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ABSTRACT 

The Crab Nebula was observed for 58 minutes in the 

0.06 to 12 MeV energy range in the first successful flight 

of Gammascope VI. A continuum of radiation in the 0.06 to 

0.60 MeV energy range was detected. Upper limits for the 

1 to 12 MeV energy range were established. 

The sensitivity of the detector was established for 

the range of 0.06 to 12 MeV by comparison with other exper¬ 

iments. The data for this energy range is more detailed 

than that of previous experiments covering portions of this 

energy range. 

The emission of the Earth's atmosphere in the 1-12 

MeV range combined with leakage of radiation in this range 

by the detector produced poor statistics in the 1 to 1-12 

MeV energy range. 

A possible spectral feature is noticed in the 100 keV 

energy range. This possible feature is a weak peak of no 

more than one standard deviation above a curve fit of the 

data but is consistent with the "bump" at that energy in 

the spectrum of Peterson et. al. (1968). 



The synchotron mechanism Is supported by the experi¬ 

ment's low energy data. 

A map of the source of background Is presented indi¬ 

cating that three minor sources of X-rays were 1n or near 

the field of view during background measurements. It is 

not thought that these faint sources caused significant 

contamination of the Crab data. 

The higher energy data could be accounted for by a 

source of MeV photons that could correspond to one of these 

three sources. Such a source is thought highly unlikely 

because it would imply that the source emitts predominantly 

from nuclear reactions and thus would be different from 

any previously known astrophysical objects. 

However, the most likely explanation of the poor sta¬ 

tistics in evidence in the 1-12 MeV energy range is seen 

to be leakage of the detector to such high energy photons 

combined with the dominance of the Earth's atmosphere as an 

emitter of 1-12 MeV energy photons over celestial sources. 

The 1-12 MeV data is better fit by an extrapolation 

of lower energy data rather than the decreased spectral 

index appropriate to Baker et. al. (1973). 

A power law of the form 

+4 3 -2 196+^*®^ 
FLUX = 9-7_I;7 E *‘,yb-0.054 

was found to best fit the data of this experiment. 
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Introduction 

In recent years high energy astrophysics has 

come into being and has developed into an important 

part of astronomy and physics. In 1962 Giacconi et. 

al. first reported the observation of extra-solar 

X-rays. Since that time the energy range spanned by 

astronomy has been extended from low energy X-rays to 

ultra-high energy gamma-rays of energies to and 

above 10 electron volts (eV) (See Helmken et. al. 

1973 and Albats et. al. 1972 for examples). Astro- 

physical events producing such high energy* electro¬ 

magnetic radiation are unequaled in laboratory 

physics and are hence of prime importance in under¬ 

standing such highly energetic events. 

The high X-ray and low gama-ray energies are par¬ 

ticularly interesting for the many known nuclear pro¬ 

cesses that have line emissions in these energies. The 
1 2 higher energy gama-ray emissions of near 10 eV are 

of more exotic events that are not firmly understood. 

The lower energy gamma-ray emissions from celes¬ 

tial objects are capable of confirming many of the 

theories of supernova and nucleosynthesis. 

The Crab Nebula has been a much studied phenomena 

since its observed supernova event in 1054 A.D. Since 

it is a known supernova remnant and has a known age 

since going supernova, it has been of great importance 
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1n testing and developing the theories regarding such 

phenomenally explosive events. For this and other 

reasons (to be developed shortly), the Crab Nebula 

was chosen as the subject of a gamma-ray observation 

in the 0.060 MeV to 12 MeV energy range, the methods 

and results of which will be presented in this thesis. 

In the following sections the Crab Nebula will 

be described in further detail. The observations to 

date and proposed mechanisms active in the system will 

be summarized. The mechanisms primarily attributed 

to the production of celestial gamma-rays will be 

presented along with a brief discussion of supernova 

events. A description of the instrument used in de¬ 

tection of gamma-rays from celestial sources will be 

given in section III. The methods employed and re¬ 

sults of the experiment will be presented in section 

IV followed by a discussion of the findings in 

section V. 
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II. The Crab Nebula 

A. HISTORY 

Nine hundred and nineteen years prior to the ob¬ 

servation reported herein, Chinese and Japanese as¬ 

tronomers (see Mayall 1962) recorded the brightening 

of a star in the constellation Taurus. Those ancient 

records report that the object achieved the remarkable 

brightness of Jupiter and was seen, like Venus, during 

the daylight for twenty-three days following its 

initial brightening. It was a bright object for a 

six-month period and was visible for a period of 

nearly two years. These recordings are some of the 

more important findings available in the study and 

understanding of explosive events in stars. 

In 1844 Lord Rosse presented a sketch of the re¬ 

sulting gas cloud or nebula and referred to it as 

being buglike and resembling a crab thus giving the 

nebula its popular name the Crab Nebula. These find¬ 

ings and a more detailed historical sketch of the 

nebula's observation are presented in Mayall (1962). 

Additionally, Mayall summarized radio measurements 

from the Crab Nebula including the observation of 

polarization of its radio emissions. This observa¬ 

tion confirmed the prediction of Shklovskii (1953) 

that continuous, strong, polarized radiation might 
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result from the acceleration of electrons in a 

magnetic field or synchrotron radiation. 

Baade (1956) noted the presence of ripples of 

light in the central region of the nebula. 

These and other striking observations showed 

that the Crab Nebula was indeed a remarkable object. 

From these observations alone it seems reasonable to 

project that at higher energies of observation even 

more of the remarkable nature of the nebula would be 

uncovered. 

The advent of X and gamma-ray astronomy in the 

early 1960's and its implications for verification of 

theories regarding supernova and nucleosynthesis 

pointed toward the Crab Nebula (as a known supernova 

remnant with a known age) as a test subject. Continu¬ 

ing with a summary of the Crab Nebula's pertinent 

characteristics the high energy findings from the 

object will now be presented in brief. 

B. PHYSICAL CHARACTERISTICS 

From Oda et. al. (1967) the position of the X-ray 

source in the Crab Nebula is right ascension 

RA(1950) = 5h31m30s and the declination is 

DEC(1950) = 21059.1' and the angular size is some 

60 by 110 seconds of arc in the 1-6 keV energy range. 

This position was further refined until the latest of 
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the UHURU X-ray catalogs (Giacconi et. al. 1974) 

gives a position of RA(1950) = 5h31m27s and 

DEC(1950) = 21°59'42", which in galactic coordinates 

is i * 184.54° and b = -5.79°. Of the 161 X-ray 

sources now referenced in the 3U catalog of celestial 

X-ray sources the Crab Nebula is designated by the 

pseudonym 3U0531 + 21 and is associated with sources 

or pseudonyms of Tau X-l , Crab, Tau 1, 2U0531 + 22, 

and the Crab Nebula Pulsar at RA(1950) = 5h31m31s and 

DEC = 21°58'55". The distance to the nebula has been 

estimated as being from 1.5 to 2.2 kpc but the most 

recent and most well founded estimates are from 1.7 

to 1.8 kpc (Cowsik et. al. 1969). 

The physical characteristics of the nebula are 
-4 that a magnetic field of approximately 5 x 10 gauss 

is present throughout the nebula and effects the 

matter of the nebula which is estimated to have a 
_ 3 

density of some 10 grams per cubic centimeter. 

Burbidge and Hoyle (1969) have argued that there may 

be anomalies in the field around condensed objects 

they propose to be inside the nebula. These objects 
3 5 would have fields of 10 to 10 gauss in their en¬ 

velops. Weekes (1969) proposes that filaments in 
4 

the nebula have a density of Ne = 5 x 10 electrons 

per cubic centimeter and a temperature of greater 

than 4 >: 106 °K. 
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From recent supernova and supernova remnant 

theories, a strong case has been built that there is 

probably a central compact object representing the 

primary condensed remnant of the original star (see 

Minkowski 1956). Since Minkowski's work, the detec¬ 

tion of a regular pulsation of the radiation of the 

Crab Nebula with a period of approximately 33 milli¬ 

seconds has led to the conclusion that the period is 

related to the rotation of the remnant and to with¬ 

stand the tremendous outward forces exerted by such a 

rotation the highly dègenerate form of a neutron star 

is required. 

C. PULSATION 

Several authors have reported the observation of 

pulsations from the nebula in various energy ranges. 

