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A B S T R A C T 

The Csi scintillator telescope aboard IMP-III indicated a peak intensity of 6-25 proton/sec c m 2 

ster for a SPE (Solar Proton Event) commencing during the period 1600 to 1700 U T on August 28, 
1966. This SPE appears to have been associated with the importance 2 -3 flare occurring at 22N/06S 
at 1522 U T on this date. The comparison of this event to other large proton events occurring during 
the period May 25 ,1965 to September 30, 1966, is made. 

1. Experiment 

T h e d a t a for this ana lys i s w a s supp l ied by t h e G S F C m e d i u m - e n e r g y sc int i l la tor 
cosmic - r ay te lescope , a b o a r d I M P - I I I . Th i s device, s h o w n schemat i ca l ly in F igu re 1, 
w a s a l so flown o n I M P - I , I M P - I I , a n d t h e recent ly l a u n c h e d I M P - I V , t h u s p ro v i d i n g 
t h e l o n g - t e r m m o n i t o r i n g of H a n d H e in the r a n g e of 1 6 - 8 0 M e V / n u c l e o n . A brief 
desc r ip t ion of th is te lescope is g iven by B a l a s u b r a h m a n y a n et al. (1966) a n d Bryan t 
et al. (1962). 

Briefly, t he te lescope cons is t s of a \-mmCsI AE d e t e c t o r 5 c m in d i a m e t e r , A, 
s e p a r a t e d by 10 c m f r o m a 2-cm Csi E-A E de tec to r B of t h e s a m e d i a m e t e r . T h e la t te r 
is s u r r o u n d e d by a n an t i - co inc idence c o u n t e r of P i lo t -B sc in t i l l a tor p las t ic , C. T h r e e 
p h o t o m u l t i p l i e r t ubes l o o k a t t h e l ight o u t p u t of e ach of these de t ec to r s . T h e th in 
d e t e c t o r measu re s t he ene rgy loss AE of a par t ic le comple t e ly p e n e t r a t i n g it, whi le 
t h e th i ck de tec to r ha s a l ight o u t p u t p r o p o r t i o n a l t o t h e a m o u n t of energy E-AE 
d e p o s i t e d by a par t ic le s t o p p i n g in it after pass ing t h r o u g h t h e t h in de tec to r . I t is 
r ead i ly seen t h a t t h e des i red co inc idence for d e t e r m i n i n g t h e c h a r g e - m a s s r a t i o of t h e 
i nc iden t par t ic le is ABC, i.e., t h e pa r t i c l e m u s t p e n e t r a t e A a n d B b u t n o t pass i n t o C . 

T h e to t a l c o u n t s o b e y i n g th i s co inc idence a re s a m p l e d for 40 sec every 400 sec d a t a 
cycle a n d s to red in a n a c c u m u l a t o r . Six t imes d u r i n g th i s d a t a cycle t h e energy of a 
pa r t i c l e satisfying t h e ABC co inc idence is s amp led a n d ana lyzed by t w o 512-channe l 
differential pu l se -he igh t ana lyse r s , o n e each for t h e AE a n d E-AE c rys ta l s . A c o u n t 
f r o m these t w o P H A ' s m a y b e cons ide r ed to o c c u p y a d iscre te pos i t i on on a AE 
versus E-AE p lo t , as s h o w n in F i g u r e 2. Because of the i r u n i q u e c h a r g e - t o - m a s s r a t i o , 
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F I G . 1 . Schematic of 1MP-III medium-energy cosmic-ray telescope. 
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F I G . 2. Schematic of AE vs. E-AE array with proton curve and differential energy-counting regions 
shown. 
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p r o t o n c o u n t s will o c c u p y a ce r t a in reg ion of this p lo t , as signified by t h e solid cu rve 
in F igu re 2. T h e m e a n g e o m e t r y fac tor for this te lescope was ca lcu la ted t o be 3-4 c m 2 

ster , a n d the c o u n t i n g t i m e for t h e ABC co inc idence is d e t e r m i n e d by t h e t i m e t h a t 
t h e a c c u m u l a t o r is o p e n t o such events , i.e. ~ 4 0 sec. 

