


, 

COMPOSITION OF THE 2nd SEPTEMBER 1966 SOLAR PARTICLE EVENT 

N. Durgaprasad*, C. E. Fichtel, D. E. Guss and D. V. Reames 

NASAIGoddard Space Flight Center, Greenbelt, Maryland 

§A poatdoctoral resident research associate, on leave from Tata 
Institute o f  Fundamental Research, Bombay, India. 



ABSTRACT 

Three Nike-Apache sounding rockets w e r e  launched from Fort Churchill,  

Manitoba, Canada t o  study the composition and the charac te r i s t ics  of the 

September 2 ,  1966 so lar  f l a r e  event. These launches occurred approximately 

nine,  s ixteen,  and th i r ty-s ix  hours following the event. Nuclear emulsions 

were used t o  study a l l  the components, namely, the singly,  doubly and 

multiply charged nuclei  emitted i n  the so la r  event and propagated within 

the so la r  system. The helium nuclei  were separated from protons by using 

grain density and range measurements and from multiply charged nuclei  by 

6-ray density and range measurements, 

charge ident i f ied  from 6-ray density and range measurements. 

of these nuclei  were mainly determined from t h e i r  res idual  range i n  the 

emulsion. The energy spectra measured i n  the event are much steeper than 

those reported for events i n  which the composition studies were made pre- 

viously. 

energies above 12.7 MeV/nucleon i n  the f i r s t  f l i g h t  i s  54 28. This value 

is  i n  agreement with the previous measurements and t h i s  strongly supports 

the ideas held tha t  the acceleration mechanism does not appreciably a l t e r  

the spectroscopically observed abundance of the  solar  photosphere. 

The multiply charged nuclei  w e r e  

The energies 

The measured r a t i o  of helium t o  medium (C, N ,  0 ,  F) nuclei for 

INTRODUCTION 

Detailed observations on the charge composition of the so la r  par t ic les  

e m i t t e d  i n  so la r  f l a r e s  were made during the years 1960 and 1961, a period 

close t o  the so la r  maximum with nuclear emulsion detectors flown n balloons 

and rockets (see B i s w a s  and Fichtel ,  1965 for a summary of experimental 

i n f ~ r m ~ t i o n ) *  

be present i n  every so la r  pa r t i c l e  event, but in most events there  were j u s t  

These s tudies  have indicated tha t  (1) the heavy nuclei  may 
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a few t o  be detected,  (2) the r e l a t ive  abundances of the heavy nuclei  

(Z 2 3) of t he  same charge t o  mass r a t i o  (Z/A - 0 . 5 )  are  independent of 

the event, whereas the  r a t i o  of protons 

appreciably i n  the same energy in t e rva l  from event t o  event and with 

energy i n  an event, and (3) the abundances of multiply charged nuclei  

thus deduced are  s imilar  t o  tha t  of t he  sun's photosphere. This l a s t  

feature  i s  c lear ly  su f f i c i en t ly  in te res t ing ,  both i n  terms of so la r  compo- 

s i t i o n  and p a r t i c l e  acceleration i n  astrophysical s i tua t ions  tha t  it i s  

w e l l  worth determining whether the r e su l t s  suggested i n  these ear ly  experi- 

ments based on a few events w i l l  be consistent with measurements made i n  

other so la r  events near so la r  minimum and i n  the next so la r  cycle. 

it w i l l  be useful  t o  make detai led measurements on the charge composition, 

whenever possible.  

was begun at  Fort Churchill,  Canada i n  1966. 

the r e s u l t s  obtained during September 1966 from the so la r - f la re  emitted 

pa r t i c l e s  recorded i n  the nuclear emulsion detectors.  

to helium nuclei  varied 

Further, 

With t h i s  i n  mind, a standby sounding rocket program 

The present paper describes 

EXPERIMENTAL DETAILS 

Three packs of I l fo rd  65 emulsion detectors were used i n  each payload 

sect ion of the rocket (shown i n  f igure 1); two packs were mounted on s ides  

and are  herein referred t o  as ''side packs"; the th i rd  pack was mounted 

a t  the bottom and i s  referred t o  as the "bottom pack". 

packs consisted of one 20% and twenty 60% thick emulsions of s i z e  

14.5 cm x 12.5 cm. 

Each of the s ide  

The 20% th ick  emulsion was actuated i n t o  posi t ion a t  

the time of the exposures 

of  60% thick emulsiona, of s i z e  27 e m  x 14 em. 

