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CHAPTER I 

INTRODUCTION 

Until recently,, our picture of the universe has 

been made up almost entirely from information carried by 

light with visible or near-visible wavelengths. From 

this relatively narrow band of the electromagnetic spectrum, 

astronomers have been able to glean a vast amount of infor-

mation about the events which occur in the various parts 

of our universe. By studying the characteristics of the 

incoming radiation, one can determine the processes respon-

sible for its production and the conditions which exist 

in the regions where the radiation is produced. There are 

many events which occur, however, in which either no vis-

ible radiation is produced or in which the information 

carried by the light alone is insufficient to describe the 

processes involved. In order to obtain a complete picture 

of these events, some means of obtaining additional infor-

mation is required. 

A major step in extending the scope of observation 

was made in 1931 when Karl Jansky, working at the Bell 

Telephone Laboratory, detected radiation in the radio fre-

quency portion of the electromagnetic spectrum which he 

was able to show was generated somewhere in the region out-

side the solar system. Since the initial step by Jansky 



the radio telescope has developed into a major tool for 

studying the universe. It has not only complemented the 

optical telescope, but has also added striking new infor-

mation to our catalog of data about the universe. One of 

the most outstanding examples of the value of the radio 

telescope can be found in the mapping of the structure of 

our own galaxy. Until the advent of the radio telescope, 

the ironical situation existed that although the optical 

telescope showed quite clearly the spiral arrangement of 

the stars in other galaxies which were millions of light 

years away, there was uncertainty as to the structure of 

our own galaxy due to the great volumes of tenuous dust 

which obscure many portions of the Milky Way. Radio 

astronomy, with its ability to penetrate the interstellar 

dust, revealed the spiral structure of a large part of the 

Milky Way which was hidden from our view. 

The success of radio astronomy has shown that the devel-

opment of techniques and instruments for studying the unex-

plored regions of the radiation spectrum can be a very rewarding 

task. Much effort has been made in recent years to develop 

the technology necessary for using primary cosmic rays as a 

source of new information about the higher energy processes. 

X-rays and gamma rays are particularly attractive because 

of their penetrating power and because they are unaffected 



by the weak, but very large scale, magnetic fields in which 

the charged particle portion of the cosmic rays tends to 

retain little, if any, of 1 it's: directional information. 

X-rays from the sun were first detected in 1949 (1). 

Since that time more than ten discrete celestial sources 

have been located. All of these sources lie rather close to 

the galactic plane and appear to be galactic, rather than 

extra-galactic objects. 

Gamma-ray astronomy is intrinsically more difficult than 

X-ray astronomy due to i) the low counting rates involved, 

ii) the interference caused by charged particles in the gamma-

ray detectors,and iii) the generation of secondary gamma rays 

in the atmosphere above the instrument by high energy cosmic 

rays. It is the goal of the study leading to this thesis 

to develop an instrument which is capable of detecting the 

presence of gamma rays with energies between fifty and sev-

eral hundred Mev. and to study their directional properties. 

One of the major problems encountered in any attempt to 

study extra-terrestial radiation is the scattering and ab-

sorption of the radiation by the atmosphere above the detecting 

instrument. This is especially true of observations of the 

higher energy photons (X < 103 A). Figure 1 shows the pene-

tration depth of the radiation as a function of wavelength. 

There exist several "windows" in the visible and radio portions 

of the spectrum through which radiation can pass through the 



atmosphere without experiencing significant absorption or 

scattering, so that observations can be made directly from 

ground-based detectors. If observations are to be made at 

wavelengths at which the atmosphere is opaque, some vehicle 

is necessary for placing the detecting instrument above the 

atmosphere. 
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Fig. 1—The absorption of the radiations in the atmos-
phere as a function of wavelenths (diagram after M. Oda). 

There are four vehicles available at the present time 

which are capable of lifting instruments above a major portion 

of the atmosphere. These are the airplane, the rocket, the 

earth satellite, and the high altitude balloon. The air-

plane is unsuitable as a vehicle for observing high energy 

gamma rays since scattering and absorption at maximum flight 

altitudes is still.appreciable# Rockets suffer from the fadt 



that they: have only a limited flight time. The maximum time 

available in which an experiment can be conducted aboard a 

rocket is usually limited to less than ten minutes. Satel-

lites are very suitable platforms for conducting gamma-ray 

experiments since they offer very long exposure time, of the 

order of months, and operate at altitudes which completely 

eliminate the effects of the atmosphere. Instruments designed 

for satellite observations are generally very expensive and 

difficult to construct since specialized "space hardware" 

must be used. The data rates are very limited so that exper-

iments tend to be simplified. A very long "lead time" is also 

required in the design and construction of the experiment. 

In this study it was decided that the high-altitude balloon 

was the most suitable platform to be used since it is capable 

of carrying an instrument above ninety-nine percent of the 

atmosphere and holding it there for periods of time up to 

twenty-four hours. The instruments designed for balloon flight 

can generally be constructed from "laboratory" type equipment. 

Several types of scintillation detectors have been used 

in previous attempts to measure the galactic gamma-ray flux. 

These detectors suffer from the fact that the angular reso-

lution can be increased only at the expense of the counting 

rate. They also provide no positive identification of the 

gamma-ray events. In this study it was decided that a detector 

built around a spark chamber would provide the most reliable 



identification of the gamma-ray events, without sacrificing 

counting rate for good angular resolution. An instrument 

was constructed and was flown from Palestine, Texas, in 

September of 1965, after three unsuccessful launches: two 

due to balloon failure and one due to instrument failure. 

Chapter II of this thesis reviews several of the pro-

posed mechanisms for producing high energy gamma rays and 

describes several of the attempts to detect their presence. 

In Chapter III, a short historical review of the spark 

chamber is given, along with a qualitative description of 

its operation. 

The last two chapters describe the construction of 

the instrument and the results obtained from its flight. 
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CHAPTER II 

i 

A SURVEY OF GAMMA-RAY INVESTIGATIONS 

Since Morrison (24) suggested the possibilities of 

gamma-ray astronomy in 1958, many theoretical reasons for 

expecting a measurable flux of primary gamma rays at the top 

of the atmosphere have been discussed. Several experiments, 

using a wide variety of instruments to search for primary -

gamma rays, have been reported. To date, none of these ex-

periments has yielded any definite evidence of localized 

sources. Only upper limits to the gamma-ray flux from the 

various sources have been obtained, this chapter will review 

several of the proposed production mechanisms and describe 

several of the experiments designed to study the gamma-ray 

flux. 

Gamma-Ray Production Mechanisms 

The processes which have been proposed for the produc-

tion of high energy gamma-ray photons can be divided into two 

classes (18). One involves the decay of neutral TT mesons 

produced in high energy proton-prbton collisions and in the 

annihilation of proton-antiproton pairs. The second class 

involves the degradation of the energy of high energy cosmic-

ray electrons by bremmstrahlung, synchrotron radiation and 

inverse Compton scattering. 

8 



In general the production rate of high energy gamma 

rays will depend on the conditions, i.e., the local cosmic 

ray spectrum and intensity, the neutral particle density, 

the magnetic field strength, etc., which exist in the region 

of space where the photons are produced. The calculation of 

expected source strength is generally restricted to inter-

stellar and intergalactic space where the conditions which 

exist are reasonably uniform and well known. This does not 

mean that the same production mechanisms are not operative 

in the stellar regions or in regions of unusual galactic 

activity, but that, except in a very few instances, very 

little is known about the conditions which exist in these 

regions and the prediction of gamma-ray flux is impossible. 

Pion Production in Proton-Proton Collisions 

In traversing interstellar space, cosmic ray particles 

will occasionally collide with nuclei of interstellar gas. 

The products of these collisions usually include several 

charged and neutral Tf mesons. The charged mesons decay 

into^f mesons and eventually into electrons which can con-

tribute to the gamma flux by one of the electronic production 

mechanisms mentioned earlier. 
<• 

The n mesons decay directly into gamma-ray pairs. 

In the rest frame of the meson, the two gamma rays are pro-

duced with an energy of approximately 70 Mev. or one half of 

the rest energy of the meson. In the laboratory frame the 
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gamma ray may have any energy between M0(l - ^ )/(l - |3 

and M0(l + )/(l - 2)^, |3 being the velocity of the meson 

relative to the speed of light. For a continuous energy 

distribution of the mesons, the resulting gamma-ray spectrum 

will peak at approximately 70 Mev., with the average energy 

of the photons being of the order of the average energy of 

the cosmic-ray particles themselves. 

The gamma-ray source strength, i.e., the number of gamma 

rays produced per unit volume per unit time, dtle to the 

proton-proton collisions is given by 

fOO 

% " 2 / nH OfrtB) m(E) Ip(E) dE (1) 

^o 

where nf| « the local gas density in nuclei/cm^, 

CJtt(e) « the cross-section for meson production, 

m(E) • the average number of mesons produced per 

collision, and 

Ip(E) « the differential cosmic-ray spectrum. 