2. Analysis 

If NC is the to ta l c o u n t s d u r i n g a t i m e 7 , a n d G is t h e g e o m e t r y fac to r t hen t h e 
inc iden t par t ic le in tens i ty is given b y 

/ = JV C/TG. (1) 

T h i s in tens i ty , of cour se , inc ludes H e a n d e lec t rons as well as H . In o r d e r t o de ter ­
m i n e t h e in tens i ty of p r o t o n s only , o n e m u s t find the f rac t ion of t h e to t a l c o u n t s t h a t 
h a v e t h e cha rge - to -mass r a t i o c o r r e s p o n d i n g t o H . T h i s is a c c o m p l i s h e d by c o u n t i n g 
t h e n u m b e r of events o c c u r r i n g in t h e prescr ibed p r o t o n reg ion in t h e AE versus 
E-AE a r r a y dep ic ted in F i g u r e 2. F o r t h e presen t s t u d y 6 h o u r ave rages of t h e ABC 
co inc idence c o u n t s were t a k e n a n d d u r i n g t he s a m e t i m e p e r i o d t h e c o u n t s in t h e 
' b o x e s ' s h o w n in F igure 2 were m a d e , as well as t h e t o t a l n u m b e r of c o u n t s in t h e 
en t i r e a r r ay . T h e th ree boxes c o r r e s p o n d t o t he coa r se differential en e rg y ranges 
16-38 M e V , 3 8 - 5 9 M e V , a n d 5 9 - 8 0 M e V . 

If NA, NB a n d NC a r e t h e n u m b e r of c o u n t s in each of t h e boxes in a s c e n d i n g energy , 
respect ively, t h e n t he to t a l n u m b e r of p r o t o n s c o u n t e d be tween 16 a n d 80 M e V is 

NT = NA + NB + NC. (2) 

N o w if NM is t h e to ta l n u m b e r of c o u n t s in t h e a r r a y for t h e s a m e pe r iod , t h e ra t ios 
of t h e p r o t o n s t o to ta l n u m b e r of par t ic les s amp led is given by 

RT = NT/NM ( 1 6 - 8 0 M e V ) (3) 

RA = "AINM ( 16 -38 M e V ) (4) 

RB = NB/NM ( 3 8 - 5 9 M e V ) (5) 

Rc = NJNM ( 5 9 - 8 0 M e V ) . (6) 

T h e p r o t o n intensi t ies a r e n o w d i rec t ly c o m p u t e d b y t h e p r o d u c t s , 

JT = RTI ( 1 6 - 8 0 M e V ) , (7) 
e tc . 

Because of t he m a n i p u l a t i o n s o f t h e 512 by 512 a r r a y s a n d t h e la rge n u m b e r of 
re la ted ca lcu la t ions , a h igh - speed c o m p u t e r w a s ut i l ized for these c o m p u t a t i o n s . 

Results 

T h e so lar p r o t o n event ( S P E ) of A u g u s t 28, 1966 a p p e a r s f rom the a b o v e calcu-
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l a t ions t o have a d o u b l e - p e a k e d s t ruc tu re , t h e t w o p e a k s o c c u r r i n g a t 2100 on A u g u s t 
28 a n d 0300 on A u g u s t 30, as s h o w n in F i g u r e 3. Reca l l ing t h a t t h e t i m e reso lu t ion 
of th is analys is is 6 h o u r s , t he c o m m e n c e m e n t t imes of these t w o even t s a r e a t 1500 
( A u g u s t 28) a n d 2100 ( A u g u s t 29) . T h e p e a k - p r o t o n in tensi t ies for 16 ^ E ^ 80 M e V 
a re 6-25 a n d 4-2 p r o t o n s / s e c c m 2 s ter , respect ively. I t is n o t e d ( E S S A , 1966) t h a t the re 
was a 3 B - i m p o r t a n c e flare a t 1522 on A u g u s t 28 a n d a I N i m p o r t a n c e flare a t 2114 
on A u g u s t 29, as well as t h e o b s e r v a t i o n of type- IV r a d i o emiss ion a t 1547 a n d 2032 
o n these t w o da te s , respect ively , b o t h of in tens i ty 2 + . T h e r e is n o t e n o u g h infor­
m a t i o n a t p resen t t o d e t e r m i n e w h e t h e r t h e second p e a k is t h e resul t of a n o t h e r 
flare, o r if it r ep r e sen t s t h e a r r iva l of energe t ic s t o r m pa r t i c l e s . 

T 1 1 1 1 1 1 1 1 1 1 J 1 1 1 1 1 1 1 

FLARE S T A R T « 1522 
> IMPORTANCE - 2 B - 3 B 

DURATION » ~ 2 HR, 
McMATH P L A G E REGION* 8461 
POSITION • N22 / E 0 4 
F L A R E MAX. AT ~ 1530 

J I I I I I L I I I ' I ' I ! 

27 28 29 30 31 I 

F I G . 3. Time history of the SPE of August 28, 1966. 
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In F igure 4 a re s h o w n l inear p lo t s of t he in tens i ty ve rsus ene rgy for the th ree 
differential ene rgy r anges , g iving a c r u d e b u t s imple p i c tu re of t h e s p e c t r u m of these 
par t ic les . F r o m t h e s teep s lope of these curves , o n e can c o n c l u d e t h a t t o wi th in a few 
p e r c e n t t h e p e a k in tens i t ies c a n be i n t e rp re t ed as be ing co r r ec t for all energies ^ 1 6 
M e V for t h e so la r p r o t o n s . 

