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ABSTRACT

A large NaI (Tl) crystal total absorption spectrometer
was used for the following studies on the cosmic
radiation near sea level: (a) the differential
energy loss spectra of the total rediation and of the
neutral component, (b) day-night variations of the
intensity of the total radiation asnd of the neutral
component, and (c¢) a sudden increase in the pnoton
component on May 4, 196C.

Observed energy spectra are presented end discussed.
No statistically significant day-night effect was’
established. The sudden increase in the photon
component was found to be related to a solar flare
occurring abcut 25 minutes earlier.
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CHAPTER 1

INTRODUCTION

The nature and intensity of cosmic radiation near sea level
has been studied for more than two decades, yet reports on the sea
level photon component alone are meager. This is primarily due to the
late development of suitable detectors for such studies.

Previous work on the high energy cosmic photons usually make
use of the fact that the soft component (elgctrons end photons) generates
showers of secondary particles in dense matter. By the coincidence
method using counter arrays, the nonionizing particle which produces a
shower in a dense absorber is a photon. Through the shower theory, the
number of shower particles is related to the energy of the primary photon.
Thus, the energy spectrum of photons near sea level has been determined
by Janossy and Rossi (1940), Clay and van Alphen (1951), Chou (195%),
Cernigoi and Poiani (1954), and Kameda (1960); their results are
consistent in that the differential energy distribution obeys a power
law but differ in the values of the exponent from =2.1 to =2.8 for the
energy range around 1 Beve No informetion has been reported for similar
studies in the low energy region i.e. up to a few hundred Mev. This
thesis presents preliminary results, using a newly developed instrument,
of such a study.

The introduction of the scintillation method in 1944 and
the later development of large scintillation phosphors and associated

counter equipment made high energy photon studies possible. However,



a simple and effective separation of the photon component from the total
cosmic radiation still remeined as a challenging problem. At the
University of Manitoba, a large Nal (T1) crystal total abgorption
spectrometer was designed by Standil and Loveridge (1959) primerily for
the study of the photon component and it has been used for a time
variation study of the neutral component of the cosmic radiation (see
Bukata, 1960). In this thesis, the mein characteristics of this
spectrometer were discussed, the general features and the time variation
of the differential sPectrum_obtaiﬁed with this spectrometer were studied,
and day-night effects on the cosmic radiation were investigated in a

preliminary way.




CHAPTER II

EXPERIMENTAL TECHNIQUES

Experiments were done in the Cosmic Ray Laboratory of the
University of Manitoba which is located on the r§of of the old Science
Building, geographic latitude 49.9° Ny, longitude 97.2° W, and an elevation
of 236 meters above sea leval. The walls of the laboratory were made
of wood, and the construction material of the roof’ was chosen such that
the effects due to the transition of cosmic rays through matter would
be minimized. The instability of the electronics resulting from the
temperature - change was eliminated by means of an air conditioning
system which kept the room temperature st 70 + 2° F all the time.
Studies on high energy cosmic radiation were carried out with a large
NaI (T1) erystal total absorption spectrometer as the detector and a
conventional arrangement of electronics as the events recorder, and data

were collected in terms of differential energy loss spectra.

A. The Total Absorption Spectrometer and the Recording Electronics

It has been established that the cosmic radiation inside the
atmosphere is composed of charged and neutral particles. The present
total absorption spectrometer was primerily designed to separate the
neutral component from the total radiation. Functionally speeking, the
whole experimental arrangement consists of two systems; namely, the signal
system which produces signal pulses upon detecting charged or uncharged
‘particles, and the anticoincidence system which provides anticoincidence
pﬁlses for the cancellation of the charged or not totally absorbed

particles; and a final recorder which presents a differential spectrum
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for the total radiatiom if it receives signal pulses from the system of
signal alone, and a spectrum for the neutral component if both systems
are operated simultansously. Detailed information about the total
absorption spectrometer and the recording electronics can be found in the
reports of Standil (1959), Loveridge (1959), and Bukata (1958, 1959)
while a simple description is given here for the convenience of reading
this thesis.

The signal system contains a NaI (thallium activated) crystal
with & cylindrical shape of 9-3/8 inches in diameter, 8-11/16 inches in
height and a 45° bevel to a cone of 2-5/8 inches in dismeter as shown in
Figure 1. Vhen a cosmic ray particle, either charged or neutral, interacts
with the crystal a flash of light is generated, the quantity of which is
proportional to the asmount of energy lost by the impinging particle in
the crystal. Three photomultipliers that view the bottom plane face of
the crystal through a glass light pipe will pick up and convert the
emitted light into electrical pulses which are electronically summed up
with a three channel mixer into a pulse designated as signal pulse. Being
small in size, this pulse is further megnified by means of a linear
amplifier before it is sorted into the proper channel of a hundred channel
kicksorter (see Figure 2).

As for the anticoincidence system, a cylindrical shield of
plastic phosphor (type NE 102) was constructed to envelope the Nal crystal
entirely by means of four sections: & circuler top plaete of 26 inches in
diameter and 1 inch in thickness, twovidentical sections of hollow cylinder
with an outer diemeter of 26 inches and an inner diameter of 16 inches and
& height of 11-1/2 inches, and a cylindrical bottom of 26 inches in
diameter and 6 inches in thiclkness. Six photomultipliers were installed

around the edge of the top plate, and five were placed directly under the




bottom section. These eleven photomultipliers collect the light emitted
in the anticoincidence shield due to the interaction between the cosmic
raediation and the plastic phosphor, and convert it into electrical pulses
which are added together in an eleven channel mixer as a pulse called
the a. c. pulse. Having been amplified by a linear amplifier, this a. c.
pulse, if its size is above the bias setting of the gate pulse generator,
will trigger the generator to produce a negative output pulse of constant
size about 50 volts and 4 microseconds which is fed into the anticoin-
cidence input circuit of the'hundred channel kicksorter.

As a result, events in the signal system unaccompanied by
events in the anticoincidence system are ascribed to the neutral particles
which are totally absorbed by the crystal, while charged and neutral
“events are recorded if the anticoincidence system is absent in the
operation. The total absorptidn spectrometer which consists of the Nal
crystal and the shield, and the block diagram of the whole eXperimental

arrangement are shown in Figure 1 and Figure 2.

B. Characteristics of the Whole Apparatus in Detecting Cosmic Rays

To clarify the foregoing description, let us discuss the
characteristics of the instrument operated without the anticoincidence
shield and of the instrument operated with the anticoincidence shield.