Pollack and Fazio (22P) have evaluated this integral using 

tabulated values for Orr (E) and m(E) and assuming a cosmic-

ray spectrum similar to that measured near the Earth, with 

the results? S<u» « 9 <>7 X lO" 2^^. Assuming that absorption 

is negligible, the intensity as measured at the Earth is 

given by I « J S ^ d r - 9.7 X 10~2^ J[ dr = 9.7 X 10"°2^NH 

where NJJ is the number of gas nuclei per unit area along the 
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line of sight. Using the density distribution, of neutral 

hydrogen derived from radio observations of the 21 cm spec-

tral line (20), Pollack and Fazio predict that the gamma-ray 

intensity averaged over all directions should be of the 

order of KH^photons (cm^ sec sterad)*"-*-. 
i 

Two major uncertainties exist in the estimates of the 

gamma flux. Gould, Gold and Saltpeter (1#) have suggested 

that on the average, molecular and atomic hydrogen should 

have similar galactic distributions, and that the relative 

abundance may be in the range 0.1 to 10. If molecular 

hydrogen is present in concentrations near the larger value, 

the observed flux could be larger than that predicted from 

the abundance of neutral hydrogen. 

Parker {279 has suggested that the cosmic-ray intensity 

in the Galaxy as a whole may be appreciably larger than it 

is near the Earth. This is a result of the interaction of 

the galactic cosmic rays with the moving magnetic field 

carried by the solar wind. The net effect of the uncertainty 

of the gas density and the cosmic-ray spectrum is to make 

the gamma-ray intensity difficult to estimate. 

Proton-Ant iproton Annihilation 

Among the products of proton-antiproton annihilation 

are t r mesons. Since the velocity of the annihilation 

mesons is generally small, the resulting gamma-ray spectrum 

will be more sharply peaked around 70 Mev. than the photons 



12 

produced in proton collisions (17). On the average, five 

mesons are produced in the proton-antiproton annihilation, 

with equal number of trt tt" and ir° being produced. The 

charged mesons decay into electrons through the process 

TT -•—»* Jjl - + i/-*»e± + V , with the average energy of the 

electron being approximately 100 Mev. The Tf"mesons decay 

into two gamma rays, with the energy of each being roughly 

100 Mev. Thus the electrons and the gamma rays share equally 

in the energy released in the annihilations. 

It has been suggested by Hoyle and Burbidge (20) that the 

energy radiated by colliding galaxies may result from the an-

nihilation of matter and anti-matter. Savedoff (JO), working 

on this hypothesis, estimates that the gamma flux from Cygnus A, 

a strong radio source, should be approximately 4 X 10"? 

photons (cm^ sec)""-*-. This flux was obtained by assuming that 

the total kinetic energy of the electrons is converted into 

electromagnetic radiation through the synchrotron process. 

The gamma-ray energy flux can then be equated to the radio 

flux, which has been measured experimentally to 7 X 10"-1-1 

2 —1 
ergs (cm sec)" . Assuming an average photon energy of 100 

-7 

Mev., the particle flux of 4 X 10 is obtained. This flux 

is well below the minimum flux measurable with present instru-

ments. Higher fluxes would be expected if an appreciable 

fraction of the electron energy went into other than radio 

emission, while lower fluxes would be obtained if the elec-

tron energy arose from Fermi type interactions with the 

colliding magnetic field systems of the two galaxies. 
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Electron Bremsstrahlung 
I 

Gamma radiation can arise from bremsstrahlung collisions 

of high energy electrons with galactic and intergalactic 

gases. The integral source strength of gamma rays with 

energy greater than E is given by 
t -CD 

S B { > E) «= 3.2 X lO"26 nH / E 7" J * e W
 d W (2) 

Ja 

where Ie(W) is the differential electron spectrum and n^ is 

the local gas density. 

Direct measurements of the electron energy spectrum 

made in the vicinity of the Earth by DeShong, Hildebrand, 

and Meyer (4) and by Earl (3), have yielded a spectrum 

which can be represented by a power law of the form 

I0(E) « 11 X E-^*^(m
2 sec sterad)"^. Assuming that n^ is 

1.5 X 102^- cm"*2, equation (2) predicts a gamma-ray flux of 

2.4 X 10" ̂ (cm2 sec sterad)"^ for energies above 100 Mev. 

The general galactic electron flux is difficult to estimate 

due to the strong solar modulation. This modulation is 

poorly understood and difficult to evaluate. Additional in-

formation on the intensity and spectral shape can be obtained 

from synchrotron radio noise measurements, provided one assumes 

a galactic magnetic field strength. 
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Inverse Compton Collisions 

High energy cosmic-ray electrons will occasionally 

scatter low energy photons to much higher energies. When 

viewed in the rest frame of the electron, the collisions can 

be described by the Klein-Nishima formula, i..e«, Compton 

scattering. 

The integral gamma-ray source strength is given by 

r°n r(mcl)Y^ 
Sc( > E) = QTT I I-SLSlIi dCOdj? where CT t is 

-^o "Mt\cVe75 

the Thompson cross-section, is the differential 

photon energy density in ev(ev cnP)"1 and is the energy 

of the photon before scattering (18). It is evident from 

the integral above that the observed gamma-ray flux will de-

pend on the spectrum, and the intensity of the electrons and 

the low energy photons. As was stated earlier, the galactic 

electron flux is only roughly known. 

The photon spectrum is made up of photons from two sources. 

The first of these is starlight photons with a blackbody dis-

tribution corresponding to a temperature of <*6000° K. and 

having an average energy of »+ 1 ev per photon. The energy 

density of the starlight photons is not well known (23-, H } . 

Typical assumed values for the photon energy density in ga-
- 3 

lactic and intergalactic spaces are 1 e v ( c m ) ~ 3 and 10 

ev(cm}""3 respectively. 

The second class of photons consists of cosmic microwave 

radiation recently observed by Penzias and Wilson (2$), and 
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others (5)- This radiation is believed to be universal and 

of thermal origin, with a blackbody temperature of 3.5° K. 

The associated energy density is *** 1 ev(cm)"^, which is 10^ 

to 10^ times larger than the intergalactic starlight density. 

The contribution to the gamma-ray flux by the inverse 

Compton process has been discussed by Felton and Morrison (13)# 

and by Felton (12), They find that the contribution due to 

the starlight population fails to explain the observed X-ray 

and low energy gamma-ray flux by a factor of 300. When the 

contribution due to the scattering of intergalactic electrons 

with the thermal background radiation is considered, the mag-

nitude of the measured flux can be adequately described; how-

ever, some discrepancies remain in the predicted spectral index. 

Absorption Mechanisms 

One of the attractive features of using gamma rays in 

astronomical measurements is their ability to pass practi-

cally unaffected through interstellar and intergalactic space. 

At energies greater than several Mev., where the photoelectric 

cross-section is negligible, the major loss mechanisms are 

Compton scattering and pair production in charged particle 

and photon-photon collisions. 

The total Compton cross-section for low energy photons 

is given by 0*T = STT* re^/ 3 - 6.6 X 10""^ cnf^ (9» p. 6&&). 

This cross-section is an upper limit and decreases with 

increasing gamma energies. The mean-free path for collision 
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is given by X s 2/0rne» where n g is the electron density. 

If one assumes a galactic electron density as large as 10 

electrons (cm)~^, the mean-free path is greater than three 

galactic diam&ters. If the intergalactic electron density is 

taken to be as large as 10" 5 cnf^, the mean-free path is still 

greater than 102^ cm. This is greater than the observable 

radius of the universe,which is 10^® light years. 

Pair production can occur in the field of an atom if the 

photon energy is greater than 1.02 Mev. In the energy range 

above 2 Mev. the cross-section for pair production is given 

b y C T - O o ^ 3 # where = (1/137)(e/mc2)2 = 5.3 X 10""2^cnf2, 

z is the proton number of the absorbing material and f is a 

function of z and the photon energy which has a maximum value 

of 20 for very high energy photons. Assuming that the galac-

tic hydrogen density is as high as 100 cnT^, which is 

probably over-estimated by two orders of magnitude, and 

V = 20, the mean free path is greater than 102^ cm, which is 

again large compared to the galactic diameter. 

Pair production can also occur in the collision 6f two 

photons if the center of momentum energy is greater than 

2m 0c
2. For two photons of energy and Eg moving in oppo-

site directions along the same line, sufficient energy for 

pair production is available if E - ^ > (m Dc
2) 2. Nikishov (2J) 

has estimated that the mean-free path for absorption by galac-

tic starlight is 102^ cm and for intergalactic starlight to be 

102^cm, so that absorption by starlight can be completely 
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neglected. This is not true, however, for absorption by the 

thermal background radiation. At gamma-ray energies greater 

than 10^^ ev the absorption can become appreciable, even for 

distances less than the galactic diameter. Jelley (21) has 

found that at 10"*" ̂ ev, the mean-free path is only 1 0 ^ cm, 

or about 0.1 of the galactic diameter, so that a gamma-ray 

flux of this energy produced at the center of the Galaxy 

would be reduced by a factor of twenty at the distance of the 

solar system. The threshold for interaction with the micro-

wave radiation is approximately 1 0 ^ ev, so that below this 

energy gamma rays would be unaffected by the presence of the 

thermal photon population. 