Bradt et. al. (1969) observed both X-ray and optical 

pulsations and established the likeness of phase and 

pulse shape in the two energy ranges. X-ray pulsa¬ 

tions have been observed by a number of groups (Ducros 

et. al. (1970), Fritz et. al. (1971), and Floyd et. 

al. (1969)) and gamma-ray pulsations have been ob¬ 

served by Fishman et. al. (1969), Hillier et. al. 

(1970), J. D. Kurfess (1971) and Kinzer et. al'. 

(1973). Still higher energy pulsations have been 

observed by Albats et. al. (1972) in the 10-100 MeV 
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range’and by McBreen et. al. (1973) in the 100 MeV-1 

BeV range and finally Helmken et. al. (1973) have 

observed pulsations from the Crab Nebula in the 10^ 
12 to 10 eV energy range. All of these experiments 

have found a pulsation period of approximately 33 mil¬ 

liseconds with the pulsed component increasing from 

a few percent of the total at a few keV to nearly 

100% pulsed at energies greater than a few MeV. Ac¬ 

cording to Albats et. al. (1972), a spectral index of 

0.9 fits the pulsed component from about 1 keV to 

108 keV. 

The pulsar was observed during the observation of 

the nebula reported in this thesis, however, the 

thesis will confine itself to the analysis of the 

total spectral information recorded in the flight 

only. The pulsar analysis as well as a summary of 

the spectral findings of the flight are reported in 

Walraven et. al. (1975). 

D. SPECTRUM 

The spectrum of the nebula is one of the more 

well known of all astrophysical objects. It has 

been established from low energy radio energies to 

ultra-high gamma-ray energies. The radio observa¬ 

tions contain spectral features such as differing 

polarization directions throughout the nebula 
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(Mayall 1962) and differing intensities throughout 

the nebula (Matveyenko 1971). The optical, observa¬ 

tions reveal the buglike filamentory structure and 

vary for various wavelengths with a maximum intensity 

in the red or 6300 to 6750 angstrom wavelengths. 

Additionally, "wisps" have been observed to emanate 

from the central region outward. A presentation of 

the flux versus energy or spectral character of the 

nebula is presented, along with the current results, 

in figure 1. 

The spectra are best fit numerically by a function 

of the form 

I(v) = kv'a 

where I is the intensity of radiation from the Crab 

Nebula, K is a scale factor indicating, effectively, 

the magnitude of the intensity, and a is the spec¬ 

tral index which describes the shape of the intensity 

versus frequency or energy curve. In radio wave¬ 

lengths a spectral index of 0.25 to 0.28 (Weekes 

(1969) and Moroz (1964) respectively) defines the 

shape of the curve. A transition from radio to 

optical energies takes place at approximately 3 to 

5 microns or in the infrared region (Moroz 1964) 

whereupon the spectral index changes to a value of 

0.77 (Scargle 1969) for the optical energies. In 

the middle X-ray (2-20 keV) energy range a steepening 
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Figure 1. 

Electromagnetic Spectrum of the Crab Nebula 

(Based in part on figure 1 from Cowsik et. al. 1970) 

This figure represents the known spectrum of the total 

(pulsed plus steady) Crab Nebula spectrum. The range of the 

spectrum illustrates the fact that the spectrum of the 

nebula is one of the best known of all astrophysical objects 

Radio data is from Whitfield 1960, the infrared turn 

in the spectrum is from Moroz 1964, Optical data is from 

O'Dell 1962 and Scargle 1969 and has incorporated Inter¬ 

stellar absorption factors, the X-ray data is from Grader 

et. al. 1970, Boldt et. al. 1969, Glass 1969, Peterson et. 

al. 1966, Haymes et. al. 1968, Laroz, et. al. 1973, and the 

present experiment, the gamma-ray data is from Clark et. al. 

1968, Albats et. al. 1972, and the present experiment. 
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takes place and the spectral index increases from 

0.93 to 1.0 (Henry et. al. 1972; Boldt et, al. 1969; 

Peterson et. al. 1968, and Gorenstein et. al. 1970). 

These latter values are corrected for interstellar 

absorption which affects the passage of radiation 

particularly in these energies. Henry et. al. (1972) 

and Fritz et. al. (1971) estimate a density of 0.55 

hydrogen atoms per cubic centimeter in the inter¬ 

stellar medium between the Crab and the Earth from 

the attenuation of X-rays from the nebula. This is 

in disagreement with 21 centimeter hydrogen absorption 

based value of 0.26 hydrogen atoms per cubic 

centimeter. 

Laros et. al. (1973) report a change of spectral 

index from 1.0 to 1.29 in the range of energies 

from 25 to 150 keV. Haymes et. al. (1968) found a 

spectral index of 1.19 for energies from 35 keV to 

560 keV, or according to Johnson (1972), the high 

X-ray energy range (the cutoff for X-ray energies 

according to Johnson being at 511 keV or annihilation 

energy for astrophysical purposes). 

Beyond about 560 keV the spectral index begins to 

decrease. Albats et. al. (1972) state that the pulsed 

portion of the energy spectrum which dominates beyond 

a few MeV is well fit by a spectral index of 0.9 from 

1 keV to 100 MeV. This is supported by McBreen et. 

al. (1973) and the data from Helmken et. al. (1973). 
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This condensed presentation of data on the Crab 

Nebula leads into a discussion of the mechanisms pro¬ 

ducing such characteristics or analogously, descrip¬ 

tive models of the nebula. 

E. MODELS OF THE CRAB NEBULA 

1. Gamma-ray Production Mechanisms 

Several basic processes are predicted to be 

mainly responsible for the emission of gamma-rays 

from astrophysical objects. They are as follows: 

a. Black body or thermal radiation. This 

process is one by which energetic matter achieves 

equilibrium with its surroundings. It is not 

thought of as a major candidate for production of 

high energy photons in nebulas. Its intensity is 

related to photon energy and temperature by 

J -E /kT \-1 
I(Ey) a E3 \e Y -1 ) 

where E^ is = hv is the photon energy, v being1 

the photon frequency, and h is Plank's constant = 

6.626 x 10"34 joules/sec, k is Boltzmann's 

constant or 1.381 x 10”23 joules/°K and T is 

the gas temperature in degrees kelvin (°K). 

b. Bremsstrahlung radiation results from the 

scattering of charged particles (usually electrons 
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in astrophysical realms) by nuclei. The inten¬ 

sity of such radiation is a function of the gamma- 

ray energy and the temperature of the medium as 

follows: 

I(Ey) a e 
-Ey/kT 

where the parameters are as defined in black body 

radiation. This scattering from nuclei is di¬ 

rectly related to the temperature of the medium 

and thus is referred to as thermal bremsstrahlung 

radiation as opposed to magnetic bremsstrahlung 

or synchrotron radiation to be discussed shortly. 

c. Inverse Compton radiation is the result 

of the scattering of photons off of high energy 

particles (again usually electrons). The result 

for the case of Inverse Compton radiation is that 

the photon has its energy increased as a result 

of a decrease in the energy of the electron. 

(The inverse process, Compton scattering, depletes 

the energy of the photon and accelerates or in¬ 

creases the energy of the particle.) Inverse 

Compton's intensity is related to gamma-ray 

energy in two different manners depending on the 

energy of the electron. 

r+1 
for YB < 1000 I(E ) o E ” 2 •e Y Y 
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for ye > 1000 I(Ey) a Ey"r'1 

where y is the Lorentz factor related to the 
EA 

electrons energy by ye = and r is 
me 

a spectral index relating the properties of the 

medium to Compton emission. The Gaunt factor 

relating temperature and frequency effects is 

approximately one over the energy range examined 

d. Synchrotron or magnetic bremsstrahlung 

radiation results when electrons or charged par¬ 

ticles in general are accelerated in a magnetic 

field or in the interpretation of Magnetic 

Bremsstrahlung are scattered by a magnetic field 

Its intensity dependence is related by 

r-i 
I(Ey) « Ey~ 2 

A distinguishing characteristic of Synchrotron 

radiation is that, unlike thermal bremsstrahlung 

radiation, Synchrotron radiation is polarized. 

e. Nuclear gamma-rays arise from the decay 

of radioactive elements. These emissions are of 

discrete energies with energy depending upon the 

transition taking place and the radioactive ele¬ 

ment involved. The discreteness of emission in 

nuclear decay sets it apart from the continuous 

energy emission of the proceeding mechanisms. 
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f. Annihilation radiation results from the 

total conversion of a positron and an electron 

into energy. 