In F igu re 5 we s h o w t h e re la t ive differential in tensi t ies as a semi log p lo t of t h e 
exponen t i a l r igidi ty as given b y 

dJ fdJ\ 

T h e charac te r i s t i c differential in tens i ty (dJ/dR)0 a n d cha rac te r i s t i c r igidi ty R0 as 
yet h a v e n o precisely defined phys ica l m e a n i n g , b u t serve as a bas is for c o m p a r i n g 
different even ts as sugges ted by R i n e h a r t (1967). F o r th is p a r t i c u l a r even t t he m e a n 
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F I G . 4 . Six-hour energy spectra of the August 28, 1966 SPE. 
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F I G . 5 . Six-hour exponential rigidity spectra of the August 28, 1966 SPE. 

va lue of R0 is ~ 0 - 2 5 . T h i s va lue is c o m p a r a b l e t o values R i n e h a r t h a s c o m p u t e d for 
S P E ' s of several years a g o . 
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3 . Correlation with other S P E ' s and Related Phenomena 

Fichte l a n d M c D o n a l d (1967) h a v e sugges ted t h a t a n a r b i t r a r y c r i t e r ion of 0-5 
p ro tons / s ec c m 2 s ter is a g o o d va lue for t h e lower l imit of t h e p e a k in tens i ty of these 
p r o t o n events for co r r e l a t i on wi th opt ica l flares a n d type - IV r a d i o emiss ion . Th i s 
seems to be genera l ly t he case for t h e events p re sen ted in T a b l e 1. H e r e i n a r e t a b u l a t e d 
all events a p p e a r i n g a b o v e t h e m e a n - b a c k g r o u n d level of 0-007 p r o t o n s / s e c c m 2 ster. 
Excep t for t he even t s of O c t o b e r 4 , 1965, M a r c h 24, 1966, a n d t h e c o m p l e x event 
s t a r t i ng o n S e p t e m b e r 2, 1966, th i s does seem t o be t h e case . T o o u r k n o w l e d g e the re 
a r e s o m e g e o g r a p h i c g a p s in t h e r a d i o s p e c t r o g r a p h i c ave rage of t h e S u n d u r i n g these 
pa r t i cu l a r pe r iods , o r a t least we were u n a b l e t o find r e c o r d s of t y p e - I V emiss ion a t 
t h o s e t imes . 

Th i s survey of I M P m e d i u m - e n e r g y de tec to r d a t a is be ing e x t e n d e d t o give a c a t a l o g 
of p r o t o n events d u r i n g m o s t of t h e pe r iod of m i n i m u m so la r ac t iv i ty t o be pub l i shed . 

Table 1 

Summary of abrupt prolonged proton-intensity increases above mean background 1 for 

energies > 16 M e V for I M P - C , M a y 2 9 , 1 9 6 5 to September 3 0 , 1 9 6 6 

Peak Intensity Optical Flare Type IV 
Date T i m e b (proton/sec cm 2 ster) Time Impor. Location Time Int. 

4 Oct. 1965 0900 U T 2-6 0935 2 S21/W31 
19 Jan. 1966 0900 0-015 
24 Mar. 1966 0300 4 4 0225 3B N18/W37 
29 Apr. 1966 0900 0-055 

2 May. 1966 2100 0-15 0808 2N N16/E53 1216 1 -
25 Jun. 1966 1500 0-11 1523 IB S25/W09 1607 2 

4 Jul. 1966 2100 0-045 
7 Jul. 1966 0300 23-0 0022 2B N35 /W45 0053 3 

13 Jul. 1966 1500 0-12 1625 IN N22 /E90 
16 Jul. 1966 2100 0-21 
30 Jul. 1966 2100 0 0 2 8 2330 3 

28 Jul. 
28 Aug. 1966 1500 6-25 1522 3B N 2 3 / E 0 4 1547 2 + 
29 Aug . 1966 2100 4-2 2114 I N N07/W71 2032 2 + 

2 Sept. 1966 0900 > 38-O c 0541 2B N 2 2 / W 5 7 
14 Sept. 1966 0300 0-88 
20 Sept. 1966 1500 0-087 1738 2B N 0 3 / W 1 5 
26 Sept. 1966 0300 0-053 1312 1 -
27 Sept. 1966 1500 0-14 1313 2 

a Mean background level ~ 0 - 0 0 7 proton/sec cm 2 ster. 
b Count averaging time is 6 hours, hence time given represents period from 3 hours before to 3 hours 
after. 
c This event was so large that the detector and electronics saturated for ~ 3 6 hours. C E . Fichtel by 
private communication has indicated that emulsion measurements show a peak intensity of the order 
of 500 protons/sec c m 2 ster. 
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