(1) Without Anticoincidence Shield

The Nal crystal, by itself alone, can detect charged and
uncharged cosmic particles coming from all directions, and the differen~
tial energy spectrum thus obtained gives the energy loss distribution for
the total radiation in the crystal. This differential spectrum is not
an energy spectrum in an absolute sense because the energy loss in the

crystal does not necessarily identify the entire energy possessed by the



particle detected. For instance, when a charged particle hits the

crystal, it gives up part of its energy as ionization loss in the plastic
phosphor shield, and it may pass through the Nal crystal after transferring
another part of its energy to the crystal; therefore, the energy recorded
by the apparatus is not the total energy of this particle. However, if
the particle is totally absorbed by the crystal the energy recorded is

the total energy possessed by the particle when it entered the crystal.

(ii) With Anticoincidence Shield

The characteristics of the combined operation of the signal
and the anticoincidence systems can be discussed in three aspects; ﬁamely,
its service as a total absorption spectrometer for the neutral component,
its response to different kinds of neutral particles, and its efficiency
in eliminating the charged component. To begin with, let us survey the
properties of the interactions between the cosmic neutral particles and
the matter which constitutes the detectors.

a. Interaction between Neutral Particles and Matter

Since almost all of the neutral particles near sea level
are photons and neutrons, only these need be considered. Being eleciric-
- ally uncharged, neither photons nor neutrons suffer from any lonization
loss during their passage through matter. Incident upon matter, a photon
will either pass through without any loss in its energy, or interact
through the photoelectric effect, Compton scattering, or pair -
production with a definite probability for each process. Also, if the
mean free path of the primary photon is much less than the thickmess of
the absorber there is a high probability for the total absorption of the
resulting secondary particles such as electron pairs, bremstrahlung, X-
rays etc. The same is generally true for the interaction between neutrons

end matter except that nuclear interaction processes such as (n, gomma},



(n, n), and (n, ionizing particles) take place first. The probability
of interaction (P) between a neutral particle with a ceriain energy and
the absorber as well as its mean free path (m.feps) in the absorber are
estimated through the following standard formulas:
Pal-e Tt
mefepe = 1/T
where T is the linear absorption coefficient of the absorber for a
particular incident particle with & specified energy and t is the distance
traversed by the particle concerned.
The geometric dimensions of the present Nal crystal are shown
in Figure l. Taking its density value as 3.67 gw/c.c. (Harshaw, 1960)
and assuming an averaged traversed distance as about 7 inches (or about
17.8 cm), the probabilities of interaction bétween the crystal and photons
of different energy values as well as the corresponding mean free paths
are calculated in Table 1. (TNaI, photon = mAss absorption coefficient of
NaI for photon x density of Nal, the mass absorption coefficients being

obtained from Siegbashn's book (1955)).

Table 1
Photon Mass Absorption Mean Free Probability of In-
Energy Coeff. of Nal Path teraction in Nal
(Mev) (cm2/gm) - (em)

10 0.0329 8.3 0.884

20 0.0419 6.5 0.936

30 0.0472 5.8 0.955

40 0.0511 53 0.964

50 0.0544 5.0 0.972

60 0.0571 4.8 0.976

80 0.0601 k.5 0.980

100 0.0630 4.3 0.934

As for the interaction between the Nal and neutrons, only a

rough estimation can be made, partly because the available data of neutron



total cross sections for Na and I with energy greater than 10 Mev are
scarce and partly because they include the (n, n) process whose partial
cross section has not been well established. Since the Nal crystal emits
light only when it interacts with ionizing particles, allowance must be
made for the contribution of the (n, n) process vhen we estimate the
probability of interaction between neutrons and the crystal which is at
present assumed to be equal to the probability of detection. From the
neutron cross section deta edited by Hughes and Schwartz (1958), the
neutron total cross sections for Na (Syg) and for I (S1) seem to be
constant fof energy greater than lOMev, and their values are 2 barns and

4 barns respectively. To ascertain the contribution of the (n, n) process,
we take half of the total cross section as due to the elastic neutron
scattering for both cases of Na and I by referring to the data for lg
(neighbouring element to Na) and Sn (neighbouring element to I)e Therefors,
the effective totel cross section of Nal (SyaT, peutron) 15 taken as one
half of the sum of Syg and Sy. With

— o .
Inel, neutron = SNal, neutron ¥ Nial

and _ Avagadro's Number x Density of Nal
8= Molecular Weight of Nal

(N is the number of molecules in 1 c.c. of Nal)

Avagadro's Number = 6.02 x 1020 / gram mole
Molecular Weight of Nal = 149.92 gm
(values are obtained from the standard handbook
for physics and chemistry)

the result is given in Table 2.

Table 2
Neutron Total Cross Sections Meen Free Probability of In-
Energy SNa El Path teraction in Nal
(Mev)  (x 102 cnP) (cm)

E>10 2.0 4.0 22,6 _ 0.545



The properties of the plastic phosphor and the formula of the
mass absorption coefficient of the plastic phosphor for photons (U?h) as
used by Naqvi (1956) are as follows:

Molecular Formula:s (CoHy5)n
( n is the number of CgHjy in one molecule)
Molecular Weight = 118.17 x n gm/ gm-mole
Density (dph) = 1.05 gm/c.c.
Number of Molecules per c.c. (Nph) = 5.35 x 1021 /cece

L. Sloko + 10UzAy
PR7 Toa; 4 104G

where Ug and Uy are the mass absorption coefficients of carbon and of
hydrogen for photons obtained from Siegbahn's book (1955). Using
Tph = Uph X dph

we thus obtain Table 5 for photons interacting with the'plastic shield.

Table 3

Photon Mass Absorption Coeff. Mean Free Probability of Interac-

Energy Ug Uy Path tion in Plastic Phosphor
- - 1" Plate 5% Walls

(Mev) (cm?/gm) (cm) »
10 0.0195 0.0324 44,0 0.0559 0.250
20 0.0156 0.0214 59.1 0.0420 0,193
30 0.0147 0.0174 63.7 0.0%90 0.181
40 0.0143 0.0154 66.1 0.0377 0.175
50 0.0142 0.0141 67.1 0.0572 0.173
60 0.0142 0.0132 67.4 0.0370 0.172
80 0.0143 0.0123 673 0.0370 0.172
100 0.0146 0.0118 66.6 0.0376 0.174

According to Hughes and Schwartz (1958), the neutron total
cross section for carbon between 10 to 100 Mev appears to be about three
times as big as its elastic cross section. However, no information about
the elastic cross section for hydrogen is provided, nor is there any for its
neighbouring elements. Assuming that for hydrogén. half. of the. neutron

total cross section is due to the elastic scattering process and that the
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linear absorption coefficient is obtained by
Toh = Npn (2/3 x 98¢ + 1/2 x 108y)

We arrive at Table 4, applicable for neutrons interacting with the shield.