Experimental Results 

The only efficient method of detecting gamma rays with 

energies greater than several Mev. is through the electrons 

they produce by pair production. The various experiments 
,1 1 

which have been designed to study primary gamma rays differ 

mainly by the means in which these electrons are recorded 
i 

and analyzed. 

i Emulsion Experiments 

Data from emulsion stacks are obtained from the pair 

tracks of the electrons produced when gamma rays materialize 

in the stack. 

Emulsions offer relatively high detection efficiency at 

low energies, five to fifty Mev. particularly, and have the 
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added feature that the complete history of the pairs can be 

examined.5 The main drawback to the use of emulsions is the 

extremely difficult and time consuming analysis required to 

obtain the data and the lack of temporal information on the 

occurrence of the events. 

Several studies have been made using nuclear emulsions 

as the recording medium for the events. Braccesi and others 

(1) were one of the first groups to use emulsion techniques 

in an attempt to measure the gamma-ray flux from Cygnus A. 

« 2 1 
An upper limit to the flux of 5 X 10"photons(cm sec) 

was obtained. Observations made by Fichtel and Kniffen (24), 

using an oriented emulsion stack, report no measurable flux 

of gamma rays in the energy range, from 10 to 2 X 10^ photons 

(cm^ sec)"^. The region of the sky examined in this inves-

tigation included such proposed sources as Cygnus A, Taurus A, 

the Sun, the galactic anticenter, and the inward direction 

of the spiral arm. 

Air Shower Experiments 

Air showers, initiated by either charged particles or 

high energy photons, produce secondary radiation which is 

very strongly peaked in the forward direction. At primary 

12 

energies greater than 10 ev, the secondary radiation can be 

detected using ground level detectors. The detectors may 

consist of scintillators, cloud chambers, spark chambers, etc., 

which measure the size and composition of the showers. They 
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A 
may also consist of Cerenkov telescopesfwhich detect the 

A • I 

Cerenkov light produced by the relativistic electrons moving 

through the atmosphere. Showers initiated by gamma rays can 

be distinguished from those produced by nucleons in that 

nucleon-initiated showers should have among their secondaries 

an appreciable number of mesons and nucleons, while the gamma-

initiated showers would consist mostly of cascade photons 

and electrons. 

The presence of a primary gamma-ray source can be deter-

mined in principle by studying the directions of arrival of 

the air showers. A flux enhancement from some direction 

which remains fixed on the celestial sphere can be attributed 

to a gamma-ray source in that direction, since the directional 

information is preserved in the gamma flux. 

Two research groups (15, 31), have attempted to measure 

the gamma-ray flux by a study of the air showers which are 

poor in muons and nucleons. Both groups find that there 

exists a distinct class of showers in which the nucleonic 

abundance, relative to that of tfcue electrons, is twenty to 

thirty times less than in ordinary air showers. The fre-

quency of these showers relative to normal air showers is 

approximately one in 10^. In neither of these investigations 

is there any evidence of a celestial anisotropy in the nucleon-

poor showers, so that these measurements must be taken as 

upper limits to the high energy gamma-ray intensity. 
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Studies involving Cerenkov detectors have been carried 

out by several experimenters (2, 16). The results of these 

experiments have been negative except in the case of obser-

vations by Fruin and others of the quasi-stellar source 

3C147. Here fluxes are observed which have only a four per-

cent chance of being compatible with zero flux. The authors 

point out that there could be disturbing instrumental effects 

from a bright star that is only 2.5° from 3C147. 

C ount er Experiment s 

Counter experiments use scintillation and/or Serenkov 

detectors to record the electrons produced in a suitable 

converter material. Anticoincidence guards are used to insure 

that only those events in which charged particles are pro-

duced in the converter are recorded. Since the tracks of the 

electrons are not recorded, the arrival direction of the in-

coming gamma rays can only be inferred to be within the 
! 

acceptance angle of the detector. 

Counter experiments performed,aboard high altitude bal-

loons have been carried out by Cline (3), who finds an upper 

limit of 3 X 10" ̂ photonsfcm^ sec sterad)-l for background 

flux and by Duthie and others (7), who find an apparent flux 

of 5.4 + 0.7 X 10"" ̂ photons (cm^ sec sterad)"̂ ". 

Two counter experiments have been performed aboard satel-

lites. An investigation by Kraushaar and others (22) aboard 

the satellite Explorer XI reports an upper limit to the gamma 
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flux of 3 X 10~3 (crâ  sec s t e r a d f o r photons with energies 

greater than 100 Mev. Fazio and others (10) have made meas-

urements of the solar gamma-ray flux from an instrument, the 

Orbiting Solar Observatory (0S0 I). They report an upper 

-2 2 i 
limit, for quiet sun periods, of 10" (cm sec sterad)"1 for 

gamma rays with energies above 50 Mev. 

Spark Chamber Experiments 

Like emulsions, spark chambers provide permanent records 

of the electron paths, with the added feature that the events 

are recorded individually and at known times, so that the 

temporal information is retained. The analysis of the 

recorded data is simplified, both due to the separation of the 

events and the reduction in the number of background tracks. 
i 

The directional resolution of the spark chamber is inde-

pendent of the acceptance angle of the detector as is not the 

case in counter detectors. The acceptance angle can thus be 

enlarged to view much larger portions of the sky. This allows 

several closely spaced sources to fe|6 viewed simultaneously. • 

Spark,chamber experiments have, been reported by Duthie 

and others,(6), Sgelman and others (26), and by Fry and 

Smith (17). Fry and Smith give upper limits of 10"^ photons 

(cm^ sec)~l, in the energy range 30, to 500 Mev., for 10 pos-

sible sources, including the Crab nebula, Cygnus A, and 

several quasars. Similar results are reported by Sgelman 

and others. 
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Duthie and others report that they find evidence for a 

gamma-ray source located in the constellation Cygnus, right 

ascension 20 hours 15 minutes, declination 35 north. The 

flux from this source was calculated to be 1.5 +, 0.8 X 10"^ 

photons(cm^ sec)"-'-. This flux increase was accompanied by 

a softening of the gamma-ray energy spectrum as evidenced 

by the opening-angle distribution of the electron pairs. 

Some question as to the existence of this source is caused 

by an altitude variation of the balloon at approximately the 

time the guspected source transited. 
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CHAPTER III 

CHARACTERISTICS OF THE SPARK CHAMBER 

In this chapter the characteristics of the spark chamber 

are described. The spark chamber is introduced in a short 

historical review of its development. This is followed by 

a largely qualitative description of its operation. 

Historical Review 

The spark chamber evolved from the particle detector 

known as the "spark counter". The spark counter, which was 

developed by Chang and Rosenblum (1), consists of two elec-

trodes in air, at a potential difference just insufficient 

to cause breakdown of the air. The ionization trail produced 

by a particle passing between the electrodes causes an elec-

trical breakdown of the air. This breakdown is detected by 

a potential change on one of the electrodes. The original 

spark counters used a wire-plane electrode geometry; this 

was superseded by a plane-plane geometry to obtain a larger 

sensitive area. When a plane-plane electrode geometry is 

used, the discharge occurs at ;the point where.the particle 

crosses the gap, thus physically locating the position of 

its path at that point. 

The operation of the spark counter is very similar to 

that of the conventional Geiger-Muller tube# the essential 
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difference being that the spark counter uses air at atmos-

pheric pressure between the electrodes, so that the discharge 

appears as a visible spark and does not spread over the 

surface of the electrode. 

The usefulness of the spark counter is limited since the 

counter is a continuously sensitive device, and although a 

number of counters used together would locate the track of 

a particle, the large number of sparks which occuis between 

the events of interest, due to the cosmic-ray background^, 

would hopelessly complicate the analysis. 

The problem of background radiation was overcome by 

Henning (6). He used a stack of parallel plate counters 

operating at a potential low enough to prevent background 

sparking. The potential across the plates was then increased 

to the normal working voltage when an external detector sensed 

the passage of a particle through /the counters. Using this 

setup Henning was able to photograph the spark displays 

without the interference of background sparking. 

Cranshaw and DeBeer (3) in 1957 carried this technique 

even further by leaving only a small potential across the 

electrodes to clear away old ionization which might cause 

spurious sparks and by pulsing the full high voltage across 

the chamber only when external detectors registered a coinci-

dence. 

Following the work of Cranshaw and DeBeer, considerable 

effort was made to choose the best gas to use in the chamber. 
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Air, which had previously been used, was not entirely 

satisfactory since small electrode spacing was required to 

obtain a reasonable working voltage and only one spark was 

formed per gap even when several particles traversed the 

chamber. Fukui and Miyamoto (5) found that these difficulties 

could be overcome by using an inert gas in the chambers. 

They found that several coincident particles could be dis-

played in the same gap and, if the high-voltage pulse was 

applied promptly and had a short rise-time, that the dis-

charge would follow the track of the particles up to an angle 

of about thirty degrees from the normal to the electrode 

planes. In addition, the lower breakdown potential of the in-

ert gasqs enabled a much greater electrode spacing to be used. 

Neon is now the most commonly used filling gas, usually with 

a small admixture of Argon,,Helium or organic vapors. With 

electrodp spacing of about one centimeter, a pulse height of 

approximately ten kilovolts is required to cause breakdown. 

