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REPORT ON OSO-7 DATA ANALYSIS 

ABSTRACT 

This report reviews the progress on analysis of data 
from the University of New Hampshire (UNH) gamma ray 
experiment on 050-7 through 31 August 1974. A list 
of papers published and in progress is appended at the 
end of this report. Plans for continued analysis of 
the data are briefly described. 

Further detailed information on the data processfng 
may be found in "Documentation of the Data Analysis 
System for the Gamma Ray Monitor Aboard OSO-H," sub- 
mitted to the 050-7 project office. Details of scien- 
tific results may be found in the referenced and listed 
papers. 



REPORT O N  OSO-7 DATA ANALYSIS 

1 . 0  I n t r o d u c t i o n  

T h i s  r e p o r t  r e v i e w s  t h e  p r o g r e s s  o f  t h e  a n a l y s i s  o f  

t h e  d a t a  f r o m  t h e  U n i v e r s i t y  o f  N e w  H a m p s h i r e  (UNH) 

gamma r a y  e x p e r i m e n t  o n  t h e  OS077 s a t e l l i t e  t h r o u g h  

A u g u s t  3 1 ,  1 9 7 4 .  T h e  i n s t r u m e n t  o p e r a t e d  c o n t i n u o u s l y  

f o r  m o r e  t h a n  1 8  h o u r s  p e r  d a y  o v e r  a  16-month p e r i o d  

u n t i l  a  power  s u p p l y  f a i l u r e  o c c u r r e d  on December  2 5 ,  

1 9 7 2 .  D a t a  a c c u m u l a t e d  o v e r  t h i s  t i m e  p e r i o d  i n c l u d e s  

5 0 %  r e a l  t i m e  d a y - t o - d a y  o b s e r v a t i o n s  o f  t h e  Sun a n d  

a t  l e a s t  two c o m p l e t e  s c a n s  o f  a l l  p o i n t s  o n  t h e  

c e l e s t i a l  s p h e r e .  Any p o i n t  o n  t h e  c e l e s t i a l  s p h e r e  

w i t h i n  5 3 0 "  o f  t h e  e c l i p t i c  h a s  b e e n  o b s e r v e d  f o r  

a t  l e a s t  l o 5  t o  l o 6  s e c o n d s .  F u r t h e r m o r e ,  b e c a u s e  

o f  t h e  d e t e c t o r ' s  l a r g e  a c c e p t a n c e  a n g l e  ( 7 0 °  FWHM) 

a n d  o u r  p o l i c y  o f  p l a c i n g  t h e  d e t e c t o r  i n  an a l t e r -  

n a t e  q u a d r a n t  v i e w i n g  mode f o r  two o r b i t s  e a c h  d a y ,  

a p p r o x i m a t e l y  8 0 %  of  t h e  c e l e s t i a l  s p h e r e  was  o b s e r v e d  

f o r  % 3  x l o 3  s e c o n d s  e v e r y  d a y .  

T h e  d a t a  h a s  b e e n  a p p l i e d  t o  a  s e a r c h  f o r  b o t h  v i s u a l l y  

o b s e r v e d  a n d  u n o b s e r v e d  t r a n s i e n t  phenomena f r o m  t h e  

S u n ,  f r o m  s u p e r n o v a e ,  a n d  f r o m  o t h e r  s o u r c e s .  The  

d a t a  a n a l y s i s  e f f o r t  c a n  b e  d i v i d e d  b r o a d l y  i n t o  two  

c a t e g o r i e s :  

The  s e a r c h  f o r  s o l a r .  gamma r a y s  d u r i n g  

b o t h  a c t i v e  p e r i o d s  a n d  q u i e t  t i m e s  a n d  

The  s e a r c h  f o r  gamma r a y s  f r o m  c o s m i c  

s o u r c e s  b o t h  t r a n s i e n t  ( f o r  e x a m p l e ,  

V e l a - t y p e  b u r s t s )  a n d  s t a t i o n a r y  ( f o r  

e x a m p l e ,  t h e  G a l a c t i c  C e n t e r ) .  



The study of a constant, isotropic phenomenon, such 

as the cosmic gamma ray flux (Metzger et al., 1964; 

Trombka et al., 1972), demands an understanding of 

the local production background. This is, therefore 

a part of the overall effort. The local background in 

itself is of secondary interest as is the gamma ray 

flux from the Earth's atmosphere. 

This report presents a summary of the data processing 

and analysis programs and the results of the search 

for both solar and cosmic gamma rays. A brief descrip- 

tion of the instrument is also presented. 



2.0 The Gamma Ray Detector and the X-Ray Detector 

The UNH gamma ray monitor consisted of a 7.6 cm x 7.6 cm 

NaI scintillator-photomultiplier central detector covering 

an energy region from about 300 keV to 10 MeV. This 

detector was surrounded on all sides, except for a for- 

ward aperture by a 4 cm thick CsI scintillator shield. 

This shield acted as a collimator for gamma rays and 

also rejected direct charged particle counts. The instru- 

ment was on the wheel section of 0 5 0 - 7 ,  which spun with 

a 2-second period in a plane that always included the Sun. 

Data was accumulated separately during two 0.5 second 

intervals when the detector was'lookind' at the Sun and 

when it was looking directly away from it. These two in- 

tervals were called the "solar" and "background" quadrants 

The gamma ray monitor.was supported by an auxiliary X-ray 

detector in order to monitor solar activity. It consisted 

of an uncollimated NaI crystal, 3.2 cm x 0.6 cm diameter, 

with a 10 mil Be window. Data was accumulated in the same 

quadrants as for the main instrument. The detector covered 

the range 7.5-120 keV in four energy channels. The counting 

rate in each bin was sampled for about 0.5 seconds and 

a complete spectrum was accumulated every 31 seconds. 