Table 4
Neutron Total Cross Sections Mean Free Probability of Interac-
Energy Sg Sy Path tion in Plastic Phosphor
- - 1" Plate 5% Yalls
(Mev) (x 1024 cn?) (cm)
10 1.15 0.94 15.9 0.147 0.549
20 1.45 0.48 16.8 0.130 04530
30 1.27 0.31 2044 0,117 0.463
40 1.05 0425 24,8 0.098 "0.401
50 0.88 0.17 30.5 0,080 0.341
60 0.75 0.14 3640 0.068 0.297
80 0.58 0,10 46,9 0.053 0.237
100 0.48 0.07 56 62 0.044 0.202

b. Function as Total Absorption Spectrometer for Neutral

Component

When the Nal crystal is operated with the anticoincidence
shield, almost all charged particles are eliminated without being recorded.
As a charged particle passes through the shield, it suffers from ionization
loss and thus initiates en a.c. pulse which will cancel the signal pulse
produced in the interaction between the charged particle and the crystal.

Now, imagine that a neutral particle is incident on the shield:
it either has an intact passage or interacts with the plastic phosphor. In
the latter case, there are two possibilities. Either the secondary
particles produced in the interaction are totally stopped in the plastic
phosphor, thus eliminating the possibility of its being detected by the
Nel crystal, or some of the secondary particles impinge on the crystal
and hence initiate a pulse in the signal system; however, the secondary
particles which are produced in the interaction between & neutral primary

particle and the shield always contain at least one ionizing particle
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(except the case of (n, gamma ) but this process is negligibly small for

& neutron with energy greater than 10 Mev). This ionizing particle will
generate8n a.c. pulse in the anticoincidence system, thus cancelling the
above mentioned signal pulse. Therefore, the probability for & neutral
particle, interacting with the shield, to be recorded is negligibly small.
In the former case, three possibilities must be considered. First, this
neutral particle is not detected simply because of its missing the crystal
or because of its penetrating through the crystal again without any
interaction. Secondly, it interacts with the crystal but the sscondary
particles of the interaction are picked up by the shield; hence, it will
not be recorded. Thirdly, both the primary neutral and its secondary
particles are entirely stopped in the crystal, and this event is thus
recorded in terms of its true energy and is said to be totally absorbed.
With the anticoincidence shield in operation, the spectrometer records
primerily only the totally absorbed neutral particles.

ce The Response of the Spectrometer to Heutral Particles

To study the response of the present spectrométer to a
neutral particle, we have to examine (&) the probebility of this incident
neutral particle to pass through the shield and to interact with the Nal
crystal, which 1s equal to its interaction probability with .the crystal
multiplied by its survival probability through the shiecld, and (b) the
mean free path of this particle in the Nal crystal which gives somse
indication about the probability of the secondary particles (produced in
the interaction betwsen the primary neutral particle and the crystal) to
be totally absorbed by the crystal. Hence, & good response of the
spectrometer for a neutral particle is implied by a high probability for
that particle to get through the shield and to interact with the crystal;

further, the mean free path of such a particle should be much less than
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the dimensions of the Nal crystal to ensure total absorption.

Using the Tables 1 to 4, ths probabilities for a photon and
for a neutron with a certain energy passing through the plastic phosphor
and interacting with the crystal are calculated and the results are
tabulated in Table 5 together with the ratio of the probability for a

photon to that for & neutron.

Table 5

Energy  Prob. of Penetrating 1" Plate Prob. of Penetrating 5" Walls
and Interacting im  Crystal end Interacting in Crystal

(Mev) Photon Keutron Ratio  Photon Neutron Ratio
10 0.84 0.47 1.8 0.67 0.25 2.7
20 0.90 0.47 1.9 0.76 0.26 3.0
30 0692 0.48 1.9 0.78 0.29 2.7
40 093 0.49 1.9 0.80 0.33 2.4
50 0.94 0.50 1.9 0.80 0.36 2,2
60 0.94 0.51 1.9 0.81 0.39 2.1
80 0.94 0.52 1.8 0.81 0.42 2.0
100 0.95 0.52 1.8 0.81 0.4 1.9

By means of the Tables 1, 2, and 5 we can get some idea of the response of
the spectrometer to photons and to neutrons. In Table 1, the mean free
paths of the photon are much less than the assumed average possible path
length (17.8 cm) in the crystal by a factor of two to four; therefore,

it is quite reasonable to conclude that there is a relatively high
probability of recording photons with an energy greater than 10 Mev. The
situation is grestly different for neutrons. The mean free path for a
neutron with an energy greater than 10 Mev is 22.6 cm which is greater
than 17.8 cm; this implies a relatively high probabiltiy for the second-
aries to be picked up by the shield even if the neutron interacts with
the crystal, and thus a high probability for the failure of the spectro-
meter to record the neutron. Considering the ratios in Table 5 and the

mean free paths, we conclude that the spectrometer has a much better
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response-to the cosmic photon than to the cosmic neutron. Such response
functions could in principle be celculated but the task of doing so would
be an enormous one.

d. Efficiency of Shield in Eliminating Charged Component

A differential spectrum obtained without anticoincidence
and one with anticoincidence as shown-invFigure 4 were utilized to estimate
the efficiency of the anticoincidence system in the charged component
cancellation. (a) Assume constancy in the intensities of cosmic radiation
over the experimental time duration when the two spectra were obtained, and
(b) assume no neutral particles in the cosmic radiation; therefore, the
differential spectruwm obtained without anticoincidence can be regarded as
the spectrum of pure charged component and the differential spectrum
obtained with anticoincidence as the spectrum of those charged particles
which escape the anticoincidence cancellation. Then, we divided the two
spectra into four energy loss ranges, and for each range we worked out the
reduction of the charged couwponent which is equal to the difference in the
number of counts between the two spectra divided by that of the spectrum

without anticoincidence. The results are given in Table 6.

Table 6
Energy Loss Spectrum Without Spectrum  With Reduction
Range Anticoincidence Anticoincidence

(Vev) (cts/240 mins) (cts/240 mins) (%)
11.5- 48.8 775294 24,908 6748
48 08-126 -5 88 ’865 5,828 95 .7
126.3-199.6 28,039 Lok 98.6
199.6-25843 4,290 91 07.9
11.5-258.5 198,260 29,229 85.3

However, the assumption (b) is subject to correction since the cosmic

radiation does contain neutral particles. Hence, the difference in the
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number of counts between the two spectra becomes larger as the spectrum
with anticoincidence is essentially composed of totally absorbed neutral
particle while the number of counts of the spectrum without anticoincidence
becomes less; these two corrections combined together will enlarge the
figures of the reduction listed in the Table 6. In general, the shield
efficiency for eliminating the charged particles of energy loss greater

than 50 Mev is at least 96%.