9* X-ray emissions from atomic transitions 

are similar to those emissions of nuclear transi¬ 

tions in their discreteness. They are however, 

atomic and not nuclear transitions and are there¬ 

fore characterized by lower energy emissions. 

h. The decay of tr° mesons following the pro¬ 

ductions of mesons in collisions between high 

energy particles and nuclei produces high energy 

gamma-rays. 

Of these mechanisms the dominant ones in 

astrophysical realms are thermal and magnetic 

(Synchrotron) bremsstrahlung and Inverse Compton 

radiation. 

2. Models 

In the Crab Nebula thermal bremsstrahlung 
O 

requires a temperature of some 10 °K to fit the 

observed spectrum. Such a high temperature re¬ 

quires a constant replenishing of thermal energy. 

Several mechanisms have been proposed as the 

source for the required heating. Radioactive 

decay is proposed by Morrison and Sartori (1965) 

and supported by the predictions of Clayton and 

Craddock (1965). Also proposed is the mechanism 

of shock heating of the ionized plasma surrounding 
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a neutron star (Heiles, 1964). In Clayton and 

Craddock (1965) the Californium Hypothesis pro¬ 

posed by Burbidge et. al. (1957) was applied to 

the Crab Nebula to obtain line energies and pre¬ 

dicted fluxes at the top of the earth's atmosphere. 

The Californium Hypothesis predicted that rapid 

addition of neutrons to heavy seed nuclei (the 

r-process) would become increasingly unstable 

with increased mass until it would terminate with 
254 Cf . Clayton and Craddock found that most of 

the lines of decay from the r-process were in the 

50-400 keV energy range. A result of this pre¬ 

diction was the search for such emission lines by 

Ellis (1967) wherein the continuum at those 

energies was found to be larger by an order of 

magnitude or more than the line fluxes predicted 

by Clayton and Craddock. Also no features such 

as line emissions were detected in that experiment, 

but the resolution and detector characteristics 

made detection of any but very broad lines improb¬ 

able. Consistent with these findings Arnett 

(1971) states that radioactivity cannot be ruled 

out based on current observations but it does 

not appear to be necessary to explain the 

observations. 

The most favored mechanism for production of 

nebular gamma-rays, however, is synchrotron 
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radiation as is to be predicted whenever electro¬ 

magnetic fields are high and energetic particles 

are present. The radio emission from the nebula 

being polarized further supports synchrotron radi¬ 

ation. Still further support is given to synchro¬ 

tron radiation as the dominant energy production 

mechanism by the fact that the spectrum of the 

nebula is most accurately fit by a power law, 

though Compton processes will also produce a 

power law spectrum. 

Melrose (1969) writes that the "wisps" of 

Baade in the central region contain sufficient 

power to maintain the synchotron spectrum. The 

"wisps" through compressional damping accelerate 

electrons to ultra-relativistic energies. Melrose 

further states that the acceleration mechanism 

tends to flatten an initial energy spectrum. 

Goldwire and Michel (1970) have analyzed the 

slow down rate of the Crab Nebula's pusation. 

The slow down leads to a steady-state situation 

that Pacini and Salvati (1973) state approximately 
38 equals the 10 ergs/sec required energy input 

from rotational energy losses. Pacini and Salvati 

further state that this finding, "leaves little 

doubt that the central rotating neutron star is 

the energy source for the Crab Nebula". They sub¬ 

stantiate their statement that the central object 
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is a neutron star by showing that the current 

upper limit of gamma-rays at > 2 x 10^ eV 

(Fazio et. al. 1972) implies a radius of some 

11.5 km which along with the regular pulsation 

dispells arguments for a black hole possibility. 

Correlated with the slow down rate is the 

phenomena of spin jumps which are short term alter¬ 

ations of the spin rate of the pulsar. According 

to Pines and Shaham (1972) these jumps may be due 

to a readjustment of the hard crust of the neutron 

star by a change in the star flattening when its 

rotation slows down. 

Thus, current theories predict that the slow¬ 

ing down of the rotating neutron star is the prin¬ 

cipal source of energy in the Crab Nebula and that 

this mechanism is probably linked to the accelera¬ 

tion of electrons to ultrarelativistic energies. 

Several authors (Cowsik et. al. 1970 and 

Grindlay and Hoffman 1971) go on to point out 

that a complimentary mechanism between the syn¬ 

chrotron produced photons and the ultrarelativistic 

electrons might be responsible for the ultra-high 

energy gamma-rays detected by Frye and Wang (1969), 

and recently Helmken et. al. (1973). This pro¬ 

cess would use the supply of high energy electrons 

and gamma-rays in the central region around the 

neutron star to support inverse-Compton 
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scattering of the synchrotron produced photons. 
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III. The Instrument and Techniques 

A. GAMMASCOPE VI 

The central apparatus of the experimental package 

is the array of Sodium Iodide with Thallium impurities 

Nal(Tl) scintillating crystals. Seen in figure 2 is 

a cross sectional view of the detector. The view 

shows the central Nal(Tl) crystal surrounded by 

(Nal(Tl) crystals in all directions excepting the 15° 

solid angle viewing opening. The central crystal has 
2 

a sensitive area of 180 cm and is 5 cm in thickness. 

The surrounding active collimation crystal array has 

an average thickness when viewed from the central 

crystal of 16 cm. This is equivalent to four mean 

free paths of annihilation (511 keV) radiation. 

Also seen in the diagram of the basic instrument 

is the 1/4 in. thick plastic scintillator which 

serves to intercept cosmic rays which otherwise would 

produce undesirable events. Also the central photo¬ 

multiplier tube is illustrated. The central crystal 

is viewed by the photomultiplier tube illustrated. 

Not shown are the photomultiplier tubes that view 

the guard crystals and the collimator crystals and 

the plastic scintillator. Sodium Iodide scintilla¬ 

tors interact with photons predominantly in one of 

the following three mechanisms. 
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Figure 2. 

SCHEMATIC OF THE BASIC GAMMASCOPE VI CONFIGURATION 

Shown is the basic configuration of the array of 

crystals designed to reject unwanted events, the plastic 

scintillator for rejection of particle induced events, and 

the geometrically defined 15 degree field of view. 
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B. PHOTON-CRYSTAL INTERACTION MECHANISMS 

1. The photoelectric effect in which the incident 

photon is completely absorbed by the atomic com¬ 

ponents of the Nal(Tl) crystal. Usually this 

process emits a K-shell electron and secondary 

K-X-rays. This is the process that gives the 

clearest information concerning the incident 

photon and is therefore the one we are predomin¬ 

ately concerned with. 

2. The Compton effect is a process in which the 

incident photon deposits a portion of its incident 

energy on a free electron. The fraction of the 

incident energy deposited is not directly given 

• by the process and thus gives an unwanted unknown. 

3. Pair Production is a process in which the in¬ 

cident photon is totally absorbed in the field of 

an atomic nucleus with the subsequent emission of 

an electron-positron pair. The electron-positron 

pair emission implies immediately that the inci¬ 

dent photon must have considerable energy (at 

least greater than 1 MeV). This further implies 

that the high energy flux of greater than one MeV 

as seen by the detector will be decreased by this 

mechanism while the lower energy flux be comtamin- 

ated by this process with the subsequent decay of 

the electron-positron pair into still more events. 
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C. ELECTRONICS 

Based upon these mechanisms the electronics of the 

detector was designed to reject any events that did 

not give accurate information about the incident 

photon. It should be noted that all Nal(Tl) crystals 

in the telescope react in a similar manner to an in¬ 

cident photon and that the geometry of the array of 

crystals and the electronic handling of the photon- 

crystal events defines the field of view, thus giving 

the detector its semblance to a telescope. 

The electronics of the detector in a simplified 

view is as follows. The central crystal is electron¬ 

ically linked to the guard and collimator crystals 

and the plastic scintillator through their respective 

photomultiplier tubes. This linkage is schematically 

illustrated in figure 3. The circuit logic is de¬ 

signed such that if an event producing an optical 

photon in the central crystal occurs simultaneously 

with an event in either the guard crystals or the 

plastic scintillator the events are "rejected" i.e. 

not counted as pertinent gamma-ray interceptions. 

This reject rate is recorded in the housekeeping data. 