The bottom pack consisted of for ty  p e l l i c l e s  

A l l  the s ide  packs and 
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twenty of the for ty  emulsions i n  the bottom pack were normally developed; 

the remaining twenty emulsions were underdeveloped. 

Three such payloads were f i red  i n  three Nike-Apache sounding rockets 

a t  times 14:40 hrs.  U.T., 22t30 hrs.  U,T. on September 2,  1966 and a t  17:30 

hrs .  U.T. on September 3, 1966 approximately nine, seventeen and th i r ty - s ix  

hours following the c lass  3 f l a r e  observed a t  05:38 U.T. on September 2 ,  

1966. These three f l i g h t s  w i l l  be herein referred t o  as f i r s t ,  second, and 

th i rd  f l i g h t s  respectively. 

each of these f l i g h t s ,  t o  such an extent tha t  the emulsion detectors were 

exposed d i r ec t ly  t o  the incident par t ic les .  

range of 0e26 g/cm of emulsion could be thus recorded i n  the detectors;  

t h i s  corresponds t o  a minimum detectable energy of about 3 MeV for protons. 

The nose cone of the rocket was opened, i n  

Nuclei tha t  have an equivalent 

2 

Energetic protons, helium and heavy nuclei  were recorded i n  the s ide  

and bottom packs. 

components i n  the three f l i gh t s .  The general experimental procedures are  

somewhat s imilar  t o  those adopted by Biswas e t  a l e ,  1962, hence we w i l l  

describe them here only b r i e f ly  . 

The charge and energy spectra were obtained for  a l l  the 

1) Protons - The energy spectrum of protons was obtained i n  the energy 

10 MeV from the main scan of the s i d e  pack under 100 x 20  magni- 
; 

region 3 

f ica t ion ;  the protons could be visual ly  separated from the heavy nuclei. 

The energy of protons was obtained from a measurement of p a r t i c l e  range 

using the range-energy r e l a t ion  given by Barkas (1963). 

spectrum was extended t o  the higher energy of - 7 0  MeV by making the in tegra l  

counts of tracks on scans made a t  distances of 50@, l n r m ,  2 nrm, 5 mm and 2 

cmso away from the s i d e  edges of the  bottom stack. 

spectrum of protons i n  the energy region 3 - 70 MeV was then obtained by 

The proton energy 

The in tegra l  energy 

ining the d i f f e r e n t i a l  spectrum data d t h  these measurements. 
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2 )  Helium Nuclei: The energy spectrum of helium nuclei  was obtained 

i n  the region 7 - 50 MeV/nucleon from scans made under 53 x 20 magnifica- 

t i on  a t  a distance of 60% and 2 mm from the edge of the bottom stack. 

helium nuclei  were separated from protons by range VB. grain density 

measurements and t h e i r  energies were estimated from the i r  res idual  ranges. 

The 

3 )  Heavy Nuclei: The scan was made for  heavy nuclei  under 22x20 

magnification for tracks of length greater  than 22% and entering the stack 

from the upper hemisphere. 

they were brought t o  r e s t ,  

observed var ia t ion  of 6-ray density with range. 

obtained from well-identified stopping nuclei  recorded i n  stacks,  flown i n  

an Aerobee rocket, and having the same ionization charac te r i s t ics  as the 

present stack,, Due t o  the l imitat ion of the experimental technique and the 

very short  range of tracks involved, it i s  not possible t o  resolve the 

charges of the neighboring nuclei  unambiguously and we have used i n  our 

analysis only charge groups He, medium (C, N, 0,  F) and heavy (Z 2 10) 

nuclei. The r e su l t s  of the medium and helium nuclei  are  quoted here i n  

fur ther  analysis,  

measured charge and range of the nucleus. 