3.0 Description of Data ~nalysis 

The most important information from the monitor consisted 

of two 370-channel pulse height spectra. Data in these 

spectra were accumulated over a 180 second real-time 

interval when the detector was pointing in the solar quad- 

rant and the background quadrant. Analysis of this,data 

required that the channel numbers in the pulse height 

spectra be calibrated with incident gamma rays of known 

energy. This calibration was accomplished twice per orbit 

when a radioactive source (RS CAL) was electronically 

gated into the pulse height analyzer instead of the nor- 

mal spectrum. 

Data was transmitted to UNR in the form of experimenter 

tapes consisting of semiprocessed and cleaned up ,data con- 

taining all of the information received from the experiment. 

This included the sets of pulse height spectra, the RS 

calibration spectra, counting rates from the various 

shield elements and X-ray detector, and housekeeping 

measurements. The experimenter tapes were the prime 

data source for all scientific analysis. 

Two pieces of hardware were used to process this data: 

a Varian 62011 mini-computer and the University's . 
IBM-360-H50 computer. The latter was used to process 

the experimenter tapes into a format which could be more 

closely analyzed and manipulated on the Varian. 

3.1 Treatment of Data 

3.1.1 Gain Correction 

In order to combine and compare gamma ray spectra accumu- 

lated at different times, it was necessary to correct for 



changes in detector gain. The gain variations were due 

both to the natural aging of the detector and to adjust- 

ments of the amplifier electronics. Gain correction was 

accomplished by processing the RS calibration spectra, 

from which a continuous gain calibration function versus 

time was obtained. This function was then used to normalize 

each gamma ray spectrum to the quadratic relationship 

where n is a fictitious channel number, c is a constant equal to 

5 x 10-4 MeV (channel)-2, and E is the energy of the channel 

in MeV. The gain corrected spectra were placed on mag- 

netic tape, called "Pass-111" data because of its place 

in the data processing chain. Associated with each spectrum 

on the tape was a group of relevant housekeeping measurements, 

and geophysical and spacecraft parameters. The magnetic tape 

output of Pass-I11 constitutes the prime data bank that 

was used in most of the scientific analysis efforts with 

the data from the gamma ray monitor. 

3.1.2 Parametrization 

Included with'each gamma ray spectrum in Pass-I11 is a 

list of parameters which were known or suspected to be 

important in characterizing the spectrum. The parameters 
. . 

included the following: 

Begin and end times for the scan in which the 

spectrum was accumulated. 

Spacecraft status, which shows whether a spectrum 

was accumulated during solar or background 

quadrant, spacecraft day or night, normal or 

alternate quadrant, and calibration or normal 

time . 



V e r t i c a l  c u t o f f  r i g i d i t y  a t  t i m e  o f  m i d p o i n t  

o f  s c a n .  

B a n d  L  c o o r d i n a t e .  

L a t i t u d e ,  l o n g i t u d e  a n d  a l t i t u d e .  

. R i g h t  a s c e n s i o n  a n d d e c l i n a t i o n  o f  s a t e l l i t e ,  
S u n ,  l o o k  d i r e c t i o n ,  a n d  t h e  s p i n  a x i s  o f  t h e  

s a t e l l i t e .  

E a r t h  b a s e d  c o o r d i n a t e s  o f  t h e  l o o k  d i r e c t i o n  

and  s a t e l l i t e  s p i n  a x i s .  

T h e  t i m e  a n d  p r o t o n  f l u x  o f  t h e  p r e v i o u s  f o u r t e e n  

p a s s a g e s  t h r o u g h  t h e  South A t l a n t i c  a n o m a l y  r e g i o n  

o f  t h e  Van A l l e n  B e l t s .  

X-ray  c o u n t i n g  r a t e  b e t w e e n  7 . 5  a n d  1 5  keV. 

L i v e  t i m e  a n d  d e a d  t i m e .  

I n d i c a t o r s  f o r  b i t  e r r o r s ,  f l a g g e d  w o r d s ,  

q u a l i t y  o f  d a t a ,  b o o k k e e p i n g  e t c .  

T h e s e  p a r a m e t e r s  c a n  b e  u s e d  i n  s u b s e q u e n t  a n a l y s i s  p r o g r a m s  

f o r  s e l e c t i v e  i n v e s t i g a t i o n ,  summing a n d  o t h e r  p r o c e s s i n g .  

3 . 1 . 3  Gamma Ray D a t a  A n a l y s i s  

I n  g e n e r a 1 , t h e  s c i e n t i f i c  a n a l y s i s  c o n s i s t s  o f  s e l e c t i v e l y  

summing t o g e t h e r  n u m e r o u s  s p e c t r a  i n  s e a r c h  o f  gamma r a y  

s o u r c e s  a n d  e v e n t s .  T h e  s e l e c t i o n  p r o c e s s  c o n s i s t s  o f  



using only data in the proper time interval and with the 

proper geophysical and spacecraft parameters. The objective 

of the selection process is to maximize the gamma ray sig- 

nal while minimizing the gamma ray background. 