In this manner the effect of the last two mechanisms 

for a photon to interact with the detector is reduced 

to only an occasional contaminating event. 

Several data values were telemetered from the 
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detector in flight to indicate the photo-electric 

activity in the detector. These values were the 

pulse-code-modulated PCM signal, the guard rate, 

the reject rate and the collimator rate. The 

primary signal is the PCM. The guard and collim¬ 

ator rates for the guard crystal and collimator 

crystal (immediately surrounding the central 

crystal and forming the viewing cylinder respec¬ 

tively), are the event rates for the respective 

crystals. Thus full knowledge of the photon flux 

over the 0.06 MeV to 12 MeV range may be obtained. 

1. The Pulse-Height Analyzers 

The range of photon energies of 60 keV to 

12 MeV is divided, in the case of Gammascope VI, 

into 512 channels by a system for pulse height 

analyzing the output of the central photomulti¬ 

plier tube (PMT). The energy of the incident 

gama-ray when absorbed in the photo-electric pro¬ 

cess is converted into a pulse of light by the 

Nal(Tl) crystal and is subsequently converted in¬ 

to electric current by the viewing PMT. This 

electrical pulse is analyzed by the circuitry in 

figure 3 in the following manner. 

a. If the pulse corresponds to an event of 

less than 1.06 MeV it is analyzed by the low 

energy analyzer which analyzes events from 60 keV 

to approximately 1 MeV. The event is placed 
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Figure 3. 

DETECTOR ELECTRONICS DIAGRAM 

Illustrated is the design of the basic electronics 

of Gammascope VI. Included is the circuitry designed to 

handle the main body of information collected by the detector. 

The logic involved in analyzing the event data is shown as 

well as the circuitry for the housekeeping data. 
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into one of 256 channels according to its deposited 

energy or the measured current resulting from the 

event. 

b. Pulses corresponding to events of greater 

than 1 MeV are routed to the high energy analyzer 

and are placed in one of 255 channels of the high 

energy analyzer (actually only 247 of the channels 

were used with channels 257 to 264 being noisy 

and not used in this flight). They are placed 

according to this energy again but are more 

coarsely sorted than events in the low energy 

analyzer due to the expanded energy range of the 

high energy analyzer (3.90 keV/channel for the low 

energy analyzer while 46.1 keV/channel in the high 

energy analyzer). 

c. Pulses of greater than 12 MeV correspond¬ 

ing energy are stored in channel 256 of the high 

energy analyzer (channel 512) as overflow counts. 

A calibration of the instrument with various 

gamma-ray sources of known energy emission deter¬ 

mines the energy range that a particular channel 

corresponds to. The graphs of calibration indi¬ 

cate a linear response to radiation in both ana¬ 

lyzers. This will be presented shortly. 

The gamma-ray data is telemetered at around 

5000 bits per second event by event and has a 

limiting "saturation" rate of 500 events per 
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second which is over an order of magnitude above 

normal event rates at balloon altitudes. 

2. Peripheral Mechanisms 

While the most important part of the experi¬ 

mental package is the detector itself, the opera¬ 

tion of the detector when at balloon altitudes 

and while viewing celestral objects is dependent 

on numerous peripheral mechanisms. A brief list 

of these mechanisms includes battery packs, heat¬ 

ing coils, servo-motors, potentiometers and volt¬ 

age regulators for numerous purposes, levels, 

magnetometers, temperature sensors, pressure ves¬ 

sels and quite a number of associated pieces of 

onboard equipment. The majority of these instru¬ 

ments are continually monitored during a flight 

through a "housekeeping" portion of telemetry. 

For brevity the recorded values telemetered 

during a flight are presented in table 1. 

Some of the more pertinent of these data 

values, indicating the level of performance of the 

detector during the Crab Nebula portion of the 

flight will be presented in a later section. The 

housekeeping data is telemetered constantly during 

a flight and is recorded on analog tape along with 

the PCM and time code generator which was set 

with WWV, a globally broadcast time code. Sixty- 

four channels each with ten bits are provided for 
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the housekeeping data. However, for flight 73-2 

only 36 of those available channels were necessary. 

The housekeeping data was telemetered at a rate 

of 20,000 bits per second and was monitored by a 

ground based TI mi ni-computer. 

In addition to the previously described mech¬ 

anisms a command reception and augmentation sys¬ 

tem allowed control of such essential items as 

pointing, threshold levels, voltages, azimuth 

control , etc. 

D. OBSERVATIONAL TECHNIQUE 

The balloon borne gamma-ray telescope system is an 

equitorially mounted telescope system which allows 

tracking of an object over a period of time by a con¬ 

stant sidereal rate rotation of the telescope in hour 

angle (HA). With the objects position being given by 

its right ascension (a) and its declination (6), track 

ing is achieved by locating the object in the center 

of the field of view through declination and hour angl 

changes (HA = ST - a where ST is the local sidereal 

time), and then rotating the telescope in hour angle 

at sidereal rate. While quoted .accuracy of our 

pointing system has been set at ±1°, in groundbased 

testing the system at Palestine, Texas, prior to 

launch, a point accuracy of ±1/4° over several hours 
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TABLE 1 

Housekeeping 
Word Number Description 

1 Tachometer Monitor 
2 Servo Mag #1 
3 ServM Mag #2 
4 +12 V Monitor-Electronics Box 
5 -6 V Monitor-Electronics Box 
6 A1timeter 
7 Slow Hour Angle Pot 
8 Fast Hour Angle Pot 
9 Slow Declination Pot 

10 Fast Declination Pot 
11 Ease-West Level 
12 North-South Level 
13 Torque Motor Current 
14 Detector Temperature 

15 Central High Voltage Temp. 
16 Detector Pressure Sw. 
17 Reject Rate * 256 
18 Collimator Ratemeter 

19 Guard Ratemeter 
20 RA Frequency 
21 Perpendicular Magnetometer 
22 28 Volt Regulator Monitor 
23 28 Volt Battery Pack Monitor 
24 5 Volt Regular Monitor 
25 5 Volt Unregulated 

26 Electronics Box Pressure Swit' 
and Temp 

27 Guard Rate/40960 
28 Collimator Rate/40960 
29 Collimator Threshold 
30 Guard Threshold 
31 Front Heater Monitor 

Mnemonic 

TACH 
MAGI 
MAG2 
12EB 
-6EB 
ALTI 

SLHA 

FSHA 
SLDC 
FSDC 
E-W 
N-S 
TORQ 
DETT 

+HV 
DPSW 
RE JC 
CORM 
GURM 
RAHZ 
PERP 

28RG 
28BA 
5REG 
5BAT 

EBXT 

GUAR 
COLR 

CTHR 
GTHR 

FRNT 
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Housekeeping 
Mord Number Description Mnemonic 

32 Rear Heater Monitor REAR 

33 -6 Volt Monitor - PHA -6 V 
34 +12 Volt Monitor - PHA +12V 
35 Electronics Box and R.A. 

Motor Heater Monitor EHET 
36 Ground GND 
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observation of a celestial object was found. For a 

detailed description of the pointing method see 

Johnson (1972). 

The low signal to noise ratio associated with 

gamma-ray observations near the earth requires that a 

comparison between background and source signals be 

made for significant results. This was accomplished 

by periodically rotating the detector 180° in azimuth. 

This allows the background measurement to be taken 

from a direction equal in atmospheric depth to the 

direction in which the source was viewed thus produc¬ 

ing a comparable background measurement, but also dic¬ 

tates the source of background measurements. The time 

spent viewing background as opposed to viewing the 

source is determined by minimizing the standard 

deviation of the measurement given by 

os = VT/ts + B/tB 

where T is the count rate while viewing the source, 

tg is the time spent viewing the source, B is the 

background count rate and tg is the time spent 

viewing background. 

The minimization gives that equal observation 

times should be spent on the background and on the 

source when the signal to noise (source to back¬ 

ground) ratio is low. This is accomplished 
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during normal operation of the telescope by an 

automatic system which alternately points the tele¬ 

scope in azimuth north and south. This is done auto¬ 

matically every 15 minutes but can be accomplished 

through commands given from the ground station. 

