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STATEMENT

The work presented in the thesis was carried
out by the author at the Physical Research Laboratory,
Ahmedabad, under the quidance of Prof.P.D:Bhavsar and Prof,
N. W.Nerurkar and is a part of an extensive research program

of the laboratory for the study of ionising radiations,

terrestrial and extra-terrestrial, at balloon altitudes
In 1963, it was decided to establish facilitiecs

1.

for conducting experiments W}th high altitude- balloons
utilising modern techniques where data could he directly
telemetered in real time mode thereby enabling the retrieval
of information without the neces sity of payload recovery.

A program was chalked out to study in stages the photonic
component in the atmosphere up to highest possible altitudes
in the 20 Kev to 1 Mev enerqgy range utilizing this facility.
The field of X-ray astronomy was just in its infancy at

this time..

udent to be associated

o+

As the first graduate s
with this balloon program, the author played an active role
in the setting up of ground systems for the reception and
retrieval of the real-time telemetered data, as well as, in
the fabrication and testing of telemetry transmitters and

subcarrier oscillators, in addition to the design of

various transistorized circuiltry suitable for balloon-borne



(ii)
experiments. These indigenous M/FM systems were for the
first time success?ully tested out in India by the author
in two low altitude balloon flights from aAhmedabad in 1964
and 1965,

With the experience gained from these exploratory
flights, the author undertook the problem of the study of
photons in the energy interval 20 Kev to 1 Mev at balloon
altitudes near the geomagnetic equator., He conducted thié
investigation with two types of experimental set up

(1) & X-ray telescope with half opening angle

of 20° for the study of cosmic photons in
the 20 to 200 Kev energy interval,
and

(2)  an omnidirectional shielded detector for

the study of atmospheric photons in the
135 Kev to L.l Mev energy range.

The details of the detector configurations and
thé various associated electronic logic systems used in
these payloads were independently workéd out by him,

These studies were carried out by balloon
flights from Hyderabad (Geographic latitude 17.3™N, longi-
tude 78.5°E), the national balloon launching facility of
India, which is situated hear geomagnetic equator(Magnetic

latitude Aﬂ1=7,60N, vertical cutoff rigidity = 16.9 Bv),



(iid)

The present study provides valuable Tesults on
the cosmic X-ray background in the energy range 20-1230 Kev
from the region of the sky between declinations 37%na ~3°
and right ascension QOh 0™ to Oh ao™, Such accurate
measurements for this region of the sky were not available
when the present investigation was undertaken,

The author has made a detailed analysis of the
secondary background properties of the X-ray astronomical
telescopes utilising NaI(TLl) detector, at balloon al+titudes,
As far as he is aware, 2 detailed and systematic study of
this nature has not been attempted previously by anybody,
The present investigatioﬁ has given valuable insight into
the nature of the secondary background encountered by
X-ray telescopes flown from different latitudes. This
information is of importance for +the design of sophisticated
balloon-borne astronomical telescopes with optimum
characteristics,

The investigation of low energy atmospheric photons
Made here is the first of its kind from a low latitude
station., The present results pertaining to gamma rays in
the 135 Kev to 1.1 Mev range have for the first time yielded
information regarding the intensity and spectral details of
these radiations at different altitudes over this station.

The presence of annihilation line at 0.51 Mev in detectable
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intensities 1s evident in the present investigation and its
intensity as a function of atmospheric depth is established
for Hyderabad. A critical analysis of the latitude effects
for this low enerqgy componént 1s made by comparing the
results of the present measurement with those available from
high and mid-latitudes, The results on the ion chamber and
GM counter rates obtained by the author by flying the con-
tinuous monitoring units of the University of Minnesota

from Hyderabad, are also used for some of these comparative
studies,

In Chapter I, the author has reviewed the existing
knowledge of his field of study. The experimental techniques
used are described in Chapter II. In Chapter IIT, the result-
obtained by flying the Xeray and gamma ray payloads are
detailed. Chapter IV and V contain the discussions of these
results in the light of the current understanding of these

aspects of study. The thesis concludes with a Chapter sum-

marising the salient results of the present investigations.

The author has included at the end of the thesis a
list of references to original papers published in different
parts of the world. -The thesis mentions the specific
information derived from each of them.