Scans can be checked in a preliminary way by printing 

out scan parameters for the desired times. Programs also 

exist which dump out the spectra in raw form, together 

with auxiliary measurements and housekeeping data. One 

of the most useful programs is the parameter selection 

routine, which pulls out scans associated with preselected 

parameters and stores them on a new magnetic tape. This 

program also lists the value of each parameter for each 

spectrum. This tape is then used with a spectrum summing 

program which adds the spectra channel-by-channel, prints 

the sum spectrum, and deposits it on magnetic tape. This 

tape can then be used to get a computer-controlled plot 

of the sum spectrum. It is possible to sum spectra with 

different parameter values obtained over the same time 

period in separate buffers. This makes it possible to 

directly compare, for example, spectra accumulated in 

the solar and antisolar directions over the same time 

span. A program has also been written which plots in- 

dividual scans. 

3.1.4 Subsidiary earmaa Ray Programs 

The programs which handle the calibration data are an . 
essential part of the gain correction process. The program 

Cal 1 processes the RS calibration spectra for visual in- 

spection and for use in another program, Cal 2. Cal 1 

calculates the parameters in the energy-channel relation- 

ship: 



f o r  t h e  c a l i b r a t i o n  s p e c t r a .  By d i s p l a y i n g  t h e  v a l u e  of  

c  i n  t h e  a b o v e  c a l c u l a t i o n ,  v a r i a t i o n s  i n  t h e  g a i n  o f  

t h e  d e t e c t o r  c a n  b e  m o n i t o r e d .  The p r o g r a m  C a l  2 p r o v i d e s  

a  c o n t i n u o u s  g a i n  c a l i b r a t i o n  f u n c t i o n  v e r s u s  t i m e  f r o m  

C a l  1 a n d  a m a n u a l  i n p u t .  T h i s  o u t p u t  a l l o w s  t h e  c a l i b -  

, r a t i o n  o f  a l l  t h e  gamma r a y  s p e c t r a  t h a t  were t a k e n  

b e t w e e n  t h e  RS c a l i b r a t i o n s .  We c a n ,  t h e r e f o r e ,  g a i n  

c o r r e c t  a s  much o f  t h e  g a i n  v a r i a b l e  r e a l  p u l s e  h e i g h t  

s p e c t r a  a s  p o s s i b l e  i n t o  t h e  g a i n  c o r r e c t e d ,  known a n d  

n o n v a r i a b l e  p u l s e  h e i g h t  s p e c t r a  o u t p u t  f r o m  P a s s - 1 1 1 .  

T h e s e  g a i n  c o r r e c t e d  s p e c t r a  c a n  t h e n  b e  d i r e c t l y  compared  

o r  combined  o v e r  a n y  t i m e  p e r i o d  i n  a  s e a r c h  f o r  gamma r a y  

s o u r c e s .  

A n o t h e r  u s e f u l  s u b s i d i a r y  p r o g r a m  i s  t h e  Van A l l e n  B e l t  

P r e d i c t  P r o g r a m ,  w h i c h  c a l c u l a t e s  t h e  times a n d  m a g n i t u d e s  

o f  s a t e l l i t e  e x p o s u r e s  t o  t r a p p e d  p r o t o n s  . B r i e f l y ,  t h e  

VABELT p r o g r a m  i n t e r p o l a t e s  v a l u e s  f r o m  a  15 '  i n t e r v a l  

g r i d  map o f  p r o t o n  f l u x e s  o f  e n e r g y  E > 15 MeV shown i n  

"World Maps o f  C o n s t a r i t  B ,  L ,  a n d  F l u x  C o n t o u r s , "  

( S t a s s i n o p o l o u s ,  1 9 6 7 ) .  An E p h e m e r i s  d a t a  t a p e  s u p p l i e d  

by NASA was  u s e d  t o  d e t e r m i n e  s a t e l l i t e  p o s i t i o n  v e r s u s  

t i m e .  The  p r e d i c t  p r o g r a m  c o m p u t e s ,  f o r  a  g i v e n  p e r i o d  

of t i m e ,  t h e  p e a k  f l u x  e n c o u n t e r e d ,  t h e  t i m e  o f  t h e  p e a k  

f l u x ,  t h e  i n t e g r a l  f l u x  d u r i n g  t h e  o r b i t ,  a n d  t h e  t i m e s  

when t h e  s a t e l l i t e  e n c o u n t e r e d  a n d  l e f t  r e g i o n s  w i t h  

f l u x e s  > l o 3  p r o t o n s  cmW2 s e c - I  w i t h  t h e  c o r r e s p o n d i n g  

p o s i t i o n a l  i n f o r m a t i o n .  

A t  t h , e  30 c o n f i d e n c e  l e v e l ,  t h e  VA d a t a  i s  e s t i m a t e d  t o  

b e  i n c o r r e c t  b y  a  f a c t o r  o f  2 a t  w o r s t .  

I n  o r d e r  t o  p e r f o r m  d e t a i l e d  a n a l y s i s  o f  gamma r a y  s o u r c e s  

h a v i n g  a  c o m p l i c a t e d  a n g u l a r  d i s t r i b u t i o n ,  s u c h  a s  m i g h t  



b e  e x p e c t e d  f r o m  t h e  E a r t h  o r  s u p e r n o v a  r e m n a n t s ,  t h e  

a n g u l a r  r e s p o n s e  o f  t h e  gamma r a y  m o n i t o r  was  c a r e f u l l y  

m e a s u r e d  b e f o r e  f l i g h t ,  u s i n g  s e v e r a l  r a d i o a c t i v e  s o u r c e s .  