With the detector described and the operations 

for taking data outlined, the data and discussion of 

the flight 73-2 as well as some background information 

will now be presented. 
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IV. Flight 73-2 

A. FLIGHT DESCRIPTION AND HISTORY 

Prior to the 73-2 flight of Gammascope VI (Nation¬ 

al Center for Atmospheric Research (NCAR) flight 

752-P) two flights had been undertaken with Gamma- 

scope VI. The first was an ill-fated launch on 

Nov. 5, 1972 (ironically the author's birthday). In 

this mission a high voltage power supply onboard went 

bad as the payload was. reaching float altitude. That 

mission was terminated by a seemingly good landing 

that resulted in a fire which consumed all flammable 

materials on board. A parachute disconnect mechanism 

had failed to detach the parachute. Approximately 

three months of restorative work restored the detector 

to its original condition. 

The second launch was some ten days prior to the 

73-2 launch and ended abruptly when the twenty-one 

million cubic foot balloon burst at approximately 

67,000 feet or roughly half of float altitude. We 

were fortunate for a near perfect recovery of the 

payload under adverse conditions (the balloon failed 

to disengage and returned with the gondola tangled 

in the rigging but not effecting the action of the 

parachute which performed admirably). 

Extensive testing showed that the results of the 

calibrations and testing for the 73-1 flight were 
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still valid for flight 73-2. This phase of investi¬ 

gation cann',1 be overemphasized. It is only after 

lengthy calibrations of all detectors, servo¬ 

mechanisms, vaccuum testing, temperature testing and 

numerous other system checkouts, that the data re¬ 

trieved from the flight of such an instrument may be 

understood and analyzed clearly. 

The flight 73-2 itself was begun at 07:21 CDT on 

15 May 1973. At approximately 10:00 a float altitude 
2 

of approximately 127,000 feet or 4 gm/cm residual 

atmosphere was reached. The craft drifted south 

toward Houston at a slow rate for some hours and pro¬ 

ceeded parallel to the Texas coastline some hundred 

miles inland for the majority of the rest of its 

thirteen hours at float altitude. The flight was ter¬ 

minated at around 23:30 on 15 May 1973 and the payload 

was recovered the next morning in excellent condition 

some 35 miles East-Southeast of San Antonio, Texas. 

During the course of the flight the exploding 

galaxy NGC 1275 was viewed as the initial source of 

radiation (to be reported by David G. Walraven) and 

midway through the flight the Crab Nebula was viewed 

for approximately one hour of observing time. The 

Crab Nebula and associated background observations 

occured between 13:42 and 16:26 CDT. The remainder 

of the ilight due to command reception problems was 

spent viewing background radiation. 
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The Crab Nebula portion of the observation was 

also affected by the above mentioned command problems. 

The azimuth control, both automatic and manual, was 

hindered by what was afterward determined to be a com¬ 

bination of a faulty command receiver (furnished by 

NCAR) and an intersection of an antenna with support 

wiring. The command reception problem resulted in 

having to send a single signal or command a number of 

times before instigation of the desired action on 

board the payload (as determined from housekeeping 

information) was achieved. This situation eventually 

deteriorated to the point that commands were seldom 

received by the craft and finally led to the termina¬ 

tion of the flight. However, it should be noted that 

the system was sufficiently automated so that the oper 

ation of the pointing system and the function of the 

detector was unaffected. Thus, while the prescribed 

timetable for observation of source and background 

was not adhered to, the approximate equality of time 

spent viewing source and background was preserved. 

In reference to this minor problem table 2 indi¬ 

cates the times spent viewing the background and the 

source. 

B. CALIBRATION 

A number of systems were calibrated prior to launch 
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those most pertinent to the operation of the detector 

will be presented here. 

TABLE 2. 

Source Time On Time Off Interval (min) 

CRAB 13:42 13:59 17 

BKG 14:00 14:12 12 

CRAB 14:13 14:25 12 

BKG 14:26 14:35 9 

CRAB 15:14 15:37 23 

BKG 15:38 15:48 10 

CRAB 15:55 15:58 3 

BKG 16:09 16:12 3 

CRAB 16:22 16:25 3 

Intervals of Observation of the Crab Nebula (Crab), 
and Background (BKG). Times are in CDT on 15 May 1973. The 
times are for viewing centered on either Background or the 
Crab Nebula as defined by the azimuth being pointed either 
directly south or north. 

Figure 4 shows the most critical calibration; that 

being the check for linearity of response of the de¬ 

tector to radiation of various energies. From a thor¬ 

ough analysis of the data received during the flight 

and a post flight calibration of the linearity of the 

detector, both performed by the Rice University Gamma- 

Ray Astronomy Group (RUGRAG) (see the thesis of David 

Walraven) the linearity shown in figure 4 was shown to 

remain linear but to have shifted as shown in the dia¬ 

gram. Such shifts are referred to as gain changes and 

have been noticed by two other groups while doing simi¬ 

lar experimentation (Kurfess, 1971; Hillier et. al. 1970). 

The new slope for the energy versus channel number 
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Figure 4. 

LINEARITY CHECK FOR GAMMASCOPE VI 

Shown is the check for linearity of response of 

Gammascope VI to radiation of various energies. The three 

curves illustrated are for the original (pre-flight) line¬ 

arity of the detector, the revised linearity of the detector 

based on in flight data and post flight calibration, and 

the linearity of the high energy analyzer. 
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plot was determined from known atm>spheric peaks as 

well as from post flight groundbased calibrations. 

The gain change was effective before and during the 

portion of the flight in which the Crab Nebula was 

viewed and has been used in the data analysis. The 

ground based checks for linearity are done using a 

number of sources of known emission energy are shown 

in table 3. 

Shown in figure 5 is a plot of a test of the re¬ 

sponse of Gammascope VI to gamma-rays of greater that 

1 MeV of energy or events that fall into the high 

energy analyzer. The spectra shown is a result of an 

overnight exposure of the working detector to neutron 

activated gamma-ray sources. The neutron source used 

was Plutonium 241 and those materials activated were 

Hydrogen, Nickel, Iron, and Titanium. The spectra 

shown is intended to illustrate the capabilities of 

the detector at such high energies and was not used 

for pre-flight calibration. 

Figure 6 indicates the axis of the detector as a 

function of angular displacement of a low energy source 

from the geometrical axis of the detector. This shows 

that, to 1/2°, the axis of the detector (that axis 

used for pointing purposes) lies along the gamma-ray 

axis. This shows the field of view to be approximately 

12° full width half maximum (FWHM) which is slightly 

less than the 15° quoted for the detector in a previous 
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TABLE 3RADIATION SOURCES USED IN CALIBRATION 

Low Energy Analyzer 

Isotope Predominant Peak Channel Number 

Energy (keV) Prior to During FI 

Am241 60 7 1 

Ba133 80 12 5 

Cd109 88 14 7 

o
 

o
 cn

 
"

v
j 

122 23 16 

Ba133 359 83 77 

Sn113 393 90 85 

Na22 511 120 116 

Cs>37 662 157 154 

Mn154 835 200 200 

High Energy Analyzer 

Isotope Predominant Peak Channel Number 

Energy (keV) 

Ra226 1120 1 

K40 1450 14 

Ra226 1760 17 

H(neutron 2230 30 
capture) 

C13 4450 73 

Ni 6880 122 

Fe 7620 136 

Ni 8800 160 
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Figure 5. 

High Energy Analyzer Test Calibration 

Spectra taken over a weekend prior to the flight 
using a Plutonium source to activate hydrogen, carbon, 
nickel, and titanium to produce the observed counts. 

Channel 
Number Energy (MeV) Source 

14.7 1.45 k40 

30.0 2.23 H 

38.1 2.63 V 
57.0 3.59 

73.7 4.43 C 

84.5 4.49 

122.0 6.88 Ni 
136,5 7.62 Fe 
160.0 8.80 Ni 

iron, 
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Figure 5. 
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Figure 6. 

HORIZONTAL AXIS OF GAMMASCOPE VI 

The determination of the horizontal gamma-ray axis 

of Gammascope VI relative to the geometric axis of the 

detector is shown in the figure. The term Glenns is used 

to describe the count rate in this and other figures in 

this thesis. It should be noted that the term is used as 

counts per 5 minutes for Gammascope VI and not the previous 

detectors for which it was originally devised. 
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section. The discrepancy is due to the energy of the 

source used (Barium) for determination of the field 

of view, the higher the energy the larger the field 

of view due to the reduction of the effectiveness of 

the active collimator. The 15° field of view is de¬ 

fined solely by the geometry of the system. 