C. Determination of the Differential Spectrum

In all the experiments, a gamma ray of energy 1.12 Mev emitted
from Zné5 served as & calibration source and the resolution of the spectro-
meter was found to be 16.8% at this low energy.

The experimental determination of a differential energy loss
spectrun for the total cosmic radiation proceeded as follows. Firstly,
to ensure an equal functioning of the three signal photomultipliers
viewing the Nal crystal, their plate voltages were adjusted individually
such that each of them, when operated alone, located the 1.12 Mev gamma
ray at the same channel of the hundred channel kicksorter. For convenience,
this gamma ray peak is called Zn peak. Secondly, together with a suitable
choice in the output gains of the signal mixer and of the signal emplifier,
the plate voltages of the three signal phototubes were further adjusted
to obtain the energy range desired for the differential spectrum being
investigated. On account of the fact that the hundred channel kicksorter
accepted a maximum input pulse of 33 volts, a study in the high energy
range required low plate voltages for the three bhototubes, and low gains
for the mixXer and the amplifier; the reverse would lead to a low energy
range. Through the calibration of the Zn peak po8ition, the energy range

of the cosmic ray spectrum was determined. Assuming that the energy Ex
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required in the cosmic ray spectrum should appear in channel x with the
mixer gain at b and the amplifier gain at a, and that the calibration
spectrum of the Zn peak was to be done with the mixer gain at B and the
amplifier gain at A, the Zn peak position must be located at channel y
from the following formula,

1.12

= X
y T,

ol

B
b
Hence, the plate voltages of the three phototubes were increased or decreasecd
by an equal emount until the Zn peak was observed in channel y. Under the
limitation of the present electronics, events with energy loss as high as

1l Bev could be studied. Thirdly, with the apparatus set for the desired
energy range, & run wes made by fesding the signal pulses into the
kicksorter for & planned period of time, and the spectrum was subsequently
printed out in terms of number of counts against each channel. Fihally,

the Zn peak position was calibrated again fér any instability correction

to the energy values of each chamnel in the spectrum.

For a neutral differential spectrum obtained with anticoin-

cidence, the experimental procedure was exactly the same as mentioned

above with the addition of the line-up of the eleven &.c. photomultipliers
observing the shield and a stability check on the anticoincidence system.

The plate voltages of the eleven phototubes were adjusted one by one with
the Zn source nearby until each of the tubes gave approximately the same
number of a&.c. counts per unit time at the output of the gate pulse
generator. As for the stability check, the a.c. pulses from the gate pulse

generator were kept at a constant counting rate by adjusting the input
bias voltage level so as to comgensate for any slight shift of the

electronics.



CHAPTER III

EXPERIMENTAL RESULTS

In this chapter results of experiments on the cosmic radiation
energy loss spectra, on the nature of the neutral component and on the
day-night effects on the cosmic radiation, together with the corresponding
discussions and conclusions are presented.

In the present studies, corrections to the experimental data
are essentially of two kinds; nemely, the errors due to the drifts of the
electronics and the meteorological effects on the intensity of cosmic
radiation. To take care of these two factors and to obtain reasonable
statistical accurracy, the time duration set for & run was compromised.

The position of the Zn peak, which indicates any drift, was checked before
and after a run, and the average was taken in the calculation of the

energy renge for the energy Spectrum. Data for a run with a change in
the Zn peak position greater then 4% was discarded. Temperature effects
were neglected as it was reported by Bukata (1960) that the observed cosmic
radiation intensity does not vary appreciably with temperature change.
Corrections for atmospheric pressure veriations were based on weather
reports provided by the Department of Trensport, Winnipeg, Canada and the
barometric coefficients for the neutral component and for the total
radiation which were determined by Bukata (1960) as (0.579 + 0.160)% per mb
and (0.239 4 0.028)% per mb respectively.

To avoid the non-periodic solar activities which can have
a drastic influence on the cosmic ray intensity, date utilized were checked

with the Solar Geophysical data compiled monthly by U. 5. Department of

16
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Commerce ete., Boulder, Colorado, U. 3. A. Data obtained during the
occurrence of solar flares of importance 3 or greater were not used,
Solar flares of importance less than 5 were neglected as they have not

been reported as a significant cause of intensity changes.

A. Bnergy Spectra

By virtue of the characteristics of the present experimental
arrangement, energy loss spsctra can be dstermined only for the total
cosmic radiation and for the neutral component. Unfortunately, the hundred
channel kicksorter could not record the total radiation and its neutral
componént simultaneously, otherwise the charged component spectrum could
be deduced directly from their difference. This section is devoted to the
gualitative study of the energy spectra obtained by the present apparatus,
and the purpose is threefolds to examine the general features of the
differential spectra by meens of a typical set of data, to make an estimate
of the ratio of the neutral to the total radiation, and to compare the
differential spectra obitained in two different years.

(i) Differential Energy Spectra

Figure 3 shows a typical sample of the differential energy loss
spectra with energy up to 1075 Mev for the total radiation and the neutral
components taken during 1960. The spectrum of the total radiation shows
that the intensity decreases quite rapidly with increasing energy with a
broad peak at about 90 Mev. |

This peak in the total radistion spectrum is due to charged
and neutral particles. It can be suppressed by the anticoincidence shield
operated either without the six phototubes viewing the top plate or without
the five viewing the bottom as shown by the curves of triangles and of

crosses in Figure 3. This immediately suggests thet most particles
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producing the peak have an energy greater than the energy loss (because they
interact with the bottom of the shield after passing through the crystal)
and that they are charged parﬁicles. The possibility of their being protons
is = eliminated by Rossi's analysis (1948) that at sea level the proton
content in the hard component is about 0.4% and the ratio of hard to soft
components is about 2.5. Furthermore, no peak has been reported in the
differential energy spectrum of the electron component for an energy greater
than 40 Mev. On the other hand, Blackett (1937), Jones (1939), Hughes
(1940) and Wilson (1946) and meny others have shown that the hard component
at sea level consists almost entirely of relativistic mu-mesons with a
peak at about 750 Mev on their differential energy spectrume. Therefore, we
confidently conclude that the peak in the present differential spectrum
for the total radiation is mainly due to the contribution of the relativis-~
tic mu~-mesons which lose about 90 Mev on their passage through the Nal
crystal. For convenience, this peak is called the mu-peak subsequently.
Over the energy range from 750 to 1000 Mev, there appeared to
be one or two small peaks in isolated runs; however, when & run of fifty six
hours was made to check their definite existence, they were irreproducible
and are therefore ascribed to the effects of statistical fluctuations.