T h i s  c a l i b r a t i o n  was d o n e  w i t h  t h e  d e t e c t o r  l o c a t e d  i n  

t h e  s p a c e c r a f t  i n  i t s  f i n a l  c o n f i g u r a t i o n  w i t h  room 

s c a t t e r i n g  e f f e c t s  s u b t r a c t e d  f r o m  t h e  c a l i b r a t i o n  s p e c t r a .  

S p e c t r a  f o r  a  m a t r i x  of  s o u r c e  p o s i t i o n s  h a v e  b e e n  s t o r e d  

on t a p e .  D e t a i l s  o f  t h e  c a l i b r a t i o n  m e t h o d  h a v e  b e e n  pub-  

l i s h e d  b y  H i g b i e  e t  a l .  ( 1 9 7 3 ) .  

3 . 1 . 5  X-Ray P r i n t o u t  P r o g r a m s  

S i n c e  h a r d  X-ray e m i s s i o n  i s  a n  i m p o r t a n t  i n d i c a t o r  o f  

s o l a r  a c t i v i t y ,  t h e  c o u n t i n g  r a t e  o f  t h e  f i r s t  X-ray 

c h a n n e l  ( 7 . 5 - 1 5  keV) i s  a s s o c i a t e d  w i t h  t h e  c o r r e s p o n d i n g  

gamma r a y  s p e c t r u m .  T h i s  r a t e  i s  t h e r e f o r e  p r i n t e d  o u t  

a s  a  s p e c t r u m  p a r a m e t e r  i n  s e v e r a l  o f  t h e  gamma r a y  a n a l y s i s  

p r o g r a m s .  A r u n n i n g  l i s t  o f  X-ray r a t e s  f o r  a l l  c h a n n e l s  

c a n  a l s o  b e  p r i n t e d  o u t  a l o n g  w i t h  a  s c h e m a t i c  d i s p l a y  

o f  t h e  r a t e s .  A p r o g r a m  a l s o  e x i s t s  w h i c h  a v e r a g e s  c y c l e s  o f  

1 0  X-ray s c a n s  a n d  p r i n t s  t h e  a v e r a g e .  I n  o r d e r  t o  s e a r c h  

f o r  t r a n s i e n t  e v e n t s  ( s o l a r  f l a r e s ,  t r a p p e d  p a r t i c l e  en -  

c o u n t e r s ,  e t c . ) ,  a  p r o g r a m  h a s  b e e n  w r i t t e n  w h i c h  c o m p a r e s  

t h e  X-ray r a t e  w i t h  a  r u n n i n g  a v e r a g e  o f  p r e v i o u s  s c a n s .  I f  

t h e  c u r r e n t  r a t e  e x c e e d s  t h e  a v e r a g e  b y  a p r e s e l e c t e d  

a m o u n t ,  t h e  d a t a  i s  m a r k e d  f o r  f u r t h e r  a n a l y s i s .  

3 . 1 . 6  X-Ray P l o t t i n g  P r o g r a m s  

A p r o g r a m  h a s  b e e n  w r i t t e n  w h i c h  d i s p l a y s ,  i n  g r a p h i c a l  

f o r m ,  a l l  t h e  X- ray  d a t a  t a k e n  i n  c h a n n e l s  1 a n d  3 (7 .5 -15  

a n d  30-60 keV) o v e r  o n e  s a t e l l i t e  o r b i t .  T h e  d a t a  i s  d i s -  

p l a y e d  o n  a  T e k t r o n i x  CRT t e r m i n a l .  The  p l o t s  c a n  b e  p r i n t e d  

u s i n g  a  H a r d  C o p i e r .  A n o t h e r  p r o g r a m  d i s p l a y s  o n l y  s o l a r  

d a t a  t a k e n  i n  c h a n n e l s  1 a n d  2 .  



3.2 Shield and Gamma Ray Integral Rates 

3.2.1 Rate Meters 

The charged particle shield consisted of a large CsI cup 

section, which partially surrounds the central detector, and 

a thin CsI slab, which covers the forward aperture. The 

rate of interactions of energy 100 keV and greater in 

the detector shield and slab were monitored using logarithmic 

rate meters. These meters had a logarithmic response 

function and were calibrated before launch. The meters 

were sampled every 15 seconds. This rate is especially 

useful in monitoring passes in the vicinity of the South 

Atlantic anomaly. A similar meter was used to monitor 

the integral gamma ray rate between 0.3 and 9 MeV. The 

events counted here are the same that enter the gamma ray 

spectrum but with a time resolution of 15 seconds instead 

of 180 second; however, spectral information is not obtained. 

3.2.2 Rate Meter Printout Programs 

The program ASCPRT prints coded numbers corresponding to 

the slab, cup and integral gamma ray rates. Other analog 

housekeeping data is printed out by this program. 

3.2.3 Rate Meter Plotting Programs 

A program similar to the X-ray plotting program is used to 

display integral gamma ray and slab counts on a Tektronix 

terminal. Hard copies can be made. 



4.0 Solar Analysis 

4.1 Analysis of the 4 August a n d 7  August Xvents 

The primary goal of the UNH gamma ray monitor was the 

measurementd gamma ray lines and continua which would 

presumably be emitted from solar flares. This goal 

was realized during the solar activity during 2-11 August 

1972. Study of this flare data was begun immediately 

and has continued to the present time. The important 

observational results of this study are the following: 

Lines from positron annihilation (0.511 MeV) 

and deuterium formation (2.23 MeV) have been 

positively identified (Chupp et al., 1973a). 

Lines from nuclear excited states of 12c 

and 160 were seen at a 99% confidence level 

on August 4 (Chupp et al., 1973a). Predicted 

lines from excited states of 7 ~ i  and 7 ~ e  

(Kozlovsky and Ramaty, 1974) could not be 

resolved in the data. 