In an attempt to increase the number of tracks which 

could be displayed simultaneously in the chamber, several 

variations of the spark chamber have been used. Fukui and 

Miyamoto developed a chamber in >rhich the electrodes were 

shielded from the filling gas by nonconducting glass plates. 

This configuration restricts the current flow in the discharge 

and extinguishes the discharge after a certain ammount of 

charge separation has occurred. Although the light output 

from the sparks in this type of chamber is greatly reduced, 
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a large number of coincidence tracks can be displayed. This 

type of chamber is generally referred to as a discharge cham-

ber, as opposed to a spark chamber where the electrodes are 

mounted in the filling gas and a relatively large current 

flows in thp spark. 

High multiple-spark efficiency can also be achieved by 

using a very short pulse to discharge the chamber ('8?). 

Spark chambers operating in this manner are usually referred 

to as operating in the "streamer mode", as opposed to the !t 

"spark mode" in which the full spark is allowed to develop. 

The statistical variation in the time required for a 

discharge to develop can cause a reduction of the multipler 

sparking efficiency in spark chambers which use commop high 

potential electrodes between adjacent gaps. The earlier de-

veloping discharges tend to reduce the electrode potential, 

in both gaps below the level required for high sparking 

efficiency. The sparking efficiency can be improved by using 

only one surface of each electrode. If the electrodes are then 

electrically isolated, the interference between adjacent g§ps 

is reduced. 

Spark Formation 

When a charged particle passes through the chamber, it 

leaves a trail of ionization due to the interaction between 

the gas molecules and the incident particle. Generally about 
J 

thirty ion pairs per centimeter are produced as the particle 
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traverses the chamber. By promptly applying a high voltage 

across the electrodes of the chamber, a spark is formed which 

can be used to locate the track of the particle through the 

chamber. 

The formation of a spark can be broken down into three 

phases in which the discharge has basically different charac-

teristics (>#). These are i) the Townsend phase, ii) the 

streamer phase, and iii) the spark phase. 

In the Townsend phase the charge produced by the incident 

particles is multiplied by the Townsend mechanism. When the 

high voltage pulse is applied to tjie chamber, the electrons 

move toward the anode, being accelerated by the electric , 

field. After they reach an energy of approximately twenty 

electron volts, depending on the gas used, the electrons are 

capable of ionizing the gas molecules with which they collide. 

When this occurs, new electrons are liberated which can 

repeat the same process. Thus the electrons form an avalanche, 

as shown in Figure 2a, which moves toward the anode with a 

velocity of approximately 10^,centimeters per second. The 

positive ions produced are heavier by a factor greater than 

103, so that they move so slowly that they can be considered 

stationary. 

The electric field in the region of the avalanche is 

given by the sum of the applied field and the field due to the 

free charge in the avalanche. Due to the separation of charge, 
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Fig. 2—Development of a spark showing: a) the Townsend 
phase and the subsequent growth into the b) streamer phase 
and c) the spark phase. 

the field inside the avalanche is less than the applied field, 

and decreases as the avalanche grows. The field outside the 

head of the avalanche is greater than the applied field and 

increases {as the avalanche grows. 
i I 

The streamer phase of the discharge starts when the 

field due to the avalanche charge becomes comparable to the 

applied field. When this occurs, the electric field inside 

the avalanche becomes very small and the electrons inside the 

avalanche recombine with the positive ions, producing photons 

which are capable of ionizing neutral atoms outside the ava-

lanche and producing secondary avalanches as shown in Figure 2b. 

Since the electric field near the head and tail of the ava-

lanche is enhanced, the secondary avalanches are preferentially 

formed in these areas. By means of the secondary avalanches, 
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$ 
the discharge moves rapidly, 10 centimeters per second, 

toward both the anode and the cathode. If the angle between 

the particle track and the electric field is not too great, 

the electric field will be distorted so that the discharge 

tends to follow the path of the particle through the chamber. 

When the spark chamber is operated in the streamer mode, 

the applied field is removed at this point so that further 

development of the spark is stopped. Up to this point there 

is very little current flow in the discharge. If the discharge 

is allowed to develop, the conductivity of the channel formed 

by the streamers rises very rapidly, with an associated 

increase in current. If there is a large number of discharges 

present in the chamber, the discharges containing the larger 

amount of ionization tend to grow at the expense of the lesser 

developed discharges. If the applied field is not removed-

at this point, the multiple-sparking efficiency for large 

number of sparks is reduced. 

The spark phase of the breakdown occurs when the , 

streamers reach completely across the gap of the chamber. A 

plasma channel, as shown in Figure 2c, is formed from anode 

to cathode,in which a large current passes. The position of 

the channel in relation to the track of the particles is as 

shown. The displacement dgp is approximately equal to the, 

distance the original avalanche moves before making the 

transition to the streamer phase. Since the displacement 
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is perpendicular to the electrodes, the error caused by this 

effect will depend on the angle which the track makes with 

the normal to the surface of the electrodes. 

After each event a short "dead time" is required to 

clear away the ionization produced in the spark. Electrons 

can be removed from the chamber either by recombination and 

attachment, if electronegative gases are present, or by being 

swept out of the chamber by a clearing field. Recovery times 

of several milliseconds are typical for chambers not using 

a clearing field. This time can be reduced by increasing ; 

the clearing voltage or by increasing the concentration of 

electronegative gases. 
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CHAPTER IV 

THE DESIGN AND CONSTRUCTION OF A 

GAMMA-RAT DETECTION SYSTEM 

In this chapter is described the balloon-borne detection 

system whicli was used to study the primary cosmic gamma-ray 

flux. 

For a system to be useful in the study of primary gamma 

rays there are several requirements which must be met: 

1) It must be sensitive to only a preselected type of event. 

At balloon altitudes the majority of cosmic rays present are 

cosmic-ray protons. The ratio of protons to gamma rays under 

these conditions is about 103. Any instrument used for studying 

gamma rays must be able to discriminate against the very large 

background of protons and to analyze only those events due 

to gamma rays. 

2} It must be able to retain the direction information , 

contained by the incident gamma rays. 

3) It must have a large sensitive area, solid angle, and 

detection efficiency. This is necessary in order to obtain 

sufficient events for reasonable!statistical accuracy since 

the isotropic flux at balloon altitudes has been reported by 

several authors to be only 5-0-3 to 10"^ gammas (dm2sec sterad)"".1 
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4) It must be able to operate at the reduced pressures and 

temperatures encountered at balloon altitudes. In this exper-

iment the system was packaged in an insulated, hermetic 

container so that the pressure inside the can was approxi-

mately atmospheric. 

5) Balloon operation places weight and power consumption 

restrictions on the system. It is desirable that the balloon 

float above as much of the atmosphere as possible to minimize 

the number of secondary gamma rays produced by the interaction 

of cosmic?-ray protons with the atmosphere above the instrument, 

and to minimize the absorption of .the primary gamma flux. 

This-requires that the weight of the system be held to a min-

imum.; Since batteries are used as the source of power for the 

instrument, low power consumption is necessary if extended 

flights aije to be obtained without adding extra weight in ^he 

form of batteries. 

Operation of System 
I' : 1 : 

The general features of the instrument are shown in 
" 1 , 

Figure 31. The system is constructed on a rectangular frame 

ten inches by ten inches by thirty inches long. The instru-

ment fits inside a cylindrical can fifteen inches in diameter 

and thirty inches long. The assembled unit forms a hermetic 

package which is sealed by a rubber gasket and is held together 

by thirty bolts. The entire instrument is covered with 
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Fig. 3—General view of the spark chamber instrument 
before enclosing in the hermetic can. 

approximately two inches of glass fiber insulation to protect 

the instrument from the extreme low temperatures encountered 

at balloon altitudes. 

When a gamma ray enters the detector, it is converted 

into an electron-positron pair. A scintillation system de-

tects the presence of this pair and initiates a program for 

recording the event. The spark chamber displays the path of 

the pair particles. This display is recorded by a 16 mm 

pulsed camera, located below the spark chamber, which views 

the spark chamber through a system of two mirrors which , 
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provide an orthogonal view of the display. Along with the 

tracks of the pair several other data are recorded. These 

include the orientation of the package with respect to the 

magnetic field of the Earth, the time at which the event was 

recorded, the total number of events recorded, and an interval 

marker. These data are displayed on a panel located in the 

field of view of the camera. This panel is illuminated by a 

small projector so that these data are recorded on each frame 

of the film. A typical frame recorded by the camera is shown 

in Figure 4* 

Fig. 4—An example of the film record obtained during 
a flight from Palestine, Texas. 

Recording of an event requires .8 second and no other 

events are analyzed during this period. The shutter of the 

camera remains open except when the film is being advanced; 
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thus the tracks in the spark chamber are recorded on the film 

when the spark breakdown occurs. The remaining time is used 

in recording the fiducial data and in advancing the film for 

the next frame. 