Similarly, the differential spectral curves of the neutral

component have a common shapes the intensity falls very rapidly with increasing

energy and reduces practically to zero beyond 420 Mev. The failure of the
spectrometer to record the neutral particles of energy greater than about
430 Hev is due to the fact that the present Nal crystal is not large enough
to contain all the shower particles gencrated in the crystal by such
particles (see Kentz and Hofstadter(1953, 1954)), and any energy leakage
initiates the anticoinecidence shield which produces cancellation.

Log-log plots were tried for the spectra of the total radiation
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and of the neutral component but they showed nothing significant.

(ii) Relative Intensities of the Neutrsl to the Total Radiation

By removal of the anticoincidénce pulses from some or all of
the eleven photomultipliers viewing the plastic shield, four spectra as
illustrated in Figure 4 were obtained in four consecutive runs for the
purpose of estimating the ratio of the detected neutral component to the
detected total radistion, and the ratio of the totally absorbed neutral
to the totally absorbed total radiation.

2. Ratio of Detected Neutral to Detected Total Radiation

The spectrum of the detected total radiation was dete?mined
without anticoincidence. To obtain the spectrum of the detected neutral
component, the five phototubes observing the bottom of the shield were
disconnected from the a.c. mixer; hence, nearly all charged particles are
eliminated exXcept an unknown but small portion from the sides and the bottom
of the shield whose interaction with the phosphor is not detected by the
six phototubes around the top plate. As a result, the recorded number of
counts sets zn upper limit to the detected neutral particles.

For each of these two spectra, the number of counts was summed
up from chennel number 4 to 90. On account of the relatively small number
of coimts beyond channel number 90 (less than 1%), the integrated number
can be regarded as the number of particles with an energy loss greater than

11.5 Mev. The result is presented in Table 7.

Table 7
Detected Total Radiation Detected Neutral Particles Ratio
(cts/240 mins) (cts/240 mins) (%)

198,260 35,3357 17.8
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b. Ratio of Totally Absorbed Neutral to Totally Absorbed
Cosmic Radiation

With the six photomultipliers around the top plate removed
from the anticoincidence system, the spectrum represents the totally
absorbed charged and neutral particles. Since there is an unknown awmount
of charged particles from the sides of the shield which are totally
absorbed but eliminated by the five phototubes at the bottom of the shield,
the recorded number of counts can be taken as a lower limit for the totally
absorbed radiation. The totally absorbed neutral spectrum was obtained
with all the eleven phototubes viewing the shield. Table 8 gives the

ratios for wvarious energy ranges.

Table &
Energy Range Totally Absorbed Totally Absorbed Ratio
Cosmic Particles Neutral Particles
(Mev) (cts/ 240 mins) (cts/ 240 mins) (%)
11.5- 48.8 31,465 24,906 81 .4
126.3-199.6 1,185 Lok 34.2
199.6-258,.3 276 9l 3340
1165-258.3 59,972 29,229 75.1

From Tables 7 and 8, some remarks on the nature of cosmic radiation near
sea level observed with the present apparatus can be made:

(1) Over 82% of the cosmic radiation with energy loss greater
than 11.5 Mev in the Nal crystal are charged and they pass through the top
of the shield. (see Table 7)

(2) The difference between the number of the detected neutral
and that of the totally absorbed neutral will include those charged which
are not eliminated bj the six phototubes around the top of the shield and
those neutrals which are not totally absorbed by the crystal. If we

assume zero contribution of the latter, then about 3% (as an upper limit)
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of the total radiation are charged particles with an energy loss greater
than 11.5 Mev which are not eliminated by the six phototubes around the
top plate of the shield. (deduced from Tables 7 and 8)

(3) For the energy loss range between 11.5 and 258.3 Mev, 93.4%
of the detected charged component pass through the crystal while 82.9%
of' the detected neutral are totally absorbed by the crystal. (deduced
from Tables 7 and 8)

(4) So far as totally absorbed particles are concerned neutral
particles are dominant in the low energy range from 11.5 to 126.3 Mev, and
in general as the energy increases the content of the neutral decreases
more rapidly as compared with the charged component. In high energy
ranges charged particles become the majority. (see Table 8)

(iii) Comparison of Energy Spectra Observed in 1960 and 1961

In Figure 5, two typical differential spectra of the total
radiation (one taken in 1960 and the other in 1961) were compared. The
mu~-peak in 1961 appeared sharper than that in 1960, and the position of
the former was located at 92.1 + 0.5 Mev while the latter at 91.8 + 0.5 Mev.
The change in counting rates for the cosmic ray particles with energy loss
greater than 11.5 Mev (neglecting the small number of particles beyond
energy 285.3 Mev which is less than 1%) is given in Table 9, using the

value of 1960 as 100%.

Table 9
Counting Rate (cts/240 mins) Ratio (%)
1960 1961
198,260 230,785 116.4

For the two neutral differential spectra of 1960 and 1961 as

plotted in Figure 5, the variation in counting rates over corresponding
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energy renges is tabulated in Table 10.

Table 10
Energy Range Counting Rate (cts/240 mins) Ratio
(Mev) 1960 1961 (%)
1105"‘ 4808 24,906 25’926 101""1
48 .8-126.3 5,828 3,571 88.1
126.3=199.6 4ok 286 70.1
199.6-258.3 91 48 5340
11.5-258,3 29,229 29,631 101.4

Results of the comparison are stated as follows:

(1) The mu-peak position can be regarded as consteant.

(2) For all cosmic radiation with energy loss greater than 11.5 Mev,
the total radiation increases by 16.4% while the neutral increases by 1.4%.
This indicates that the charged component has a much bigger change than the
neutral.

(3) Within the energy renge 11.5-258.3 Mev, the number of low energy
neutrals increases while neutrals with energy greater than 48.8 Mev decrease
sharply in number with energy. The small change in number for the uhole
range may indicate some fluctuation in the energy distribution among a
practically constant number of neutral particles, or some sort of mechanism
regulating the energy distribution. The real existence of this phenomenon

requires further confirmation from more exXperiments.