These were then followed through the s tack u n t i l  

The charge ident i f ica t ion  was made from the 

The ca l ibra t ion  curves were 

The energies of the medium nuclei  were obtained from the 

EXPERIMENTAL RESUUS 

a) Energy Spectrum: The dif .ferentia1 and in tegra l  energy spectra of 

protons have been measured i n  a l l  the three f l i g h t s  i n  the energy range 

3 70 MeV. Similar measurements were made for  helium nuclei  i n  the f i r s t  

f l i g h t  i n  the energy region 7 - 50 MeV/nucleon. 

of the nuclei  a re  shown i n  f ig .  2.  From these f igures ,  a general observa- 

t i on  can be made t h a t  the energy spectra become steeper with time, there 

being re la t ive ly  mora low energy pa r t i c l e s  compared t o  the higher energy 

The d i f f e ren t i a l  spectra 



5 

ones later i n  the event. 

as power laws i n  t o t a l  energy per nucleon or  i n  r ig id i ty  and i n  some 

events it was observed tha t  a simple representation l i ke  dJ/dR = e 

These energy spectra are normally represented 

2 / R  
(& 

(Freier and Webber,1963) would f i t  the experimental data well; where 

dJ/dR i s  the d i f f e ren t i a l  in tens i ty  of protons, R is the pa r t i c l e  r i g i d i t y  

and k and Ro are constants. 

P & H e  nuclei  and t h e i r  r i g id i ty  spectra are shown i n  Fig. 3. 

seen tha t  down t o  200 MV, the r ig id i ty  spectra are  similar. 

For the f i r s t  f l i g h t  the data a re  available for  

It can be 

The in tegra l  spectra of M-nuclei have been measured i n  a l l  three 

f l i gh t s .  

helium nuclei ,  where measurements are  available,  and f a l l  on the same 

curve when multiplied by a factor  of 60. 

which occur i n  detectable amounts have the same charge t o  mass r a t i o  as 

He4,  the r ig id i ty  spectra of these nuclear species are also the same i n  

shape, assuming, of course, then tha t  these nuclei  have been completely 

It was found tha t  these spectra are similar t o  tha t  of the 

Since a l l  of the medium nuclei 

str ipped of t he i r  electrons.  

b) Ratios: 1) Ratio of protons t o  helium nuclei. Of par t icular  i n t e re s t  

i n  the study of propagation character is t ics  i s  the r a t i o  of protons t o  

helium nuclei as a function of time i n  the event, for  these par t ic les  have 

the same energy for  d i f fe ren t  values of r ig id i ty .  

and helium nuclei  spectra  seem similar when expressed i n  r ig id i ty  (at  l eas t  

Although the proton 

up t o  about 200 MV), the proton 

in te rva l  vsrled from I, t o  50 i n  

in $m event (Freier and 

. I )  

.. 

r i a t i o n  is a t  

t o  helium nuclei  r a t i o  i n  the  same r ig id i ty  

d i f fe ren t  events and by as much as 5 l a t e  

1963 and B i s w a s  and Fichtel ,  1965), indi- 

l eas t  a propagation e f fec t ,  although large 
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variations within an event are probably not common. 

to helium nuclei ratios observed in these events is given in fig. 4, 

together with the value measured in the present experiment in the first 

flight. 

A summary of proton 

2)  Ratio of Helium Nuclei to Medium Nuclei: The ratio of helium to 

medium nuclei in the same energy per nucleon interval and hence in similar 

rigidity intervals were found to be constant in the events observed earlier 

and had a mean value of 60 27 in the interval of energies 42.5 - 95.0 
MeV/nucleon. 

this ratio for energies above 12.7 MeV/nucleon in the first flight is 

54 +8. 

and strongly supports the idea held that acceleration mechanism of solar 

cosmic rays does not appreciably alter the observed abundance of the 

solar photosphere, 

The measured value deduced in the present experiment for 

This value is thus in agreement with the previous measurements - 
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Figure Captions 

Figure 1: Description of the payload system of the Nike-Apache rocket. 

Three packs of nuclear emulsion detectors were used in this 

payload. 

Figure 2: Differential energy spectra of protons measured in three flights 

and of helium nuclei in the first flight. 

Figure 3: Differential rigidity spectra of protons measured in the three 

flights and of helium nuclei in the first flight. 

Figure 4 :  Ratio of protons to helium nuclei as a function of kinetic 

energy per nucleon at different times in several events, 

events in which. the measurements were made are: A and B - 
November 12, 1960 (Blswas e t  ale, 1962); 6, P & E - Novern- 
ber 15, 1960 (Biswaa et al, 1963); F - $ ~ ~ t ~ m ~ ~ r  3 ,  I960 

(Biswas and Fichtel, 1964) ; G - March 16, 1964 and F e ~ r ~ ~ r ~  5 ,  

1965 ~ ~ ~ ~ ~ ~ 1 d  et: a l e ,  2963); 

The 

I preaent work. 
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