Recording of events is carried out in one-minute periods 

separated by twenty-second periods during which no other 

events are recorded. The twenty-second periods are used to 

measure the triple-coincidence rate (ABC) and the single rate 

(A) without the interference caused by the firing of the 

spark chamber. ;> 

The gas used in the spark chamber is a mixture of ninety 

percent Helium and ten percent Necpn, which is produced by the 

Lind^ Corporation especially for use in spark chambers. This 

is stored at a pressure of 300 pounds in a 250 ml bottle , 

mounted on the circular end plate,of the package. The gas 

flows from this bottle through a pressure regulator which , 

reduces the pressure to one half pound of pressure. The 

flow, rate of the gas is regulatedby a needle valve which is 

located between the pressure regulator and the spark chamber. 

Sub-Systems 

Detection 1System 

Purpose of detector.— The purpose of this unit is to 

convert the incident gamma-ray particle into an electron-

positron pair, to detect the presence of this pair, and to 
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display their paths through the spark chamber. The detector 

consists of two spark chambers, a lead converter, and three 

plastic scintillators and photomultiplier tubes. The arrange-

ment of the system is illustrated in Figure 5. A gamma-ray 

incident on the detector passes through the top spark chamber 

and scintillation plastic with only a small probability of 

interacting since these contain only low z material. The 

gamma ray then enters the lead converter, where it is converted 

into an electron-positron pair. At energies of interest in 
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Fig.-5—An exploded view of the detector assembly showing 
the configuration of the scintillators, spark chambers and 
the converter. 



41 

this experiment gamma rays interact with matter primarily via 

pair production, so that the photo-electric and Compton 

interactions can be neglected. 

After the electron-positron pair is formed, it passes 

through the lower scintillators and spark chamber, producing 

output from the B and C photomultiplier tubes and leaving a 

trail of ions in the gas mixture between the plates. When the 

high voltage is switched on, a spark discharge is formed along 

the paths of the ions. The upper scintillator and spark 

chamber are used as an anticoincidence to discriminate against 

charged particles. If a charged particle passes through the 

three scintillators, outputs will be obtained from all three 

photomultipliers. Thus only those,events which produce 

coincidental pulses, i.e., less than 300 nanoseconds apart,, in 

B and C scintillators with none from A (ABC) are analyzed. 

The upper ^park chamber is us^d as a check of the anticoinci-

dence. A charged particle will prpduce a track in the upper 

chamber while a gamma ray should not. Thus even if the anti-

coincidence is not 100 percent effective, visual inspection 

of the recorded event will eliminate any spurious events. 

! 

Construction of the detector.— The spark chambers 

consist of six inch by six inch plates separated by Flexiglas 

spacers as shown in Figure 6. The upper chamber contains 
| 

two gaps, the lower chamber contains six gaps. The plates 

used in the spark chamber are constructed from one 
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Fig. 6 — Details of the detector. Above— The Plexiglas 
frames and printed circuits used in the construction of the 
spark chamber. Below— The assembled detector. 
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sixty-fourth inch Fiberglas printed circuit boards. The 

boards are clad with .005 inch copper on both sides. The copper 

is removed from a border one fourth inch wide around the edge 

of the boards to provide a Fiberglas surface for bonding the 

plates to the Plexiglas frames and to prevent the metal edges 

of the plates from being exposed on the outside of the 

chamber. The plates are nickel plated to prevent tarnishing. 

A tab one half inch wide is left on one corner of each plate 

to provide a terminal for applying the high voltage to the 

plate. 

, The Plexiglas frames are six inches square, .400 inch 

thipk, arid have a wall thicknessrof .375 inch. The inside 
*• 

and;outside of two of the sides are polished to allow the 

sparks to be photographed through the walls of the diatribe?*. 

The<remaining two sides are sanded to a dull finish to prevent 

light reflection from these walls. Glass tubes are inserted 

through one wall of the frames to allow gas to be flushed 

through the chambers. The plates and frames are bonded 

together, using an epoxy resin, to form the spark chamber. 

The converter is a sheet of lead six inches square with 

a thickness of .240 inch. This corresponds to a thickness of 

one radiation unit. ; 

, The scintillation material used in the detector is 

Nuclear Enterprise NE-102 scintillation plastic. The scin-

tillators are six inches square and one half inch thick. The 



44 

plastic is covered with an aluminium foil reflector. The 

foil is covered with black photographic tape to exclude any-

external light from the plastic. The scintillators are 

coupled to the photomultipliers through short Plexiglas light 

pipes which are polished to prevent light loss. The photo-

multipliers are R.C.A. 6199. 

Assembly of detector.— The various components of the 

detector are held together by strips of one fourth inch fila-

ment tape wrapped around the corners of the unit. Two pieces 

of one sixteenth inch Plexiglas scribed with parallel lines 

three centimeters apart are placed over the two viewed sides 

of the spark chamber and serve as fiducial marks for locating 

the position of the sparks. A small lamp is imbedded in one 

corner of each sheet. When this lamp is on, the scribed lines 

stand out due to the scattering of light from them. 

Camera and Mirror System 
: i , | 

The camera used in recording the data is a Traid type 

KD-7 sixteen millimeter camera designed for pulsed operation. 

The shutter and film transport mechanism are driven by a 
! ! I 

twenty-eight volt direct current motor through a solenoid 
i 

activated clutch. Because of the excessive power requirements 

of the drive motor, approximately twenty-five watts, it was 
r 

operated only during the recording cycle. This required that 

the motor be turned on for each event and allowed to reach 
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operating speed before the film-advance solenoid was activated, 

The operation of the camera is controlled by a programmer, 

which will be described later. 

Mirrors are used to provide an orthogonal view of the 

spark chamber, and to allow the light path from the spark 

chamber to the lens to be folded in order to obtain the max-

imum object to lens distance. A long light path is necessary 

to obtain the depth of field necessary for photographing the 

sparks over the entire area of the chamber. A diagram of the 

light path is shown in Figure 7. 

Orthogonal 
mirror 

Chamber 

C amera 

Orthogonal view 

Folding 
mirror 

Direct view 

Fig. 7—Bottom view of package showing layout of optical 
system. 

Electronics System 

A block diagram of the electronics system is shown in 

Figure 3. The pulses from the photomultiplier tubes are fed 

into the discriminators. Each of these units has two outputs, 

0 and the complement U. An output of - 5 volts is 
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obtained on the 0 output line when the input is above the 

threshold of the discriminator. This voltage goes to zero 

when the input of the discriminator falls below the threshold 

level. The output from the discriminators is fed into two 

coincidence detectors. The first of these is satisfied by the 

logic XBC, i.e., coincident pulses from the X, B and C dis-

criminators. This logic corresponds to a gamma-ray event and 

is used to initiate the program for recording the event. The 

second coincidence detector produces output pulses with an 

input of ABC. This corresponds to a charged particle 

passing through the chamber. 

The output from the XBC coincidence detector passes through 

an inhibit gate into the programmer; which initiates a program 

for recording the event, and also i :he trigger-pulser cir-

cuits which produce the nine kilovolt pulse used to form the 

spark in the spark chamber. The delay time between the 

recording of the event by the photomultipliers and the appli-

cation of the high voltage pulse to the spark chamber is 

300 nanoseconds. 

When the ABC coincidence pulse is received from the 

coincidence detector by the programmer, it generates the 

control signals to produce the following sequence: First a 

signal is generated to close the inhibit gate so that no 

further events will be analyzed until the recording cycle is 

complete. At the same time the camera motor is started to 
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allow it to reach operating speed before the film is advanced, 

The fiducial lamps are fmlsed to record the fiducial data. 

After 0.4 second the film advance solenoid is pulsed, the 

SIGNAL 

Inhibit 

Motor drive 

Fiducial lamps 

Film advance 

Counter advance 

TIME 

0 .1 .2 .3 .4 .5 .6 .7 A 
1 I I ' ' ' i l l 

V / / / / / / / / / / / / / M 
U / / / / / / / / / / / / / / A 
w z n m 

m 
m 

Fig. 29.)— Programmer time sequence. The hatched area 
represents the time the control signals are in effect. 

camera shutter closes, the film advances one frame, and the 

shutter reopens. A pulse is then generated to advance the 

mechanical frame number register. After 0.7 second the 

camera drive motor is cut off. Finally after 0.8 second the 

inhibit signal is removed and the system is ready to repeat 

the cycle* Power is applied to the camera drive motor, film 

advance solenoid, mechanical counter and fiducial lamps 

through relays which are controlled by the appropriate 

signals generated by the programmer. 

At intervals of eighty seconds the inhibit gate is 

closed for a period of twenty seconds so that the A and ABC 

rates can be measured without interference from the spark 
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discharge. The inhibit signal is generated by a free-running 

asymmetrical multivibrator and is coupled to the inhibit gate 

through an OR circuit which allows the signals from either 

the programmer or the multivibrator to close the inhibit gate. 

Power supplies.— Power for the instrument is supplied 

by five battery packs. Three of these are made up of 1.2 volt 

mercury cells. The other two are made up of 1.5 volt alka-

line batteries. Table I shows the various voltages used in 

the instrument and how they are derived. 

TABLE I 

DETAILS OF BATTERIES USED IN THE INSTRUMENT 

Voltage Amp/Hour 
Capacity 

Battery 
Type 

Use 
i 

+ 12 

- 12 

1.4 

1.4 

Mercury 

Mercury 

Discriminators, coinci-
dence, programmer, etc. 