A gamma ray continuum was seen over the entire 

observable energy range (0.3-7 MeV). The 

continuum fit a smooth extrapolation from other 

observations at lower energies and could be 

characterized by a power law below about 1 MeV 

and an exponential above 1 MeV (Suri et al., 1974a). 

The measurements have lead to the following interpretive results: 

The observed lines agree qualitatively with previous 

theoretical predictions (Lingenfelter and Ramaty, 

1967; Cheng, 1972). To that extent they verify 

the current understanding of high energy solar 



flare mechanisms, 

Ratios of the gamma ray line intensities from 

4 August 1972 have been used to arrive at an 

important flare particle parameter; namely, the 

characteristic rigidity of the high energy 

protoas (Ramaty and Lingenfelter, 1973a). 

The intensity and time behavior of the deuterium 

formation line places restrictions on the densicy 

of the region in which the deuterium is formed 

(Reppin et al., 1973; Ramaty and Lingenfelter, 

1973b). 

The intensity of the 0.511 and 2 - 2 2  MeV lines 

require Q 3 x lo3' protons with E (>30 MeV) 
P 

(Chupp et al., 1973b). It should be noted that 

this number is model dependent. 

The width of the 0.511 MeV line places an upper 

limit of 7 x lo6 "K on the temperature of the 

region in which the positrons annihilate 

(Dunphy et al., 1973). The rise time of the 0.511 MeV 

line indicates a lower limit of 1012 electrons 

~ r n - ~  in the annihilation region (Chupp et al., 1974a). 

Analysis of the continuum emission on August 4, 

1972 indicates an emission measure (E.M. = Vn n )of 
P e 

1 x ~ m - ~ ,  where V is the emitting volume, 

n is the proton density, and n is the electron 
P e 
density ( >  100 keV). 

The line measurements, taken together with knowledge 

of the flare proton spectrum and isotopic composition 

as measured at 1 AU, place restrictions on the 

density of the flare region and on the fraction of 

Gnergy of the flare proton which goes into the 

gamma producing interactions. This is independent 

of the flare model which is used (Forrest et al., 1974). 



4.2 Emiss ion  from S m a l l  S o l a r  F l a r e s  

I n  view of t h e  p o s i t i v e  r e s u l t s  from t h e  August  1972 

f l a r e s ,  a  s e a r c h  i s  b e i n g  c a r r i e d  o u t  f o r  gamma e m i s s i o n  

from s m a l l e r  f l a r e s .  S p e c t r a  accumula ted  d u r i n g  t i m e s  o f  

s o l a r  a c t i v i t y  a s  d e t e r m i n e d  from f l a r e  c a t a l o g s  

w i l l  b e  summed and compared w i t h  a  back- 

ground sum spec t rum.  A p r e l i m i n a r y  i n v e s t i g a t i o n  h a s  

shown no s i g n i f i c a n t  c o n t r i b u t i o n  from s m a l l  f l a r e s .  

I n  c o n n e c t i o n  w i t h  t h e  s e a r c h  f o r  gamma r a y s  f rom s m a l l  

f l a r e s ,  t h e  program which  s e a r c h e s  t h e  X-ray d a t a  f o r  

n o n s t a t i s t i c a l  i n c r e a s e s  i n  t h e  c o u n t i n g  r a t e  can b e  used  

t o  f i n d  t i m e s  d u r i n g  which  h a r d  r a d i a t i o n  is  e m i t t e d  by 

t h e  Sun. From t h i s  a  c a t a l o g  of  s o l a r - a c t i v e  t i m e s  w i l l  

b e  made. T h i s  can  b e  u s e d  i n  c o n j u n c t i o n  w i t h  t h e  X-ray 

r a t e  p a r a m e t g r  i n  t h e  gamma spec t rum d a t a  t o  g i v e  an a l -  

t e r n a t e  method f o r  summing s m a l l  f l a r e  d a t a .  

4 .3  S e a r c h  f o r  P r e f l a r e  and P o s t f l a r e  E v e n t s  

The Pass-111 computer  p rograms have  been  used  t o  more c a r e -  

f u l l y  a n a l y z e  t h e  f l a r e s  of  4  and 7  Augus t .  It ap- 

p e a r s  t h a t  e m i s s i o n  of  t h e  2.22 MeV d e u t e r i u m  l i n e  r e m a i n s  

a b o u t  30 m i n u t e s  a f t e r  f l a r e  maximum, on August  4 ,  1972 a l t h o u g h  

a t  only a  borderline s t a t i s t i ca l  signfficance (%3u) .  O t h e r w i s e ,  no 

e v i d e n c e  h a s  been  found  f o r  a  s i g n i f i c a n t  f l u x  from t h e  f l a r e  

r e g i o n s  f o r  t i m e s  b e f o r e  o r  l o n g  a f t e r  t h e  i m p u l s i v e  p h a s e  

of t h e  f l a r e s  i n  q u e s t i o n  (Chupp e t  a l . ,  1 9 7 3 ~ ) .  T h i s  i s  

s i g n i f i c a n t  w i t h  r e s p e c t  t o  t h e  e v a l u a t i o n  of  f l a r e  models  

which  p r e d i c t  s u c h  f l u x e s  ( F o r r e s t  e t  a l . ,  1 9 7 4 ) .  



4 . 4  Solar-Geophysical Events ( 4  August 1972) 

About 8 hours after the 4  August solar flare, a large 

(a factor of % 10) enhancement was seen by the UNH monitor. 