B. DNature of the Neutral Component as Detected by the Spectrometer

For the purpose of experimentally investigating the nature of
the neutral cosmic particles detected by the present appartus, a lead
absorption experiment was done to determine the absorption curve of the
neutral component.

Experimentally, a frame of steel angle~bars was built to hold
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a large weight of lead. The mass and the thickness of the steel bars were

kept to a minimum, so that the effect of the interaction between the cosmic

radiation and the steel is negligibly small. Twenty pieces of lead sheet,
each of dimensions of 2'x 2%x 1/16", and twenty five lead blocks each

4% 4% 2" yere used as absorbers in different thickness combinations.
They were placed above and close to the top of the anticoincidence shield,
thus reducing the transition effect in the air between the lead and the
detector. Experimental data were collected in terms of differential
spectra of the neutral component, and so there was nothing new in the
experimental procedure. Four energy ranges were selected to cover the
whole spectrume. At lower energies, the energy ranges were made narrow
because counting rates here are relatively high and comparison with the
theoretical absorption coefficients (which vary more rapidly at low
energies) is therefore easier. The experimentzl results are tabulated in

Table 11 and plotted in Figure 6.

Table 11
Lead Thickness Counting Rate (cts/840 mins)
(102 in.) 10-12 Mev 20-24 Mev  40-60 Mev  100=270 Mev

0.0 27,940 16,226 11,506 2,36%
70.8 25,848 15,196 10,512 2,263
217.3 22,249 12,364 8,297 1,748
6249 15,511 6,857 4,232 993
1095.0 10,274 4,868 3,087 835
1370.9 8,745 4,152 2,795 - 762
2419.9 65741 59335 2,526 719
2898,1 6,158 3,266 2,525 749
35709 5,929 3,129 2,326 752

On a semi-log plot with counting rate as the ordinate and lsad thickness
as the abscissa, the four absorption curves appeared to have coummon

qualitative features: the intensity decreases with increasing thickness
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and tends to reach a constant value at large absorber thicknesses.

The analysis of each of these experimental curves was as
follows end is illustrated in Figure 7 for the one of 10~12 Mev. First,
the constant value of the intensity at large thicknesses was drawn as
& horizontal line designated as the background intensity. The relative
background is defined as the ratio of the background intensity to the
intensity of the neutral component at zero lead thickness. Then, on semi-
log paper a curve was constructed by subtracting the background intensity
from the original experimental curve. This curve appears to be approxim-
ately a straight line (for all four sets of data). This implies that the
neutral component detected is essentially composed of a single kind of
particle. However, the presence of a small amount of other kind of
particles can not be excluded. Since the incident neutrals have a
directional distribution and hence the traversed path length of individual
particle in the absorber depends on its incident zenith angle, the.
determined slope of the straight line (called observed linsar absorption
coefficient) is in fact & product of the linear absorption coefficient
of the incident particles for lead and the coefficient of the statistical
weighted average path (shortened as effective path coefficient) of these
particles in the absorber. As the experiments were done near the sea
level, there are two significant hypotheses on the kind of cosmic particle
accounting for this straight line; namely, either photons or neutrons.

The effective path coefficients for photons and for neutrons were evaluated
individually by comparing the observed linear absorption coefficient with
their‘absorption coefficients for lead (these values were adopted from
Siegbahn's book (1955) for photons and from Hughes and Schwertz (1958) for
neutrons). The corresponding zenith angle of the average incident

direction was thus deduced by taking the anti-cosine of the reciprocal
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. of the effective path coefficient. Table 12 gives the results of the

analysis.

Table 12

Energy Range (Mev)
10-12 = 2024 » 40-60 100=270

Background (cts/840 mins)
Relative Background (%)
Observed Abs. Coeff. (cm~t)
Photon Hypothesis
Abs. Coeff. (cm™%)
Eff. Path Coeff.
Zenith Angle  (degree)
Weutron Hypothesis '
Abs. Coeff. (em~l)
Eff. Path Coeff.
Zenith Angle (degree)

5,900 3,200 2,400 730
21.1 19.7 20.9 3069
0.587 0.748 0.986 1.191

Be ©o  es

0,580 0.725 0.925 1.148
1.013 1,032 1.065 1.045
9.1 14.3 20.1 16.8

e te oo

0.161 0.189  0.145 0.148
3,65 3.96 6479 8.05
74,1 754 81.5 82.9

oo ee es

From the above results, it can be seen that photons give consistent values for
the effective path coefficients of the four energy ranges and more reasonable
zenith angles. Therefore, the four straight lines are concluded to be the
absorption curves of photons primarily.

To asscess the amount of neutrons possibly detected in the
neutral component for a certain energy range, 2% of the counting rate
without background at zero lead thickness was assumed as a neutron contrib-
ution. A theoretical absorption curve for this 2% neutron component was
deduced by using the linear absorption coefficient for neutrons and a path
cosfficient equal to that of the photon pertinent to the desired energy
range. The other 98% was then assigned to be the photon intensity, and
its theoretical absorption curve was also obtained in like manner. These
two theoretical absorption curves and the background horizontal line were
combined to form & new curve which was . utilized for comparison with the
original experimental curve. Such combined curves were also made for

assumptions of 5% and 10% neutrons. In general, for all four energy ranges
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the curves of 5% and 10% neutrons agree badly with the experimental curve
while the zero % neutron curve gives the best fit and the 2% neuvtron curve
is the second best except in one case. For the 100-270 Mev range the 2%
neutron curve gives a better fit with the experimental curve than the

zero % ones

The background intensity is that of the neutral particles
coming in from the sideward directions which are not blocked by the lead
lying on the top of the shield; as a consequence, it is not affected by a
change of the lead thickness. The relative background discloses the
portion of the neutrals passing through the shield walls, which amounts to
about one-fifth of the total neutral component for the three low energy
ranges. For the 100-270 Mev range it has a higher velue than the others
by one-thirde.

As far as the neutron content in the neutral component is
concerned, the result of the foregoing analysis is by no means conclusive.
Experimentally, it is difficult to determine accurately the background
intensity which is the key to the whole analysis. An overestimate of
this background will mask the existence of the neutron component because
neutrons have much lower value for their lead absorption coefficient as
compared with thet of photons and their intensity is low as compared with
the background. The situation could be greatly improved by doing a much
more elaborate absorption experiment using a much thicker absorbers.
Ideally, one would like to have the shield completely surrounded with lead
absorber but this poses practical difficulties.

In conclusion, while these lead absorption experiments do not
conclusively establish the exact nature of the detected neutrals, the
analysis presented does show that the assumption of greater than or equal to

98% photon and less than or equal to 2% neutron is quite consistent with the
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experimental observation; furthermore it is roughly what one might
expect from the work of others on the general nature of the cosmic

radistion at sea level.