Same as entry above 

+ 15 

+ 2a 

£ # 0 

0 # * 

Alkaline 

Mercury 

Transmitter 

Camera, fiducial lamps, 
counter, inverter 

+ 100 

+1000 

+4500 

Inverter 

Trigger 

Photomultipliers 

Pulser 

+ 6 • • « Alkaline Heater 
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Mercury batteries are used in the + 12 and 23 volt 

battery packs to insure that these voltages remain relatively 

stable during the flight. Since mercury batteries do not 

operate well at low temperatures, small heaters were installed 

in each of the mercury packs to insure that their temperature 

stays at a safe operating level throughout the flight, espe-

cially during the ascent period when the outside temperature 

may drop to as low as -65 degrees Centigrade. 

Inverter.— The various high voltages, greater than 100 

volts, used in the instrument are supplied by the inverter 

shown in Figure 10, The 2B volt direct current input is 

converted into a 1500 cycles per second square wave by a 
! 

saturating core oscillator. This oscillator alternately 

switches the 28 volt input across the two halves of the 
f 

center-tapped primary of T-l. The secondary produces outputs 
i 

of 100 and 450 volts. The output from the 100 volt tap is 

rectified and filtered to supply the +100 volt direct current 

required by the trigger circuit. 

The 450 volt output is fed into a fourteen stage 

Cockroft-Walton voltage multiplier which produces an output 

of approximately 4500 volts, which is used by the pulser. 

The multiplier is tapped at the third stage to supply the 

1000 volts necessary for the photomultiplier tubes. The 

voltage at the third stage of the multiplier is approximately 

1350 volts. This is reduced and regulated to 1000 volts by 
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* .1 
Fig. 10--High-voltage power supply 

tphe corona discharge tube regulator made up of R^, R2, and 

to provide the voltage stability necessary for reliable oper-

ation of the photomultiplier tubes. 

Photomultiplier voltage divider network.— The circuit 

of the voltage-divider network is shown in Figure 11. The 

potentials for the photomultiplier are obtained from the 
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Fig. 11—Photomultiplier voltage-divider network 
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divider string, R]_ through R-^. This divider provides 

voltages from 0 to 1000 volts in approximately 100 volt 

steps. The first seven dynodes of the three photomultipliers 

are connected together. . The remaining three dynodes of the 

photomultipliers are isolated from their common supply lines 

by a decoupling network composed of a 27 Kjl resistor and a 

.01 pf capacitor. This is to prevent cross talk between the 

photomultipliers. The output from the dynodes of each photo-

multiplier tube is Separated from the high voltage by a 

.005 jif, 3 K blocking capacitor. 

Discriminator.— The discriminator circuit is shown in 

Figure 12. The transistor is a charge-sensitive amplifier, 

so that the collector current is proportional to the charge 

joi c-2 Qi 
2N706 

Qs 
2N706 

ZN705 

C M 
in-H m 

W <*2£K?68 
68 

4-™±i>0i 
C R17 RlS 

wVH 
2.7KM.7K 68 nrjOOt 

1K<1K 

*12V -12V -S.6V 

Fig# 12—-Discriminator circuit 

deposited on the anode of the photorrmltiplier tube«- A tunnel 

diode iis used as the threshold detector* In the normal state* 
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.i.e., no input pulses present, CR-1 is in its low voltage 

state. When the collector current of Q-l exceeds a preset 

level determined by the bias resistor R7, the tunnel diode 

switches to its high-voltage state. This produces a negative 

going pulse which is used to trigger a one-shot multivibrator 

made up of Q3 and Q^. The length of the output pulse from the 

one shot is determined by the capacitance of C7. In this 

experiment a 0.001 ĵ f capacitor was used to obtain an output 

pulse 300 nanoseconds wide. 

The discriminator output 0, and its complement U, are 

obtained from a differential amplifier made up of Q«j and Q^. 

The potential on the output line of the discriminator is 

+ 1 volt when no signal is present on the input and - 5 volts 

when the input exceeds the threshold level. 

The threshold levels of the three discriminators were 

set to obtain the optimum detection of gamma-ray events. 

Since the A scintillator was used as an anticoincidence detec-

tor, the A discriminator must be set low enough to trigger 

on any minimum ionizing particle passing through the scintil-

lator, approximately two Mev. energy deposition. The B and C 

detectors need register only events in which two particles, 

the pairs, pass through the scintillators. Thus the thres-

hold for the B and C discriminators are set between pulse 

heights corresponding to minimum ionizing and twice minimum 

ionizing particles, two Mev. and four Mev. 
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Fig. 13—Coincidence detector 

Coincidence detectors*— The coincidence detector is 

shown in Figure 13. This unit is basically an AND logic gate 

which produces an output pulse when signals are present in 

coincidence at the input. The transistors QA, QB. and Ql 

are used as a current switching mode, so that when the voltage 

on the bases of the input transistors goes to -5.0 volts, 

Q-L is turned off, producing a negative going pulse on its 

collector. This pulse is used to trigger a one-shot multi-

vibrator which produces a standardized pulse which drives the 

output transistor Q^. 

Gate.— The gating circuit, shown in Figure 14, consists 

of' an AND gate made up of Qi, Q2, and Q3, followed by a pulse 

amplifier, Q4 and Q5. When the potential on the gate terminal 

is - 10 volts, a pulse at the input produces a 10 volt pulse 

on the output. When the gate terminal is at ground potential, 

the input pulses are blocked and no output is produced. 
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Pulse and Trigger.— When this unit receives a pulse 

from the XBC coincidence detector, it produces a nine kilo-

volt pulse which is used to discharge the spark chamber. 

This pulse is obtained by using a pulsed-type voltage doubler. 

Doubling is accomplished by charging two capacitors to 4500 

volts in parallel and then discharging them in series using 

two Krypton filled thyratrons. The circuit diagram for this 

unit is shown in Figure 15. 

*10 v 

2N706 2N70 

IN 
SZ 626 

470A 
C-Z J.0 
!( 

2N3638 

R-2 
4.7K1 

2N706 
R 4 i R-6 
4.7K j IK 

©ATE -10V 
OPEN -10V 
c l o s e d OV 

2N706* 
R-8 < fi-9 ; 

4.7K? IK 
OUTPUT 

Fig. 14—Gating circuit 

Normally Q-j_ is off so that there is a 100 volt potential 

across capacitor C-l and on the collector of Q-̂ . The two 

thyratrons KR-1 and KR-2 are in their cut-off state so that 

there is a 4500 volt potential across C-2 and C-4. The input 

pulse turns Q-̂  on, discharging C-l through the primary of T-l, 

which produces a 400 volt pulse across the secondary. This 

pulse causes the first thyratron, KR-1, to fire. When this 

occurs, C-2 which is charged to 4500 volts, is placed in par-

allel with R-l, driving the cathode of KR-2 to - 4500 volts. 
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Ql 
2N699 

Fig. 15—Trigger-pulser unit 

The control grid of KR-2 is momentarily held at ground 

potential by capactior C-3, thereby causing it to fire. This 

effectively places the 4500 volts across C-4 in parallel with 

R-2. Since R-l and R-2 are connected in series, the potential 

on the output terminal goes to -9 kilovolts. 

The 9 kilovolt pulse is applied to alternate plates in 

the spark chamber as shown in Figure 16. The copper claddings 

on each side of the high-potential plates are electrically 

isolated from each other by 100 ohm resistors. 

The resistors prevent one of the gaps in a pair of gaps 

common to a high-voltage plane from robbing power from the 

other. The gap which contains the greatest amount of ionization 

tends to break down earlier and, if the planes are connected 



- 9 KV 
from 
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100. 

100 Plexi 
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space EPS 
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Fig.- 16--Details of the electrical connections to the 
spark chamber electrodes. 

by a low impedance, breakdown of one gap tends to lower the 

potential across both gaps, which can prevent the slower gap 

from breaking down. The resistors have little effect until 

one of the gaps breaks down. When breakdown does occur, the 

resistor limits the current so that the potential across the 

second gap is not reduced too quickly. 

Programmer.-- The programmer generates the control sig-

nals necessary to record each event. These signals are gen-

erated in diode logic gates which monitor the outputs of a 

binary counter, made up of three bistable multivibrators. The 

counter is driven by a clock which produces a clock pulse 

every 0.1 second. The basic recording cycle is eight clock 
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pulses long. A block diagram of the programmer is shown in 

Figure 17. 

F F - 2 FF-3 F F - 4 

b i ° 2 ^2 O3 TJ. 

"NOR" "AND" 

"AND" 

XBC coin. 

to gate motor drive 

fiducial 
lamps 

counter filA advance 

Fig. 17—Block diagram of the programmer 

When an event occurs, the XBC coincidence pulse sets 

the control binary FF-1. When this occurs the clock starts 

to generate the timing pulses to drive the scaler. The out-

put of the scaler as a function of time is shown in Figure 13. 

The various control signals, also shown in Figure 13, are 

generated by logic gates from the appropriate outputs of the 

scaler. For example, the film advance pulse, which occurs 

after 0.4 second and which lasts for O.li* second, is generated 

by the combination 0^, O2, and O3. After eight clock pulses 
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Ol 

°2 

°3 

Motor control signal 

Film advance signal 

Counter advance 

Reset pulse 

Fig. 15—Timing diagram for programmer 

the scaler is in its original state and the positive going 

signal on 0^ resets FF-1, stopping the programmer. The 

programmer is then ready to start a new cycle. 