Lines at the energies 1.6, 2.3, and 4.5 MeV wHich lie near 

excited state energies of nitrogen and oxygen also 

appeared at this time. A smaller enhancement in the con- 

tinuum was also seen. These effects were seen at low 

L values ( s  2) but at times when the cutoff rigidity at the 

satellite was low ( <  8 GV). The evidence indicates that 

these gamma rays were produced locally in the Earth's atmos- 

phere and perhaps also in the spacecraft by protons of 

energy > 10 MeV. As yet a mechanism to explain the precipi- 

tation of high energy protons in regions of low L values 

and the production of the observed spectrum has not been 

formulated. A geophysical gamma ray event was also seen on 

August 7, 1972, starting at % 1600 UT. 

4 . 5  Collaboration with CINOF and AFCRL 

A study of solar bursts from McMath plage 11976 on 

31 July 1972 was carried out in collaboration with 

Air Force Cambridge Research Laboratories (AFCRL) 

(Castelli et al., 1974). This was the active region 

which produced the gamma rays of &_August 1972. A study of 

the spectral charactersitics of short centimeter radio bursts 

led to conclusions about properties of the burst region. 

X-ray data from OSO-7 supplied by UNH were used to characterize 

the relativistic electrons which evidently caused both the 

X-ray and radio emission. 

Because of funding limitations no steps have been taken 

to collaborate with the "Campaign for Integrated Observation 

of Solar Flares" (CINOF). 



4 . 6  C o n t i n u o u s  o r  Q u a s i - S t a t i o n a r y  S o l a r  E m i s s i o n s  

I n  an a t t e m p t  t o  o b s e r v e  gamma r a y s  from t h e  G a l a c t i c  C e n t e r ,  

which  i s  d e s c r i b e d  i n  t h e  s e c t i o n  on Cosmic A n a l y s i s ,  a sum 

s p e c t r u m  from t h e  s o l a r  q u a d r a n t  was compared w i t h  a  c o r r e s -  

ponding  s p e c t r u m  from t h e  background q u a d r a n t .  The o b s e r -  

v a t i o n a l  l i v e  t i m e  f o r  e a c h  s p e c t r u m  was % l o 4  s e c o n d s .  

No s i g n i f i c a n t  e x c e s s  i n  e i t h e r  d i r e c t i o n  was o b s e r v e d .  

T h i s  y i e l d s  l i m i t s  f o r  q u i e t - t i m e  s o l a r  l i n e  e m i s s i o n  

of  2 x  pho tons  cm-2sec-1 f o r  b o t h  t h e  0 . 5 1 1  and 2 . 2 2  MeV 

l i n e s  a t  t h e  2a l e v e l .  P r e v i o u s  e x p e r i m e n t s  h a v e  s e t  uppe r  

l i m i t s  o f  8 . 4  x 1 0 - ~ c m - ~ s e c - ~  pho tons / cmZ (Haymes e t  a l . ,  

1968)  and 5 x pho tons / cm2  s e c  (Womack and Overbeck ,  

1968)  f o r  t h e  a n n i h i l a t i o n  and d e u t e r i u m  l i n e s  r e s p e c t i v e l y .  

4 . 7  Gamma Rays f rom S o l a r  M Regions  

S i n c e  no p o s i t i v e  r e s u l t s  have  been  o b t a i n e d  from t h e  

summation o f  d a t a  from s m a l l  f l a r e s  o r  f rom l o n g  q u i e t -  

t i m e  p e r i o d s ,  t h e  a n a l y s i s  of e m i s s i o n s  f rom s o l a r  M r e g i o n s  

h a s  n o t  been  p u r s u e d .  



5.0  Cosmic A n a l y s i s  

5 . 1  Supernovae  and S u p e r n o v a e  Remnants 

T h e o r e t i c a l  p r e d i c t i o n s  of gamma r a y  l i n e  and cont inuum 

r a d i a t i o n  f rom s u p e r n o v a e  and  t h e i r  r emnan t s  have  been  

p u b l i s h e d  (Ramaty and B o l d t ,  1971 ;  C l a y t o n  e t  a l . ,  1969 ;  

Brown, 1 9 7 3 ) .  A s e a r c h  of t h e  d a t a  f rom t h e  UNH d e t e c t o r  

h a s ,  t h e r e f o r e ,  been  made f o r  two l i k e l y  c a n d i d a t e s :  

t h e  Gum Nebula ,  a  p o s s i b l e  s u p e r n o v a  remnant  a s s o c i a t e d  

w i t h  t h e  Ve la  p u l s a r  0833-45, and t h e  s u p e r n o v a  SN-1972-Kowal 

d i s c o v e r e d  on 1 3  May 1972.  An u p p e r  l i m i t  of  5  x 

pho tons  ~ m - ~ s e c - '  f o r  t h e  l i n e s  due t o  2 8 ~ i  ( 1 . 7 8  MeV), 

I 2 c  ( 4 . 4 3  MeV) and 1 6 0  ( 6 . 1 3  MeV) was o b t a i n e d  from t h e  Gum 

Nebula  (Chupp e t  a l . ,  1974b) .  The UNH d e t e c t o r  a l s o  gave  

uppe r  l i m i t s  f o r  SN-1972-Kowal of  4  x  10" e r g  secc- I  

(7 .5-  1 5  keV) f o r  t h e  p e r i o d  1 0  A p r i l  t o  23 May 1972 ,  

1 x  pho tons  ~ m - ~ s e c - l  f o r  t h e  l i n e s  0 .511 ,  2 .22 ,  and 

0.847 MeV ( 5 6 ~ o )  b e f o r e  and a f t e r  o p t i c a l  maximum, and 

3  x lo- '  pho tons  cm-2sec-10ver t h e  e n e r g y  r a n g e  350 keV t o  1 MeV on 

May 1, 3  and 23 (Chupp e t  a l . ,  1974b) .  Summing of a l l  d a t a  

a v a i l a b l e  c o u l d  r e d u c e  t h e  Gum Nebula  l i m i t s  by an o r d e r  

of magn i tude .  