C. Day-llight Variation of Cosmic Radiation

As the sun has been regarded for a long time as a possible
source of some of the cosmic radiation, & study on the day-night variations
of cosmic radiation during periods of no intensive solar activity may help
to reveal to what extent the normal sun is such a source. Though the
radiation observed near sea level is secondary in nature, its variation
has a direct bearing on the primary radistion at the top of the atmosphere.

Experiments were conducted to investigate the day-night
difference in the intensities of the mu-peak region in the total radiation
differential spectrum and of the neutral component. Differential spectra
were taken twice a day; six hours before the local noon time and six hours
after constituted the time duration for the day run while the other twelve
hours constituted the night run. The experimental procedure in obtaining
the differential spectra waes exactly the same as described in Chapter II.
The analysis on each set of data was performed by summing up the number of
counts over the energy range of interest and by calculating the difference
between the counts of the day run and that of the night run. While the day-
night difference serves as evidence for a day-night effect, the relative
day-night difference, which is defined as the day-night difference divided
by the number of counts of the day run, indicates the importance of any
solar contribution.

(i) The Mu-Peak Region

The mu~peak region is defined as the energy loss range from

48.8 to 126.3 Mev in the total radiation differential spectrum. Eighteen
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sets of data are given in Table 13 accompanied with the corresponding

analysis.
Table 15
The Mu-Peak Region : 48.8-126.3 Mev
Date Experimental Data Analysis Results
Night Day Day-Night Diff. Rel. Day-ilight Diff.

1960 (cts/700 mins) (cts/700 mins) (%)
Aug. 12-13 510,1084557  313,0544560 +2,94641,117 +0.9440.36
Aug. 18-19 299,718+547  307,8904555 48,17241,102 +2.6540+36
Aug. 19-20 303,0924550  304,1424551 +1,05041,101 40.3540.37
Aug. 20-21 306,1824554  296,6464546 ~9,536+1,100 =3+2140.37
Aug. 21-22 297,1854545  293,7824541 ~3,40341,086 ~1.1630.57
Aug. 22-23 300,9214549  303,7634550 +2,84241,099 +0.9440.36
Aug. 23-24 305,9654554  305,9294554 -36%1,108 -0.0140.36
Aug. 24-25 306,4984555  298,6144546 -7,88441,101 -2.6440.37
Aug. 25-26 308,8914556  311,372+558 +2,48141,114 40.8040.36
Aug. 26-27 . 310,6144557  305,4844553 -5513041,110 ~1.6840436
Aug. 28-29 304,2464551  299,170+547 -5,07641,098 ~1.7040.57
Aug. 29=30 294,7214543  303,9254550 +9,20441,093 +3.0340.36
Avg. 50-31 504,4654551  299,7004547 =4, 76541,008 ~1.5940.57
Aug.31-8ep.l  302,0864550 287,2874536 -14,799+1,086 -5.1540.38
Sepe &4 = 5 305,0634555  304,3964552 -66741,105 ~0+2240.36
Sep. 13-14 312,3434559  313,1794560 +85641,119 +0.2740.36
Sep. 17-18 315,1964561  312,3474559 -2,84941,120 -0.9140.36
Seps 29-30 319,0784565  320,6804566 +1,602%1,151 +0.5040.35
Aug. 12~ 5,506,370 5,481,360 -25,010 ~0.46

Sep. 50 39,957 39,931 419,889 10.37

-In total, the day-night difference is negative and its absolute value is

comparable with its standard error.

Coupled with a very small relative

day-night difference, it can be concluded that a day-night effect is very

small if it exists at all.

The meaximm possible value for the relative

day-night difference from this experiment is less than or equal to 0.82%.

(ii) Neutral Component

To study the day-night effect on the totally absorbed neutral

particles, the whole differential energy spectrum was arbitrarily divived

into four energy ranges.

Ten sets of data were collected for enalysis
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and the results are shown in Tables 14 to 17.

Table 14

Neutral Component: 11.5-48.8 Mev

Aug. 1

Date Experimental Data Analysis Results
Night Day Dey-Night Diff. Rel. Day-Night Diff.

1960 (cts/700 mins) (ets/700 mins) (%)
Jule. 18-19 68,4834262 69,2754264 +7904526 +1.1440.76
Jul. 20-21 70,9874266  70,6634266 ~-3244532 -0.4640.76
Jul. 21-22 70,9874266 70,678+266 ~3094532 ~0.4440.76
Jul. 22-23 69,813+264 68,2023261 -1,61134525 -2.3640.77
Jul. 23-24 89,332426L  71,375%267 +2,0434551 +2.8640. 74
Jul. 25-26 70,4014266  70,0924265 ~3094531 ~0+4440.76
Jul. 27-28 69, 7344264  68,0664261 -1,6684525 -2.4540.77
Jul. 29-30 73,1484270 70,9264266 -2,222§536 -3.1340.75
-Jul. 30-31 72,2224269 73,1794270 9574539 +1.3140. 74
Jul.31l=-fug.l 71,0734267 72,2834269 +1,2104536 +1.6740.74
Jul. 18- 706,180 704,737 -1,443 ~0420

Aug. 1 +2,658 2,655 45,313 +0.74

Table 15
Neutral Component: 48.8~126.3 Mev
Date Experimental Data dnalysis Results
Night Day Day-Night Diff. Rel. Day-Night Diff.

1960 (cts/700 mins) (cts/700 mins) (%)
Jul. 20-21 9,190496 8, 778494 - =412§190 -4.6042.16
Jul. 21-22 9,025495 9,101495 +76+190 +0.8432.10
Jul. 22-23 8, TOUE4 8,706493 ~88%187 -1.0142.15
Jule. 23-24 8,855+94 9,689498 +8544192 +3.8141.98
Jul. 25-26 9279496 8,969495 -3104191 -3.4642.13
Jul. 27-28 8,682493 8,962495 42804188 +3.1242.09
Juls 29-30 10,0644100 9,223496 -8414196 -9.1242.12
Jul. 30-31 9,833499 9,588493 -2454197 -2,.5642.06
Jul.31=-Aug.1 95351497 9,405497 +544194 +0.5742.05
Jul. 18- 91,749+957 90,9294953 -820+1,910 -0.9042.10
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Neutral Component: 126.3-199.6 Mev