Interval programmer.— The interval inhibit signal is 

generated by a free-running asymmetric multivibrator. The 

multivibrator is on for a period of twenty seconds and off 

for a period of sixty seconds. The inhibit signal blocks the 

gate which prevents the operation of the spark chamber and 

programmer. The output also drives a lamp on the data panel. 
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This records the intervals on the film record, the camera 

shutter being open during this period. 

Magnetometers.— The orientation of the package with 

respect to the Earth*s magnetic field is measured by two 

Schonstedt flux-gate magnetometers. The magnetometers are 

mounted above the package on a short boom so that their axes 

are in the horizontal plane and are mutually perpendicular. 

The output from the magnetometers is displayed on two 0-1 

milliampere meters mounted on the data panel. 

Ground station.— The ground! station is designed to 

monitor the operation of the instrument during flight and 

to provide a permanent record of the data which can be ana-

lyzed at a later time. A block diagram of the system is shown 

Tape recorder Audio 

w . w . v . 

92 M.C. 

receiver 

92 M.C. 

receiver Demod-
ulator 

Strip 
chart 
recorder 

92 M.C. 

receiver Demod-
ulator 

Strip 
chart 
recorder 

Fig. 19—A block diagram of the ground station 
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in Figure 19. A Neras-Clark F. M. receiver was used to detect 

the signal from the balloon. The output of the receiver, con-

sisting of two F. M. modulated sub-carrier bands,was recorded 

directly onto magnetic tape using an Ampex instrumental tape 

recorder and was also demodulated and displayed on a two 

channel strip-chart"recorder. An example of the recorded 

data is shown in Figure 20. To provide an accurate time 

record, the output of a receiver tuned to W. W. V. was re-; 

corded simultaneously with the data, along with comments 

which were pertinent to the flight. 

iunni 

i 

i 

Fig. 20—An example of the recorded telemetry signal 



CHAPTER V 

RESULTS AND CONCLUSION 

Four attempts have been made to fly the instrument just 

described. Three of the attempts were unsuccessful!dug to 

balloon failure on two of the flights and instrument failure 

on one. On the fourth attempt the instrument was successfully 

flown from Palestine, Texas. The major objective of this 

flight was to search for gamma rays from Cygnus A radio-source. 

The timing of the launch was set to allow the balloon to 

reach operating altitude just before the Cygnus source came 

into view of the detectors. The instrument operated cor-

rectly throughout the flight. Only a limited amount of data 

on the gamma-ray flux was obtained due to a partial failure 

of the anticoincidence detector. The cause of this will be 

described later. 

Details of Flights 

Flight 1 — This flight was launched on August 12, 1965, 

from Fort Churchill, Manitoba, Canada, at 0359 G.M.T. using 

a 2.9 million cubic foot balloon. The balloon rose to an 

altitude of 52,000 feet at which point it was destroyed, 

presumably by high atmospheric turbulence. The instrument 

landed approximately sixty-five miles southwest of 

Fort Churchill. Because of a high descent rate caused by a 

failure of the descent parachute to open correctly, the \c'-. 

62 
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instrument was slightly damaged on impact. These damages 

were repaired before the second flight. In normal operation, 

power is supplied to the instrument by a command from the 

ground only after the balloon reaches operating altitude. 

When the balloon burst, the relay which was to turn the instru-

ment on was shorted, so that the instrument began operation. 

The detector continued to operate until impact. 

Flight 2 — A second attempt was made on August 15, 1965# 

During the inflation of the balloon the surface winds increased 

to approximately twenty miles per hour, so that the balloon 

had to be destroyed in the launch platform. 

Flight 3 — This flight was launched from Palestine, 

Texas, on September 23, 1965,: at 1113 G.M.T. The balloon 

reached an altitude of 121,000 feet approximately three hours 

after launch. The instrument did not respond correctly to. 

the turn-on command. From an analysis of the partial tele-

metry data and an examination of the instrument after the 

flight wap terminated, it was found that the failure was a, 

result of the high voltage converter failing to operate 

correctly. No provisions hadebeen made for starting the 

converter at low temperatures. A starting circuit was added 

to the converter for the subsequent flight. The operation 

of the instrument was also slightly changed so that the 

instrument was turned on at launch and was operative during 

ascent except that the inhibit gate was closed to prevent 
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events from being recorded until the instrument reached 

operating altitude. Additional insulation was also added to 

the outside of the instrument to reduce the rate of heat loss. 

Flight 4 — This flight was launched from Palestine, 

Texas, on October 25, 1965, at 0645 G.M.T. aboard a 1.6 mil-

lion cubic foot balloon. The balloon reached a stable 

altitude of 122,000 feet at approximately 0900 G.M.T. and the 

instrument was turned on at 0905 G.M.T. Except for an un-

expectedly high event rate the instrument seemed to operate 

correctly. The instrument was turned off for a period from 

0930 until 1005 to insure that sufficient film was available 

to record the Cygnus transit. The instrument was restarted 

about thirty minutes before the transit of the Cygnus source 

at 1Q35 G.M.T. and was allowed to run until the telemetry 

indicated that the film supply was exhausted. The flight 

was terminated at 1200 G.M.T. and the package was recovered 

near Montgomery, Alabama. 

Data Reduction 

An example of the film record obtained during the flight 
I 

was shown in Figure 3« The front view of the chamber is 

located in the upper left corner of the picture and the side 

view is shown in the upper right corner. In the data analysis 

the angles which the spark tracks made with the vertical in 

each of the orthogonal views were measured with the aid of a 

microfilm viewer. These angles, o( and j$ , are defined 
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in Figure 21 along with the associated polar coordinates 

Magnetic 
North 

Spark display 
in the side 

r / . v i e w of the 
Trajectory or particijfe chamber 
though spark chamber 

/ 
Sjjgrk display in 

front view of 
chamber 

Fig. jfcl—Diagram showing the projection of the particle 
trajectory onto the two orthogonal views. 
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The conversion between the polar coordinates {Q,<p) 
and the orthogonal coordinates (0( , ̂  ) is given by 

/ tan OQ 
0 = Tan"1 ^tan{3 / 

<P » Tan"1 (tan2*X. + tan2 ^ )i. 

The orientation of the instrument in the terrestrial 

coordinates is measured by the angle S . The terrestrial 

azimuth of the track is given by © = 0 - S • The t®rrestrial 

zenith corresponds to the spark chamber zenith. 

Results 

Out of the nearly 4400 events,recorded during the fourth 

flight, only about eight can be attributed to gamma rays. 

The remainder of the events appear1 to be caused by charged 

particles which passed through the detector without being 

rejected by the anticoincidence. In effect this "leak" in 

the anticoincidence resulted in the instrument acting as a 

charged-particle detector, with the detector geometry being 

defined by the edges of the B scintillator and lead converter, 

and the top surface of the C scintillator. That the geometry 

described above is correct is demonstrated by the fact that 

none of the events produced sparks in the upper spark chamber 

and by the zenith angle distribution of the events shown in 

Figure 22. Since the sensitivity of the detector at a given 

zenith angle is a function of the azimuthal angle, only those 
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Fig. 22--Zenith angle distribution of events perpendic-
ular to the edges of the detector. 

events whose azimuth was within ten degrees of being perpen-

dicular to the sides of the detector were used in the histo-

gram. When this restriction is made, the sensitivity of the 

detector is proportional to the sine of the zenith angle. 

The geometric,cutoff of the detector occurs when the zenith 

angle is such that the trajectory cannot intersect both 

surfaces of the detector. For comparison the calculated 

sensitivity of the detector as a function of the zenith angle 

was superimposed on the histogram. From the agreement shown 

in Figure 22, it can be concluded that the partial failure, of 

the anticoincidence system was a result of the poor geomet-

rical configuration of the scintillators and not a failure, 

of the A scintillator to reject particles which actually 

passed through it. This means that the operation of the 

detector could be greatly improved by changing the geometry 
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of the scintillators so that no particles could pass through 

the B and G scintillators without passing through the anti-

coincidence. This could be accomplished by simply increasing 

the size of the A scintillator or by reducing the size of the 

B scintillator. 

Some idea of the geometrical factor of this "particle 

detector" can be obtained by comparing the particle event 

rate with the triple-coincidence rate. An average ABC event 

rate of 0.95 + .04 events per second was obtained during the 

flight. After correcting for the dead time of the detector, 

which was 0.73 second per event, the actual event rate was 

3.67 events per second. The geometrical factor of the triple-

coincidence detector was calculated to be 285 cm^ sterad. 1 

The average triple-coincidence rate during the flight was 

52.9 events per second. Assuming that the charged-particle 

flux, is isotropic, so that both detectors view the same flux, 

the geometrical factor of the particle detector would be 

approximately 19.7 cm sterad, i.e., approximately 6.9 

percent of that of the triple-coincidence detector. 