In addition to the above mentioned spatial resolu¬ 

tion of the detector, a primary characteristic of the 

detector is its energy resolution or its ability to 

show a source of monoenergetic photons as such. To 

determine such a characteristic the sources mentioned 

previously in calibration were used. Using those 

previously calculated energy versus channel number 

curves and the sources mentioned to produce peaks of 

counts the full width at half maximum was found for 

each source and the resolution at that energy calcu¬ 

lated by converting the FWHM number of channels into 

the resulting energy span. The resulting energy 

span is divided by the known peak energy of the source 

giving the resolution. A plot of percent resolution 

versus energy is given in figure 7. 

Pertinent values of in-flight housekeeping are 

shown in figure 8. These values were compared to pre¬ 

flight determined optimum values and all were found 

to be in an acceptable range during the Crab Nebula 

portion of the flight. 
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Figure 7. 

PERCENT RESOLUTION vs ENERGY 

The percent resolution defined by FWHM/energy of the 

line, where FWHM is the full width in energy of the test 

line at half of its maximum intensity, is shown in this 

figure. The jump at the high energy analyzer is due to 

the change in the energy spanned by a single channel. 
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Figure 8. 

SELECTED HOUSEKEEPING VALUES 

The values of altitude, 28V regulated power supply, 

collimator threshold, and guard threshold are shown versus 

time for the Crab Nebula portion of flight 73-2. 
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TIME (CDT) 

Figure 8. 
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V. Results and Summary 

A. UNREFINED DATA 

Figure 9 gives conclusive proof of the operation 

of the detector. The ascent of the detector at approx¬ 

imately 1000 ft/min average ascent rate takes the de¬ 

tector through several distinct regions of radiation. 

At ground level radiation from the constituents of 

the earth's crust enhances the radiation received in 

the detector this is indicated by the slight drop 

in count rate immediately after launch. The subsequent 

rise in radiation is the well known approach of the 

"Pfotzer Maximum" in which bombardment of the atmosphere 

by cosmic, X, and gamma rays causes an enhancement 

of the radiation levels. The rather large displace¬ 

ment to the right of the initial peak was due to a 

command transmitted from the ground control center 

varying the guard threshold thus lowering the energy 

necessary to activate the crystal and thus increasing 

the count rate. 

These data are entirely consistent with known 

characteristics of atmospheric radiation. 

Though command reception problems were experienced 

throughout the flight, no major difficulties arose 

as a result of those problems. The azimuth control, 

while slow to respond, was controllable and 
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approximately equal amounts of time were spent viewing 

the Crab Nebula and the background. The performance 

of the detector itself was uneffected by the command 

problems and the detector performed well throughout 

the mission. 

Figure 10 illustrates the variation of total count 

rate over all 512 channels as a function of time. 

The C over a segment indicates that the azimuth was 

directed north and the Crab Nebula was in the center 

of the field of view. . The segments headed I are 

intermediate segments in which the pointing of the 

telescope was between azimuth North and azimuth South 

or between the Crab and true background viewing seg¬ 

ments. The segments headed B are, of course, the 

azimuth South or background segments. 

Figure 10 further illustrates that the Crab Nebula 

was most definitely a strong source of radiation with 

the average count rate over all 512 channels being 

almost 1300 counts/five minutes (1300 Glenns) more 

for Crab viewing segments than for the associated 

background segments. Figure 11 shows, however, that 

this excess is confined to the lower energy channels 

predominantly. The count rates versus time for the 

various energy intervals (each interval representing 

approximately the energy resolution of the detector 

at that energy range) shows that the last clean cut 

dominance of the Crab count rate over the background 
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Figure 9. 

ASCENT COUNT RATES 

Shown is the variation of count rate versus altitude 

for flight 73-2. Several features are in evidence, those 

being the decrease in count rate immediately after launch 

due to the Earth's natural radiation, the maximum count 

rate at approximately 85,000 feet corresponding to the level 

at which gamma-rays from cosmic rays and gamma-ray inter¬ 

action with the Earth's atmosphere is at a maximum for the 

energy range of the experiment (0.06 to 12 MeV), and finally 

the evidence that a ground based command to alter the guard 

threshold of the detector is shown at 9:00. The gaps in 

the data presented are the result of tape changes. 
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Figure 10. 

TOTAL COUNTS FOR ALL 511 CHANNELS 

The total detector response to the Crab Nebula, 

background, and intermediate viewing segments is illus¬ 

trated in this figure. The dominance of the Nebula seg 

ments is clear. Due to a change in threshold at around 

13:30 and the atmospheric depth at that time, the first 

background and the first Crab segments were not used in 

the analysis. 
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Figure n. 

TOTAL COUNT RATES FOR THE TWO ANALYZERS 

Shown is the variation 1n time of the total count 

rates for the low energy analyzer above and the high energy 

analyzer below. Included are the error bars for the source 

and background segments. Evident is the clear dominance of 

the source segments over the intermediate and background 

segments in the low energy analyzer. Also evident is the 

variation of high energy count rate with time or atmospheric 

depth. 
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Fiyuro 11, 
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occurs at around channel interval 137-158 or at 

approximately 600 keV. Also illustrated are the 

error bars for the various time segments. 

The error bars indicate that, while in most cases 

the absolute count rate of the background time seg¬ 

ments is greater than that of the corresponding nebula 

time segment, the error bars make both count rates 

comparable in the high energy analyzer. 

Figure 12 further shows count rate versus time 

plots for selected energy ranges each of detector 

resolution energy span. 

An extremely crude estimate of the leakage of 

radiation through the guard crystal shows that at 

approximately 650 keV the leakage of radiation through 

the guard and collimator crystals begins to be com¬ 

parable with the flux seen from the 15° field of view 

if an omnidirectional flux is assumed. Thus only 

upper limits for high energy radiation may be found 

from this detector unless there is a very strong 

source of high energy gamma-rays in or near the field 

of view. Fazio et. al. (1972) state that the Crab 
11 12 Nebula is the brightest source of 10 to 10 eV 

photons yet observed. Yet the intensity of these 

photons is so low that, even in the high energy range 

covered in this experiment, only upper limits may be 

set on the flux from the nebula. 

An interesting point to note on these diagrams is 
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Figure 12. 

SELECTED CHANNEL SUMS VERSUS MISSION TIME 

Shown is the count rate variation of two low and two 

high energy analyzer channel sums of detector energy 

resolution energy width. 



1600 

1400 

1200 

700 

650 

600 

320 

280 

240 

200 

25 

15 

5 

-66- 

FESOLUTION SUMS VS. FLIGHT SEGMENTS 

CHANNELS 2 TO 16 (91 TO 118 KeV) 

CHANNELS 276 TO 281 C1568 TO 1798 KeV) 

C 

Cl c 
JL— 

B 

LT 
B fwr - 

in1 

CHANNELS 459 TO 468 (10000 TO 10411 KeV) 

I 

B 

JL, L 
00 50000 52000 154000 56000 58000. SEC 

\ 14:00 ?is : 00 16:00 CDT 

TIKE 

Figure 12. 



-67- 

the fact that at around 15:00 CDT or at HA equal 

approximately zero the atmospheric effect is at mini 

mum. Also obvious is the fact that the measurements 

taken at approximately 13:30 to 14:00 CDT or when the 

maximum amount of atmosphere was being viewed the 

count rates were considerably higher than other times, 

particularly in the high energy analyzer. This indi¬ 

cates that the upper atmosphere is a source of high 

energy photons dominating any other source viewed. 

This finding together with the statements on 

leakage in high energy domains is the most probable 

explanation of the poor statistics and differences 

between background and source spectrums at greater 

than 1 MeV energies. That is, leakage from the high 

energy source of the Earth's upper atmosphere through 

the guard crystal dominated measurements taken from 

either source or background in 1 to 12 meV energies. 

As mentioned above the first several measurements 

were taken pointing low in the atmosphere as a result 

they were altered by atmospheric emissions. For this 

reason those leading segments were not used in the 

current analysis leaving only the most noise free 

segments to produce the results analyzed herein. Also 

there is a possibility that the guard threshold was 

slightly altered during those leading segments. 

Figures 13 and 14 show the total count rates chan¬ 

nel by channel for what were determined to be the best 
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Figure 13. 