/ ; /
(PRAFUL T, BHAVSAR) (K. KASTURIRANGAN)
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about the physical
us from great distances in the f@rm of metter such as
cosmic rays and meteorites, and in
agrietic radiation, The charged ¢

is highly iscotropic, being deflected

wealk but extensive and tenuous magnetic

)

by the moving magnetiscd clouds of
the intersteller and intergelactic media, This process of
isotropization r akc“ the charged particles to completely

forget their original directions, limiting thelr useful-

ness in identification and studying the propertics of

their source regions. Nevertheless,

cosmic rays for the last two decades have aiven us

considerable insight into the problems of acceleration of

;._;
5l

these partic their propogation, distribution, 1ife

time etc., in the galactic and metagalactic regions.These

pru}J ms have heen

Syrovatsky <l964>i°

The neutral component will be subject to

the process of isotropization through magnetic fields but

n

ey
)
.

s 4. ~ ] - RN 2 - " - e - h - - .
Particles such as nocutrons and necutral mesons have go

short 1ife times that they cannot traverse appreciable

astronomical distances, Neutrino

decay but is
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very difficult to detect because of its very small inter-
action cross section, which is of “the order of 10”44cm2,

The electroﬁagnetié radiation, on the otherhand,
has advantages for its use as a probe to study the |
properties of the universga It travels in a straight line
from the point of emissiqn to the point of observatioﬁ;
being limited ohiy by thefabsorption effecf of the inter-
vening medium in certain wavelengths, In addition, high
efficiency detectors for various frequencies of tﬁe
~radiation can be easily made,

This radiation covers a wide spectrum of frequencies
ranging from radio waves to the highest frequencies in
the gamma ray region. In table l.1l, a rough division of
the entire spectrum into 2 number of sub-~divisions,; based
on the way the investigations have heen carried out,is
given,

Itsis not possible to observe the major portion of
this spéctrum with ground-based instruments due to the
absorption effects of the terrestrial atmosphere, Physical
mechanisms responsible for the atmospheric attenuation
have been.discussed by Morrison (1966}2, Fig.1l.l, prepared
by Rossi (1966)3, shows the attenuatli on characteristics of
the atmosphere for the electromagnetic radiatioh at
different wavelengths, The curves represent the atmos-.

pheric levels where the intensities of the radiation
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5
at different energies are reduced by 1/2, 1/10 and 1/100
of their initial values. From this figire, it is clear
that we have onlv a few windows in the electromagnetic
spectrum through which ohservaticns can be carried out

L

with ground-besed apparatus, These windows are the radio

frequency region from 10 m to about 1 cm, the optical

from 7000 & to about 000 & and some discrete windows in
the infrared, Because of this opacity of the atmosphere
to the major portion of the electromagnetic spectrum,

with the exception of optical and radio wavelengths, the
remaining regions remained unexplored until very recently.
With the advent of belloons, rockets =nd satellites, the
electromagnetic radiation at all the frequencies arriving
at the top of the atmecsphere has become accessible to
Cbservation and has given birth to new astronomical

sciences like infrared astronomy, ultraviolet astronomy,

X-ray and gamma ray astrenomy,

1.1 X=RAY ASTRONOMY ,

X~ray astronomy had a rather unexpected
beginning with the discovery by Giacconi et al in l9624
of a localised source of X-ravys in the general direction

f . . . O .
0t the galactic centre, but displaced by 207 with respect
to moon which was the prime target of observation in

their experiment, Subsecquent work by the some group, as
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- =} et ) i~y o Cy 4 5 ~ AT e e Yoy R
well as by Friedman et al (1964)~, confirmed the earlier
observations, The surprising part of this discovery was
not the evidence for the existence of the source itself,
but its unexpectedly intense X-ray emission, which in the
" Q . R 36 =L B g
2-10 A reglon amounted to 6 x 10 ergs sec —, 1500 times
the totsl energy emission from the sun. Since these
first observaticns, more than 40 discrete celestial AT ay
sources have been discovered and their detailed properties

TP G o o e o

have been studied »  New energy generation mechanisms
hitherto unknown to be operative in normal celestial

objects have been proposedlo”ls

to explain thes
observations,

simultaneous with this discovery, the earlier
rocket flights also revealed the existence of an
apparently diffuse radiation in the 2-8 wavelength
bandl4”159 The contribution to the observed count rates
from cosmic rays as well as secondary gamma rays was found
to be less than the observed intensity, thereby suggesting
the presence of an extra-terrestrial component, The energy
flux in the 1-10 Kev interval was found to be lOMB erg
Cmm?"SGC"lsr"la The isotropic nature of this radiation
indicated its extragalactic origin, Investigation of the
spectrum and intensity of +this background X-radiation
has since then become a new dimension for the study of the

evolution of the universe and for testing various
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C s 16
cosmological theories™ -,