Since the majority of the events were due to charged 

particles and provided no useful data on the celestial gamma-

ray flux, an attempt was made to find if other information 

could be pbtained from the recorded data. The directional 

information on each of the events made it possible to measure 

the azimuthal asymmetry of the cosmic-ray flux. From the 

deviation of the experimentally measured east-west flux ratio 
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from that calculated from a consideration of the geomagnetic 

cut-off, it was possible to measure the cosmic-ray electron 

flux. 

A cosmic ray which reaches the surface of the Earth must 

first pass through the Earth*s geomagnetic field. Since the 

cosmic rays are charged, the particles experience a Lorentz 

force due to the interaction with the magnetic field. The 

result of this interaction is to prevent some of the particles 

from reaching the surface of the Earth. The conditions under 

which a particle outside the influence of the geomagnetic 

field is able to reach the surface of the Earth are defined 

in a theory by Stormer. This theory, which is valid for a 

dipole magnetic field, states that at a given latitude ̂  , a 

positive particle with rigidity N can reach the Earth if N is 

greater than Nmin, where 

Nmin^»A.) " 59.6 cos^JL (1 +Vl + cos^Asin Y\ )"2Bv. (1) 

In this equation lf̂  is the angle which the velocity vector of 

the particle makes with the meridional plane defined by the 

particle ^nd the axis of the magnetic dipole. The angle 

is considered positive for particles moving from west to east. 

If particles moving from west to east are considered, 1f̂  can 

be replaced by the zenith angle Cp and for particles moving 

from east to west, by - ( p . 

From Liouvillefs theorem on the conservation of volume 

element in phase space, it follows that the intensity of i 

cosmic rays in the allowed directions is the same at any 
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point along the trajectory of the particle. Thus if the 

distribution of particles at infinity is isotropic, for a 

given energy the intensity at the surface of the Earth will 

be the same as it is at infinity if the direction is allowed, 

and zero otherwise. Assuming that the distribution of parti-

cles at infinity is isotropic and that the cosmic-ray flux is 

made up of only positive particles, one would expect an 

excess of particles arriving from the west over that from the 

east due to the difference in cut-off rigidity predicted by 

Stermer* S; theory. For a cosmic-ray flux consisting of only 

positive particles, the ratio of the flux measured from the 

west, to that from the east at a zenith angle ̂ , is given by 

T / I(E)dE 

y m , (2) 

. r°I(E)dE 

where 1(E) is the differential cosmic-ray spectrum and can 
^ «, A "I 

be represented by 1(E) = 0.3 E particles/ (m sec sterad) « 

In equation (2), i s tiie cut-off rigidity evaluated 

at 42.8° jNorth, which was the geomagnetic latitude of the 

fourth flight. Integrating equation (2) gives 

JE{ P) { Nmin(-JP^ 

When the zenith sensitivity, f(^), of the detector is 

folded into equation (2), the west-east ratio as measured by 

the detector is 

•%(?) / ; w y i)-1 { 3 ) 
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Fig. 23—West-east ratio as a function of zenith angle, 
For angles less than 60°, the ratio can be considered a 
linear function of the zenith angle. 

JE 

where f 

^ t K • ()V"1 • 5 / f ^ M 

f<?> ( d E d y / f ( y ) dP U ) 

'o ' & 
is assumed to be proportional to sin<p, and 

<pm = 60°, To a good approximation, equation (2) can be 

assumed to be a linear function of , as shown in Figure 23, 

so that equation (4) gives = 1.46. An "effective" zenith 
JE 

angle, e, for the detector can be defined such that 

^)e) = 1.46. From Figure 23, <? e 39.5 • 
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From equation (1) the cut-off rigidities at a zenith angle 

(pe from the west and east are given by = 3 .84Bv and 

N e = 4.97BV. 

If electrons are present in the cosmic-ray flux, the 

west to east ratio given by equation (4) will be reduced 

since the east and west cut-off rigidities of the electrons 

are the reverse of those of the protons. If the electrons 

are included in the cosmic-ray flux, the west to east ratio 

is given by v 

jw 4 *
 Jw 

Je 4 + 4 
(5) 

where Jj| ̂  and ^ are the flux of electrons and protons 

respectively, from the east and west. Assuming that the 

electron spectrum can be represented as a power law of the 

form IQ = I Q e E"(^ , with ^ = -2.5, equation (5) becomes 

'l V (6) 
JE I e p (HE)1"? • i o e (Hw)1"? 

If r is defined as the ratio of the number of electrons 

to protons in the cosmic ray flux, equation (6) becomes 

Mh 
1 • r ( % ] 

WJ 

JW . ' 1.4.7 + r 

n . . /NW\1"P 1 + 1.4"^ • 
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Since the instrument was not intended to be used as a 

particle detector, it was necessary to determine the azimuthal 

sensitivity of the detector before any useful interpretation 

of the data could be made. In an isotropic flux, the azi-

muthal sensitivity of the detector could be obtained simply 

from the distribution of events in the spark chamber coordi-

nates. Since the flux is not isotropic, it was necessary to 

select the events used so that an even distribution of 

samples for the various orientations of the spark chamber in 

terrestrial coordinates was obtained. 

In this analysis it was assumed that the relative 

azimuthal sensitivity of the detector could be represented in 

the fprm 1 + A sin (0-6^). A least-squares fit of this form 

to the observed distribution was found to be 

1 + .236 sin (0- 30°). 

iA histogram of the events grouped into ten degree inter-

vals is plotted in Figure 24. These data have been corrected 

for the azimuthal sensitivity of the detector by assuming 

that each event contributed an amount (1 + .236sin(^9 - 30°)}"^, 

where 0 is the azimuthal angle of, each of the events in the 

spark, chamber coordinates. A least-squaresfit of the form 

JQ{1 + B sin ) for the data presented here is given by 

14.57 (1 + 0.148 sin (© + 10°)). Thus the west-east ratio is 

given by 

fw = 1 + 0.148 sin 100° _ 1.146 
JE 1 + 0.148 sin 270° ~ 0.850 = 3 4' 
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Fig. 24—Histogram of the azimuthal distribution of 
particle events and the least squaresfit of the form 
1 + "B sin (c9-(5l) • 

The error associated with the ratio can be found in 
JE 

terms of the variance of the coefficient B'. For a function 

of two independent variables, Y and Z, 

V ( g < * , Z > ) " f | f ) 2 V ( Y ) + ( f f ) 2 V ( Z ) ( 8 ) 

where the variance of a quantity is indicated by Y(*}. Thus 

1 ... _ , JW 

JE 

V(JW) + — r V(JE). If it is assumed that 
JE 
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V(JW) = V(JE) = V(B), then v(jj*] = 3.3 V(B). The coefficient 

36 1 

B was obtained from the equation D = / _ 36xj xj c o s W j , 

where the bar indicates the mean value, and Xj is the number 

of events observed from the direction © j . Thus 

V {B) 

v(xi> 3r- , z « > 18v'x3' 
Using equation (8),V(B) - ̂ " y 2 2 -

 (ooS J* " (36i.)2 * 
J "j ̂  ^ 

The variance of Xj was found to be 14.10 and Xj = 14.6, so 
T 

that the standard error is .06. Thus = 1.34 ± .06. 

From equation (7) and the observed west-east ratio, 

limits to the electron flux are obtained. These limits are 

presented in Figure 25, along with the results of direct 

measurements by other experimenters, A comparison between 

the data presented in Figure 25, indicates that the results 

presented here may be higher .than the actual electron flux. 

If this is the case, the most probable cause of this discrep-

ancy is the presence of an albedo flux measured along with the 

primary radiation. The albedo can be divided into two classes. 

The "splash" albedo consists of secondary radiation produced 

in the Earth's atmosphere by primary cosmic rays and moving 

upward from its place of origin. "Geomagnetic" or "re-

entrant" albedo consists of splash albedo particles which 
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re-enter the Earth*s atmosphere due to the guiding effect of 

the Earth's magnetic field. Both splash and re-entrant 

albedos produce fluxes which are symmetrical in the west and 

east directions so that an additional flux must be added to 

the east and west directions, i.e., 

£w - 4? * A ,q, 

J E JP • A 

where A is the additional flux due to the albedo particles. 

If the albedo is as high as ten percent of the vertical pri-

mary intensity (1), the ratio Jw/JE given by equation (9) 

becomes 1.42, with the associated limits to the electron flux 

beipg shown in Figure 25. Since the albedo flux is very 

poorly known, it must be assumed that the actual electron 

flux lies somewhere between the two extreme limits. 

Conclusion 

Although one of the major objectives of this study was 

not completely attained, i.e., that of measuring the celestial 

gamma-ray flux, the additional direct ibiial infori&ktion-.flrom 

the spark chamber data provided a reasonable measure of the 

cosmic-ray electron flux. The results obtained here point out 

t>ne of the valuable properties of the spark chamber as a 

cosmic ray detector: that of good directional resolution 

combined with a large acceptance angle. Experimental results 

to date indicate that the spark chamber is the only type of 

detector)presently aValiable which is capable of resolving the 



78 

possible discrete gamma-ray sources. With slight modifications 

of the scintillator geometry, the sensitivity of the instru-

ment described here sihould compare favorably with the other 
% 

detectors of this type. 
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