Date Experimental Data Analysis Results
Night Day Day-Night Diff. Rel. Day-Night Diff.
1960 (cts/700 mins) (cts/700 mins) (%)
Jul. 18-19 623425 683426 +60451 18784746
Jul. 20-21 749427 659426 ~90+53 -13.66%8,05
Jul. 21-22 7%8%27 669426 -69453 ~10.3147.92
Jul. 22-23 676%26 677%26 +1452 +0.1547.80
Jul. 23=24 687&26 819429 +132455 +16. 1246 72
Jul. 2526 702426 751427 49453 +6.5247.05
Jul. 27-28 686426 778428 92454 +11. 8540.94
Jul. 29-30 840429 742427 ~98456 ~13.2137.54
Jul. 30-31 780428 777423 ~3456 ~~043947.23
Jul.3l-Aug.l 738427 783423 5455 +5.7547.03
Jul.18-Aug.l  7,2194267 7,35374271 +119453 +1.6147.34
Table 17

Neutral Component: 199.6~258.3 Mev

Date Bxperimental Data Analysis Results

Hight Day Day-Wight Diff. Rel. Day-Night Diff.
1960 (ets/700 mins) (cts/700 mins) (%)
Jul. 18-19 124411 109410 -15421 -13.76¢19. 26
Jul. 20-21 107410 8649 ~-21419 -2k 42322,
Jul. 21-22 155412 139412 -16424 -11.51%17. 27
Jul, 22-23 122411 12411 +2422 +1.61417.71
Jul. 23-24 116411 130311 14422 +10.77416.92
Jul. 2526 117411 146312 +29423 +19.86+415.75
Jul. 27-28 125411 145512 422423 +15.17415.85
Jul. 29-30 131311 98410 ~33421 ~33.67821.41
Jul. 30-31 147412 115410 -32422 -27.8%419.15
Jul.3l-hug.l 158412 110410 -28422 -25.45420,00
Jul.18-dug.l  1,2804112 1,2024107 -784219 -6.49418.22

For each of the four energy ranges, the results lead to & conclusion similar

to that for the mu-peak region of the total cosmic radiation. Three ranges
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show a negative day-night difference while one is positive but with a
probable error three times as big as itself. As & metter of fact, the
standard errors of the day-night difference for all four ranges are
greater than differenées themselves.

When 11.5-258.5 Mev is taken as a wholé range as shown in
Table 18, the day-night difference is negative; and the relative difference
is again very small (about 0.3%). The maximum possible value for the

relative difference is less than 1%.

Table 18

Neutral Components 11.5-258.3 Mev

Date Experimental Data Analysis Results
Night Day Day-Night Diff, Rel. Day=Night Diff.

1960 (ets/700 mins) (cts/700 mins) (%)
Jul. 18-19 7759264279  78,5734280 +6474559 40.8240.86
Jul. 20-21 81,0334285  80,1864283 -8474568 -1.0640.71
Jul. 21-22 80,9054284  80,5874284 -3184568 -0.3940.70
Jul. 22-23 79,4054282  77,7084278 -1,6974560 ~2,1840.72
Jul. 23-24 78,9704281  82,013+236 +3,0434567 +3.7140.70
Jul. 25-26 80,4994284  79,9584282 5414566 ~0.6840.71
Jul. 27-28 79,2254282  77,9514279 - -1,2744561 -1:6340.72
Jul. 29-30 84,185+290  80,9394284 -3, 1944574 =3.9440.71
Jule 30-31 82,9824288  83,6594289 +677¥577 +0.8140.69
Jule3l-Aug.l  81,3004285  82,5814287 +1,2814572 +1.5540.70
Jul. 18- 806,428 . 804,205 -2,223 ~0.28

Aug. 1 42,840 42,832 15,672 $0.72

In conclusion, the experimental resulis for the mu-peak region

of the total spectrum (mostly mu-mesons) and the neutral component do not

give definite evidence of a day-night sffect.

However, the occasignal occurrence of a large day-night
difference is of interest, for example Aug. 31-Sep. 1 when the relative
day-night difference was (~5.1540.38)%. This kind of occurrence mey be

due to an unseen solar flare on the hidden side of the sun as suggested by
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Carmichael and Steljes (1961), and Covington and Harvey (1961).

Further work along these lines is thought to be desirable,
particulerly if data could be collected simultaneously for both the total
and the neutral spectra. This will be feasible when a 400 channel pulsse

height analyser, now on order, is received.

D. 4 Sudden Increase in the Photon Component of Cosmic Radiation

During the course of these studies, on May 4, 1960 it was
observed that the intensity of both the charged and neutral components
increased suddenly at 10345 4+ 15 minutes G.M.T. These increases are
definitely related to the occurrence of a solar flare which started at
10320 and ended at 10325 G.i.T. of the same day (see Rose (1960)).

The experimental arrangement was essentially the same as that
stated in Chapter II except that instead of the hundred channel kicksorter,
two integral pulse height esnalysers were used with settings at 12 and 35 Mev
to record simultaneously the neutral component and the total radiation.
Counts were registered by four glow transfer scalers which were photographed
every 15 minutes.

Preliminary study of this extraordinary event has been made on
the neutral component (designated &s P) and the charged component (design-
ated as C) for various energy ranges as shown in Figure 8. The counting
rate is plotted as a percentage of the mean counting rate over the period
from 05:00 to 15:00 hours and in each case the horizontal dashed lines
represent the limits of the probable counting error. As the pressure
remained fairly constant over this period, no corrections have been mede
for pressure variations. These results may be summerized as follows:

(1) The increase in counting rate for the C component (essentially

mu-mesons) is 10-15% above the mean in agreement with data obtained using
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meson telescopes (Rose, 1960).
(2) The increase for the P component (essentially gamﬁa—rays)
with events above 35 Mev (about 50-60%) is considérably greater than the
increase for those from 12-35 Mev (about 10-15%).
An interpretation of this result cannot be given at the present
time, and the above observations have already been reported by Standil,

Bukate and Chin (1960).

E. Conclusiens
In spite of the insufficient knowledge about its response

function, the present spectrometer can be used with reasoneable counting
rates and therefore tolerable stetistics to study the time variastion of
the photon component up to & few hundred Mev. This has not been investig-
ated by the other workers. With the arrival of the recently ordered 400
channel pulse height analyser, more refined experiments can be done on both
day-night effects and solar flare effects. With this analyser all the
information that the present spectrometer can provide (for both the charged
and the neutral components) can be simultaneously recorded and tabulated.
This recording and tabuleting will be done on a continuous basis with the
data punched out at pre-determined and equal time intervals of the order

15 minutes. Any time variations in either one or both components and

Hh

o

in eny energy renge will thus be studied with a reasonable time resclution.
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