5 .2  Gamma Ray B u r s t  E v e n t s  

E v i d e n c e  of t r a n s i e n t  gamma r a y  e v e n t s  of < 1 0 0  s e c  d u r a t i o n  

which a r e  of  cosmic  o r i g i n  h a s  been  d i s c o v e r e d  r e c e n t l y  

( K l e b e s a d e l  e t  a l . ,  1 9 7 3 ) .  A p r e l i m i n a r y  e x a m i n a t i o n  of  t h e  

OSO-7 d a t a  a t  t h e  b u r s t  t i m e s  r e p o r t e d  by K l e b e s a d e l  and 

coworkers  i n  1973  h a s  been c a r r i e d  o u t  f o r  t b e  six e v e n t s  w h i c h  

o c c u r r e d  d u r i n g  t h e  d e t e c t o r ' s  l i f e t i m e  ( F o r r e s t  e t  a l . ,  1 9 7 3 ) .  

No e v i d e n c e  of i n c r e a s e s  c o r r e l a t e d  w i t h  t h e  gamma b u r s t s  

h a s  b e e n  found  i n  any of  t h e  d e t e c t o r  c o u n t i n g  r a t e s .  T h i s  



n u l l  r e s u l t  i s  q u i t e  l i k e l y  d u e  t o  t h e  l o w  d u t y  c y c l e  

(% 1 5 %  o r  l e s s )  f o r  t h e  s a m p l i n g  t i m e  o f  t h e  d e t e c t o r .  I n  o r d e r  t o  

deternine i f  rate i n c r e a s e s c a n  be c o r r e l a t e d  w i t h  s i m i l a r  i n c r e a s e s  

i n  o t h e r  gamma r a y  d e t e c t o r s ,  t h e  s e a r c h  p r o g r a m s  d e s -  

c r i b e d  i n  S e c t i o n  11 c a n  b e  u s e d  t o  c o m p i l e  a  c a t a l o g  o f  

" g l i t c h "  t i m e s .  T h i s  c a t a l o g  c a n  t h e n  b e  u s e d  i n  con-  

j u n c t i o n  w i t h  t h e  " g l i t c h "  l i s t s  o f  o t h e r  e x p e r i m e n t e r s .  

5 . 3  Gamma Ray L i n e s  f r o m  t h e  G a l a c t i c  C e n t e r  

The  i n t e r e s t i n g  r e p o r t  b y  J o h s o n  e t  a l .  ( 1 9 7 2 )  o f  a  gamma 

r a y  l i n e  f e a t u r e  a t  4 7 3  keV f r o m  t h e  d i r e c t i o n  o f  t h e  

G a l a c t i c  C e n t e r  l e d  t o  c o n s i d e r a b l e  s p e c u l a t i o n  a s  t o  

t h e  m e c h a n i s m  w h i c h  p r o d u c e s  i t  ( L e v e n t h a l ,  1 9 7 3 ,  a n d  

Ramaty e t  a l . ,  1 9 7 3  among o t h e r s ) .  

I n  p a r t i c u l a r ,  Rygg a n d  F i s h m a n  ( 1 9 7 3 )  p r e d i c t  o t h e r  n u c l e a r  

l i n e s  i n  a s s o c i a t i o n  w i t h  t h e  4 7 3  keV f e a t u r e  w h i c h  i s  

h y p o t h e s i z e d  t o  b e  t h e  d e e x c i t a t i o n  l i n e  o f  7 ~ i .  We h a v e  

s e a r c h e d  t h e  050-7  d a t a  ( S u r i  e t  a 1 . , 1 9 7 4 b )  f o r  t h e  p r o -  

m i n e n t  d e e x c i t a t i o n  gamma r a y  l i n e s  w h i c h  t h e  a b o v e  hypo-  

t h e s i s  p r e d i c t s .  U p p e r  l i m i t s  a t  4 . 4 3  MeV ( 1 2 c * )  a n d  

1 . 6 3  MeV  O ON^*) o f  1 . 7  x p h o t o n s  ~ m - ~ s e c - l  a n d  

2 . 0  x p h o t o n s  ~ m - ~ s e c - l ,  r e s p e c t i v e l y ,  p u t  c o n s t r a i n t s  

on t h e  s p e c t r a l  i n d e x  o f  l o w  e n e r g y  c o s m i c  r a y s  i n  t h e  m o d e l .  

Our u p p e r  l i m f t  f l u x  f o r  a  l i n e  a t  4 7 3  keV f r o m  t h e  G a l a c t i c  

C e n t e r  i s  2  x p h o t o n s  ~ m - ~ s e c ' l ,  j u s t  a t  l e v e l  o f  t h e  p r e -  

d i c t e d  f l u x .  