COUNT RATE vs ENERGY FOR THE MAIN NEBULA SEGMENT 

The variation of count rate over energy for the most 

significant and longest of the segments in which the Crab 

Nebula was viewed. The count rate is normalized but no 

subtraction of background is present in this plot. 
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Figure 14. 

COUNT RATE FOR A BACKGROUND SEGMENT 

The plot shown is a normalized plot of count rate for 

the background segment that most nearly corresponds to the 

nebula segment of figure 13. 
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or most reliable segments of the Crab viewing and 

background viewing respectively. These are for the 

low energy analyzer and will be followed by similar 

plots for the high energy analyzer for the same 

segments. 

Channel one of the low energy analyzer was deter¬ 

mined to be noisy prior to the flight and was not used 

in this analysis. However, this channel is included 

in the low energy analyzer plots for completeness in 

presenting a sample of the raw data in its unaltered 

form. Noticed are peaks around channel number 8 and 

around channel number 35 that are more pronounced in 

the Crab segment than in the background segment. 

These excesses do not appear when a residual is taken 

and instrumental and atmospheric correction factors 

are incorporated. 

As previously stated channels 257 to 264 were de¬ 

termined to be noisy prior to the flight. Again these 

were included in the plots for counts versus channel 

number for the high energy analyzer as shown in fig¬ 

ures 15 and 16. Notable on these plots is the near 

total absence of counts beyond channel 400. This was 

somewhat anticipated because of the anticipated low 

flux at the highest energies viewed by the detector. 

In order to get a higher count rate in those channels 

a much longer viewing time or a much larger detector 

would have been necessary due to the lack of flux 
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Figure 15. 

HIGH ENERGY COUNT RATE FOR A NEBULA SEGMENT 

The plot shown is of normalized count rate for the 

high energy analyzer and for the most significant Crab 

Nebula viewing segment. This is the high energy portion 

of that segment in which the low energy count rates are 

presented in figure 13. 
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Figure 16. 

BACKGROUND COUNT RATE FOR THE HIGH ENERGY ANALYZER 

Shown is the high energy plot corresponding to the 

low energy plot of figure 14. 
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at such energies. 

B. THE SOURCE OF BACKGROUND 

The source of background is of great importance 

in interpreting the data received from a flight of a 

gamma-ray detector. With 161 X-ray sources now known 

and a field of view of 15 degrees solid angle, the 

probability of the background viewing segment which 

varies in right ascension and declination over time 

not including one of those known sources is remote. 

This is specially so with the constraint that the 

background measurement, to be comparable with the 

source segment, must come from a direction approxi¬ 

mately equal in atmospheric depth to that viewed in 

the source segment. A map of the sky in galactic 

coordinates containing the known 161 X-ray sources with 

the source of background for the five background seg¬ 

ments superimposed is shown in figure 17. The center 

of the field of view is shown as the heavy dashed line 

and is surrounded by a field representing the FWHM 

field of view of the detector. This map shows that 

if the 15 degree field of view is fully considered 

that three X-ray sources were in or near the field of 

view of the detector during background measurements. 

The first source (number 1 on the map) is from the 3U 

catalog 3U1956 +65 and has a 3U intensity of counts 
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Figure 17. 

GALACTIC MAP OF THE SOURCE OF BACKGROUND 

Figure 17 is a map of the location in galactic coor¬ 

dinates of the location from which background measurements 

were taken. The heavy dashed line is the course that the 

center of the field of view of the detector traced during 

background segments. The segments are ordered by increasing 

longitude with the first segment starting at approximately 

92 degrees longitude and 15 degrees galactic latitude. The 

position of the three X-ray sources that were in or near 

the field of view are shown as 1,2,3. The position of the 

Crab Nebula on this map is also shown. The sources viewed 

are (from the UHURU catalog); 1.) 3U1956 +65, 2.) 3U2041 +75, 

3.) 3U2233 +59. 
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in the 2-6 keV range of 4.7 3U intensity units and is 

in the field of view during the first three background 

segments (the first of which was not used in the data 

analysis and the second two being described in table 

2 as the first two of the background segments). The 

second source in the background measurements is on 

the edge of the field of view during the second and 

third background segments of table 2 and is 3U2041 +75 

with an intensity of 3.4 UHURU units. The third 

source (3 of the background map) was 31)2233 + 59 and 

has an intensity of 4.7 UHURU units. 

While the presence of these X-ray sources de¬ 

serves some consideration as to how they altered the 

background measurements it should be noted that their 

intensities are 4.7 at the maximum as compared to the 

Crab Nebula which is a powerful X-ray source of 

947.21 UHURU intensity units. Also it should be noted 

that these are sources in the 2-6 keV energy range 

covered by the UHURU satellite and are not necessarily 

sources at the energies viewed in this experiment. 

Also, fortunately, the longest of the background 

segments (the fourth of the map in increasing longi¬ 

tudinal order and the third of table 2) was taken in 

the center of the vacant area and thus should be free 

of contamination from X-ray sources. This latter 

segment statistically dominates the background total. 
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C. DETERMIU/ TION OF FLUX 

To arrive at a flux at the top of the Earth's 

atmosphere from the Crab Nebula the following proced¬ 

ure was used. 

The normalized count rates for the segments of 

Crab viewing and background viewing were subtracted in 

the following manner 

Di = ci - <Bi-i + 

where D is the residual spectrum for the ith Crab 

viewing segment, C. is the normalized Crab spectrum 

for the ith segment and B._^ is the background 

normalized spectrum for the segment proceeding the 

ith Crab segment and B.. + i is that background spec¬ 

trum following the Crab segment. Using this average 

background to determine the residual count rate effec¬ 

tively reduces the effects of the atmospheric depth 

varying over time and thus over the segments of view¬ 

ing is considered. 

With the difference spectrum thus defined for one 

source segment, an atmospheric scale factor based on 

the amount of atmosphere between the craft and source 

and energy of emission was used. These factors were 

determined from G. W. Grodstein (1957). The resulting 

residuals were summed and normalized and thus produced 
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a more statistically reliable resulting spectrum for 

the nebula. Still further refinement is necessary to 
2 

produce the spectrum of photons/cm sec keV versus 

energy desired. Instrumental factors were based on 

the geometry of the system (180 cm viewing area, etc.) 

and corrections pertinent to N I(T1) detectors. These 
u 

later corrections were determined from Axel (1954) for 

K X-ray losses and from Miller, Reynolds and Snow 

(1957) on efficiencies and photofractions pertinent 

to N I(T1) detectors. 
a 

Rather than give the curves pertinent to the above 

analysis, two test spectra were imposed upon the de¬ 

tector model and a resulting corrected spectrum ob¬ 

tained. Shown in figure 18 is a plot of an artificial 

triangular spectrum based on = 520 - 1 where i 

ranged from 1 to 512. Also shown is the resulting 

spectrum when the above triangular spectrum is "cor¬ 

rected" by the instrumental correction factors. The 

discontinuity occured because of the major difference 

in the keV/channel factors for the two analyzers and 

the test spectrum's lack of compensation for such. 

Also tested but not shown was a power law curve of 
_ 2 

F = 10 E where E is energy. A curve fit of the 

original spectrum confirmed the validity of the curve 

fitting routine used when it reproduced the original 

values from 52 data points generated using that test 

curve. When the power law initial spectrum is refined 
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Figure 18. 

EFFECTS OF THE DETECTOR ON A TRIANGULAR SPECTRUM 

Figure 18 illustrates the overall effect that the 

correction factors used to model the detector have on a 

well defined spectrum. Shown above is the original trai- 

angular artificial spectrum. Below is the triangular spec¬ 

trum as altered by the correction factors incorporated into 

the detector. 
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Fio’ura 18. 
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by the correction factors the resulting curve is fit 

by using the same curve fitting technique. 

D. CORRECTED SPECTRUM OF THE CRAB NEBULA 

The resulting totaled and corrected spectrum from 

the Crab Nebula or the end product of this research 

is illustrated in figure 19. This spectrum has been 

further refined by summing the counts from channels 

in a resolution energy bandwidth. Forty-four such 

bandwidths were found to be pertinent for the energy 

range of the detector and the energy resolution char¬ 

acter of the detector. Additionally several different 

offsets in channel number were plotted to avoid the 

possibility of splitting a peak into two summed chan¬ 

nels. The plot shown in figure 19 accents the possi¬ 

ble peak at approximately 100 keV. The peak is a 

possible feature and not an established one because 

it appears only for the data of the offset shown and 

is less intense for other offsets. 

