e r n h e m i s p h e r e , t w o of w h i c h p r o d u c e d the 
o n l y flares wi th in 12 h o u r s of o u r flight. T h e t w o ex t remely act ive r eg ions t h a t h a d 
c rossed the d isk d u r i n g t h e t w o w e e k s p r i o r t o t he flight h a d passed the W e s t e r n l imb 
t w o days earl ier . I t is poss ib le t h a t s o m e of t he X- ray emiss ion r e c o r d e d by t h e rocke t 
i n s t r u m e n t s c a m e f rom t h e c o r o n a over ly ing these t w o reg ions . 

I t seems unl ikely t h a t ' f lare ' X - r a y s c o n t r i b u t e d t o t he s p e c t r u m of F i g u r e 3. T h e r e 
w e r e n o r e p o r t e d flares o r sub-f lares wi th in t he t ime in te rva l of 3 h o u r s p r i o r to flight 
t i m e t o 7 h o u r s after t h e t i m e of t h e flight. 

W h i l e it is i n a p p r o p r i a t e t o d r a w extensive conc lu s ions f rom these p re l imina ry 
resu l t s t h e fo l lowing fea tures m a y be m e n t i o n e d . T h e m e a s u r e m e n t s of t h e so lar 

F I G . 4 . HOL filtergram of the Sun taken at 1448 UT on April 4, 1967. (Courtesy of Sacramento Peak 
Observatory.) 
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s p e c t r u m a t energies be low 4 K e V a r e cons i s t en t wi th t h o s e of o t h e r w o r k e r s (Bowles 
et al., 1967). T h e obse rved X - r a y in tens i ty lies be tween t h a t r e p o r t e d by C h o d i l et al. 
(1965) a n d t h a t of U n d e r w o o d given by Bowles et al. (1967) . F r i t z et al. (1967) h a v e 
s h o w n t h a t t he X - r a y s p e c t r u m a t energies be low 6 K e V is d o m i n a t e d by emiss ion 
l ines . 

T h e s lope of t he X - r a y s p e c t r u m a b o v e 4 K e V in energy is m a r k e d l y less s teep t h a n 
a t t h e lower energies . A s econd c h a n g e in t h e n a t u r e of t he so la r X - r a y s p e c t r u m 
a p p e a r s t o occu r in t h e 8 -12 K e V in te rva l w h e r e t h e s p e c t r u m b e c o m e s a p p r o x i m a t e l y 
flat, ex t end ing to t h e u p p e r l imi t of t h e m o s t re l iable d a t a a t 22 K e V . T h e flux wh ich 
we obse rved a r o u n d 15 K e V is a l m o s t t w o decades h igher t h a n t h e u p p e r l imit given 
by P e t e r s o n et al. (1966) for F e b r u a r y 18, 1966 a n d a b o u t five d ecad es be low t h a t 
r e p o r t e d by C h u b b et al. (1966) f r o m the i r p ionee r ing o b s e r v a t i o n s m a d e in 1959. 
H o w e v e r , o u r d a t a a p p e a r t o be cons i s t en t w i th t h e m e a s u r e m e n t s r e p o r t e d by 
Pe t e r son (1967) for t h e 7-7-12-5 K e V a n d 12-22 K e V c h a n n e l s of his O S O - 3 ins t ru ­
m e n t . 

W e believe t h a t t h e ex t ens ion of t h e so la r X - r a y s p e c t r u m a b o v e a p p r o x i m a t e l y 
6 K e V is s t rong ly ind ica t ive of n o n - t h e r m a l p rocesses t a k i n g p lace in t he ac t ive 
reg ions on t h e S u n w h i c h w e r e qu iescen t a t t h e t i m e of o u r flight. I n d e e d , t h e relat ively 
flat s p e c t r u m e x t e n d i n g t o h igh energies b e y o n d 12 K e V m a y be b r e m s s t r a h l u n g f rom 
relat ivist ic e lec t rons e i the r t r a p p e d o r con t inua l l y p r o d u c e d w i th in t h e cent res of 
act ivi ty . F u r t h e r ana lys i s of these d a t a a n d a d d i t i o n a l m e a s u r e m e n t s of t h e k ind m a d e 
d u r i n g this flight s h o w p r o m i s e for he lp ing t o u n d e r s t a n d the phys ics of so la r act ive 
reg ions . 

N o t e added in proof: I t h a s n o t yet been poss ib le t o reconci le t h e so l a r d a t a of t he 
t h r e e l a rge-a rea sys tems for p h o t o n energies g rea te r t h a n 8 K e V . T h e r e f o r e we c o n ­
s ider it adv i sab le t o t r e a t wi th c a u t i o n t he d a t a a b o v e 8 K e V f rom th is e x p e r i m e n t 
unt i l such t i m e as these p a r t i c u l a r m e a s u r e m e n t s a r e be t t e r u n d e r s t o o d o r unt i l i nde ­
p e n d e n t conf i rma t ion of a flat so l a r X - r a y sp ec t ru m in t he 8-22 K e V in terval is 
o b t a i n e d . 
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