5 . 4  I s o t r o p i c  Gamma Ray F l u x  

S i n c e  gamma r a y s  p r o d u c e d  l o c a l l y  i n  t h e  s p a c e c r a f t  a n d  

d e t e c t o r  c o n t r i b u t e  t h e  b u l k  o f  t h e  c o u n t i n g  r a t e  i n  

s a t e l l i t e  e x p e r i m e n t s  w i t h  t h e  OSO-7 o r b i t  p a r a m e t e r s ,  

( D y e r  a n d  M o r f i l l ,  1 9 7 1 ;  D y e r  e t  a l . ,  1 9 7 2 )  t h e  m e a s u r e -  



ment  o f  a n  i s o t r o p i c  gamma r a y  f l u x  ( M e t z g e r  e t  a l . ,  1 9 6 4 )  

becomes  a  p r o b l e m  o f  d e t e r m i n i n g  t h e  l o c a l  p r o d u c t i o n  

b a c k g r o u n d .  A t  t h e  p r e s e n t  t i m e  a  p r o g r a m  i s  underway  

t o  c o l l a b o r a t e  w i t h  s e v e r a l  e x p e r i m e n t e r s ,  u n d e r  t h e  

d i r e c t i o n  o f  J. Trombka a n d  C .  Dyer  o f  G S F C ,  t o  s y n t h e s i s z e  

a m o d e l  o f  gamma r a y  p r o d u c t i o n  i n  s a t e l l i t e  d e t e c t o r s .  

I t  i s  h o p e d  t h a t  t h i s  p r o g r a m  w i l l  l e a d  t o  a  q u a n t i t a t i v e  

e v a l u a t i o n  o f  t h e  l o c a l  p r o d u c t i o n  c o n t r i b u t i o n  t o  t h e  

OSO-7 d a t a ,  a n d  t h u s  t o  a  m e a s u r e m e n t  o f  t h e  c o n t r i b u t i o n  

f r o m  c o s m i c  gamma r a y s .  



6.0 Summary and C o n c l u s i o n s  

6 . 1  S o l a r  A n a l y s i s  

The f o r e g o i n g  d i s c u s s i o n  of r e s u l t s  f rom t h e  O S O - 7  

d a t a  shows t h a t  t h e  s o l a r  f l a r e s  of August 1972 have 

been e x h a u s t i v e l y  a n a l y z e d .  T h i s  h a s  l e d  t o  more de- 

t a i l e d  t h e o r e t i c a l  c a l c u l a t i o n s  of gamma r a y  e m i s s i o n  

from f l a r e s  (Ramaty and L i n g e n f e l t e r ,  1973a ;  Ramaty and 

L i n g e n f e l t e r ,  1973b;  Wang and Ramaty,  1 9 7 4 ) .  The p r e -  

and p o s t f l a r e  l i m i t s  a r e  a l s o  v a l u a b l e  i n  e v a l u a t i n g  f l a r e  

models ( F o r r e s t  e t  a l . ,  1 9 7 4 ) .  Thus one of  t h e  main g o a l s  

o f  t h e  p r e s e n t  e x p e r i m e n t  h a s  been  a c c o m p l i s h e d .  C l e a r l y ,  

f u r t h e r  advances  a l o n g  t h i s  l i n e  w i l l  r e q u i r e  f u t u r e  ex- 

p e r i m e n t s  of  e q u a l  o r  g r e a t e r  s o p h i s t i c a t i o n .  We h a v e  y e t  

t o  comple t e  t h e  s e a r c h  f o r  gamma r a y s  i n  s m a l l  e v e n t s  o r  

under  u n u s u a l  c o n d i t i o n s .  

6 .2  -. Cosmic A A.n-a_lyais 

I n  t h e  s e a r c h  f o r  cosmic  s o u r c e s  f u r t h e r  work r e m a i n s  t o  

be done.  The o b s e r v a t i o n  o f  t h e  G a l a c t i c  C e n t e r  h a s  p u t  

c o n s t r a i n t s  on t h e  model o f  Rygg and Fishman (1973)  which 

a t t e m p t s  t o  e x p l a i n  t h e  l i n e  f e a t u r e  o b s e r v e d  by Johson  e t  a l .  

( 1 9 7 2 ) .  The s t u d y  o f  s u p e r n o v a e  and t h e i r  r emnan t s  have  

l e d  t o  l i m i t s  on n u c l e a r  l i n e  e m i s s i o n  f rom r a d i o a c t i v e  

i s o t o p e s  which a r e  e x p e c t e d  t o  be p roduced .  With a d d i t i o n a l  

a n a l y s i s  t b e s e ' l i m i t s  c o u l d  b e  r e d u c e d  by  a b o u t  an o r d e r  of 

magn i tude ,  which would p u t  more s t r i n g e n t  r e s t r i c t i o n s  on 

s u p e r n o v a  models .  

The b u r s t  s e a r c h  programs d e s c r i b e d  above can b e  used  t o  

compi l e  e v e n t  l i s t s  i n  t h e  hope of  i d e n t i f y i n g  p r e v i o u s l y  

u n r e p o r t e d  gamma r a y  b u r s t s .  F i n a l l y ,  t h e  s t u d y  of t h e  

l o c a l  p r o d u c t i o n  background  i n  c o o p e r a t i o n  w i t h  o t h e r  

e x p e r i m e n t e r s  w i l l  y i e l d  a  b e t t e r  u n d e r s t a n d i n g  o f  t h i s  

problem and p o s s i b l y  a  more a c c u r a t e  measurement  of t h e  

d i f f u s e  cosmic gamma r a y  f l u x .  



We have requested addittonal funds from the Solar 

Physics Office, NASA Headquarters to complete work 

on the solar aspects of the 050-7 data discussed in this report. 

Additional support will be required to continue work on 

cosmic gamma ray emissions. 
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