For those channel sums that total zero or less a 

-8 value of 10 was set as a lower limit for plotting. 

The error bars for those summed channels with negative 

or zero fluxes are shown as computed. These error 

bars are accurate indicators for the upper limit of 

the flux from the Crab Nebula even though the flux 

for some summed channels is negative. These error 
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Figure 19. 

FLUX FROM THE CRAB NEBULA FROM 0.06 TO 12 MeV 

Shown is a log-log plot of the flux from the Crab 

Nebula as determined from the current experiment. The value 

of the flux has been determined based on the detector model 

discussed earlier. The energy width of each point is equal 

to the detector resolution at that energy. 
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bars indicate the amount of dominance of the back¬ 

ground over the Crab flux and indicate that to the 

accuracy of the measurement the Crab Nebula's flux 

could range up to the highest flux indicated by the 

error bar. 

A fit of the data plotted has been done for a 

thermal bremsstrahlung as well as a power law curve 

and has shown that the power law fit has a lower chi 

square fit or is a more accurate match to the data. 

The best fit to the data is a power law fit of 

+4 3 -2 196+^*^® FLUX = 9.7_]’g E |yo-0.054 

giving a spectral index of 1.196 in the 0.06 to 

12.1 MeV energy range. 

All the plots of spectra including those of the 

original data were done computationally using Calcomp 

graphics packages at Rice University and at the 

Johnson Spacecraft Center. 

Finally figure 20 shows the data presented above 

as superimposed on data selected from other experi¬ 

ments.. Obvious is that there is excellent agreement 

over the energy range spanned in this experiment with 

the three other groups whose data spans parts of this 

band of energies (Peterson et. al. 1968, Haymes et. al. 

1968, and Baker et. al. 1973). 

The 1-12 MeV energy data shows that the data of 
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Figure 20. 

THE X- AND GAMMA-RAY SPECTRUM OF THE CRAB NEBULA 

Shown is the present experiment's data as of figure 19 

with the pertinent comparative data from selected other 

experiments in or near the energy range of the present 

experiment. 

The agreement in the low energy range of this experi¬ 

ment with those other experiments in that range is apparent. 

At 100 keV the displacement upward by around one standard 

deviation of the flux and the similar effect in the data of 

Peterson et. al. (1968) is noticed. 

In the high energy domain a large portion of the spec¬ 

trum is indicated as error bars for the current experiment. 

Thus, only upper limits are placed on the flux from the Crab 

at those energies. Noticed is that the data of Baker et. al. 

(1973) is at the top of the upper limits of this experiment. 
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Baker et. al. (1973) is at the upper limits of the 

data of the present experiment. Other higher energy 

experiments support an extrapolation of the X-ray and 

low gamma-ray energy curve fits whereas Baker et. al.'s 

data supports a decrease of the spectral index. The 

current experiment supports the extrapolation of the 

X-ray and low energy gamma-ray data but statistics in 

the 1-12 MeV energy range are not conclusive. Also, 

Baker et. al. stated in presenting their data that 

their detector wasn't functioning optimally during the 

Crab portion of their flight. 

The high energy data presented in this thesis 

contains many summed channels with negative fluxes 

indicated. As stated earlier this says that for those 

summed channels only upper limits may be set. A neg¬ 

ative flux further points to the background as domin¬ 

ating the Crab Nebula in these energies and would 

lead to the supposition that a source of 1-12 MeV 

plotons was viewed as background. As stated earlier 

in the section headed "The Source of Background", 

three minor sources of X-rays in the 2-6 keV energy 

range were in or near the field of view during the 

observation of background. If one or more of these 

sources is responsible for the dominance of background 

then that source is of a different nature than any 

previously known source of gamma-rays in that it 

radiates predominantly in the MeV energies (the low 
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gamma-ray energies being clearly dominated by the 

Crab.) Such a source would be of intense astrophysi- 

cal interest with the dominant energy release 

mechanisms being most probably nuclear in nature. 

A more probable cause of the poor statistics and 

negative fluxes in the high energy range of this ex¬ 

periment has been alluded to earlier. What is, the 

low count rates as shown in figure 12, the dominance 

of photons from the Earth's atmosphere in the 1-12 MeV 

energy range as indicated in figure 11, and the pre¬ 

viously discussed leakage of the detector guard 

crystals of photons of greater than around 700 keV 

all combining to dominate the high energy spectrum 

without regard to the pointing angle of the detector. 

Still the upper limits shown for the high energy 

domain are valid for if the Crab Nebula were suffi¬ 

ciently intense it would dominate the above mentioned 

effects. 

Again the offset shown for the current experiment 

was chosen because of the possible peak at approxi¬ 

mately 100 keV. The superposition shows that the two 

other experiments shown at that energy disagree. The 

offset shown favors the bump of Peterson et. al. 

(1968) but other offsets not shown favor the absence 

of the peak as shown in the data of Haymes et. al. 

(1968). The conclusion is that the offset may be the 

determining factor in whether or not the peak is seen 
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and that Peterson et. al. and the present experiment 

used similar offsets while Haymes et. al. possibly 

split the peak. 

Another interpretation is that the peak is a 

temporally varying feature that was active during 

the present experiment and during that of Peterson 

et. al. but was inactive during that of Haymes et. 

al. However, since the data of Haymes et. al. can be 

duplicated using the current data but a different 

offset, the first view of the splitting of the peak 

by Haymes et. al. is favored. At most this feature 

is a weak one of only a standard deviation above a 

curve fit to the data. 

With the exception of the above mentioned possible 

peak, no other features are to be noted in the low 

energy analyzer. 

In the range of energies of the low energy ana¬ 

lyzer the power law fit is further support for the 

synchotron mechanism mentioned in the Crab Nebula 

portion of this thesis. 

The high energy (1-12 MeV) data presented in 

sketchy and somewhat inconclusive, however it can be 

interpreted as support of an extrapolation of the 

'1ower energy data. 
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VI. Conclusion 

The detector has been shown to have functioned 

optimally during flight 73-2. The azimuth drive and 

command receiption systems had minor problems during 

the flight but did not effect the experiment adversely 

during the Crab Nebula viewing period. 

The mapping of the portion of the sky viewed 

during the background viewing time segments has shown 

that three minor sources were in or near the field of 

view during background measurements. The intensity 

of these sources is, at maximum, 4.7 UHURU intensity 

units as compared to the Crab Nebula's 947 intensity. 

Additionally, the dominant background segment took 

place in a portion of the sky clear of X-ray sources. 

Thus, the background measurements in the 0.06 to 

12 MeV range are thought to be clear of contamination. 

In the high energy analyzer a dominance of the 

Earth's atmospheric emission of 1-12 MeV photons 

over those received from the Crab Nebula or back¬ 

ground is evident. This is a major factor in the 

poor statistics in that energy range. 

A possible spectral feature at 100 keV consistent 

with the Peterson et. al. (1968) data is seen with a 

particular choice of offset channels. The feature 

is not present in the data of Haymes et. al. (1968) 

but is possibly present in that data if a different 
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offset is used to process the data. 

The possible feature at 100 keV is not explained 

by current theories and thus deserves further 

explanation. 

The high energy data predicts a lower level of 

flux from the nebula than that predicted by Baker et. 

al. (1973). This lower value is consistent with an 

extrapolation of the lower energy data of this and 

other experiments. 

The high energy data is quentionable statis¬ 

tically for a number of possible reasons. First and 

most probable is the dominance of the Earth's emission 

of high energy photons combined by leakage of radia¬ 

tion through guard crystals. If this is the case 

then for observations in this energy range to be 

statistically sound several improvements would be 

required. The detector would have to be more effec¬ 

tively shielded against high energy radiation (implying 

a much more massive detector) and the observation time 

would have to be largely extended due to the low count 

rates (probably implying an observation from space) 

or an observation from outside the realm of the Earth 

(reducing effectively the intensity of Earth based 

high energy photons) would have to be made. 

A more improbable but nevertheless possible expla¬ 

nation for the poor statistics in the high energy 
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realm is that of a source of predominantly high energy 

photons having been viewed during the observation of 

background. This requires a source of radiation 

emitting predominantly in the MeV energy range (the 

lower energy ranges being clearly dominated by the 

Crab Nebula) and forecasts a dominant mechanism for 

such a source as being nuclear in nature. 
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