1.2 QJRKENT EXPERIMENTAL KNOWLEDGE ON DIFFUSE
COSMIC PHOTONS :

1.2.1 Flux and Enerqgy Spectrum

Detailed investigations of the diffuse X-rays
of energy less than 20 Kev, using rocket-borne proportional
counters, have been conducted since these preliminary
observations, These include scanning of the different
portions of the sky and studying their energy spectruml7”24g
In many of these measurements, the diffuse cosmic component
was lsolated by subtracting the counting rates obtained
~with the detector viewing earthwards from those obtained

when looking skyward25’lgw Hayakawa et 3126’17

have
defined the intensity of cosmic X-rays as that remaining
after the substraction of the directional and altitude
dependent counting rates., Pulse shape discrimination
. 21,27 .
techniques » have been also effectively employed to
isolate the true X-ray events from the non-Xray background

The observed energy spectrum in the energy range 1-13 Kev

can be fitted to a power law function and is given by

-2 -1 =1 -1
photons cm “sec” “sr” Tkev

(e

CN e “"‘ _L L 7»1‘0 ® 2
-l 2.4 E

according to Gorenstein et al (1969)2l, with a total
emission of 7.6 + 0,3 x lomgerg cm”zsecwl$r"l,Boldt et al

(l969>23 guote a spectral function
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N ~1,35 + 0,1 - -] - -
%%:iOa3E QJ o photons cm “sec Lsr lkev L

as fitting their data best in the energy interval 2-20 Kev.
The data on soft X-rays between 1 and 20 Kev and the

DA O
three measurements at 0,25 Kevz‘o"‘"%Zd

have contributed
considerably to the understanding of the galactic absorption
28 . s s , . . .
effects™”,the physical conditions of the intergalactic plasma
. . N o . 20 . . o N
like the temperature,density etc.and checking the current
values of the galactic magnetic fields,matter,density and

2 - . , .
9, In addition,different cosmological theo-

cosmic ray flux
ries have been tested with these observations. For example
Gould and Burbidge (1963)30, find these observations incom-
patible with the hot universe model of Hoyle (1963)3lg

One logical extension to the measurements upto 20 Kev
energy is to investigate the nature of this fadiation, with
reference to spectrum and intensity at higher energies., The
importance of getting flux and spectral information over
wide range of energies is that they are vital to the under-
standing of the production mechanisms responsible for this
radiation, For example, if we have observation within a
certain restricted enerqy range, say 2-8 Kev, this can
easily be attributed to a single dominant mechanism, On
the otherhand, in a real situation 1t is possible
that these radiations may have a variety of

~generation mechanisms with a distribution of



0

ameters, Morecver even if a single dominant mechanism

0
@

par

and one set of parameters dibtate production, still these
sets of parameters cannot be uniquely determined by
observations in a restricted enerqgy interval.,

Above 20 Kev, the flux of cosmic photons is
relafively weak compared to thet at lower energiles; hence

the short observation times possible with rockets are

j -

inadequate for making statistically significant measure-
ments. But these radiations can penetrate to reasonable
atmospheric depths as shown in Fig.l,2, normally
accessible to balloons, and hence observations of a few
hours duration can be easily realized.

Measurements in X-ray astronomy were extended
to ballocn altitudes for the first time by Clark in 1964
and observations on Crab Nebula beyond 15 Kev were

32

reported™™., But no mention of *the existence cf the diffuse

D

(1

cosmic component at these energies was made by him, One
major difficulty in analysing the data obtained by float-
ing the detectors at finite atmospheric depths, normally
accessible to balloons for the evaluation of the primary
X-ray intensity is the problem of the Seéondary backgr pund
proeduced by the cosmic rays in the atmosphere and the
instrument itself, The presence of the secondary back-
ground acts as a 1imitingvfactor to the detection sensiti-

Vity of telescopes to the celestial X-rays. In the case of
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discrete sources one can nevertheless isolate the back-

! -

ground effects by carefully studying the time profile of
the count rates before, during and after their transit
through the field of view of the detector, The only
important requirement is that this background remairg

constant while the source is being viewed. Moreover, as
the sizable portion of the radiation at small atmospheric

1

dépthg 1s isotropic and i%s  effect is proportional to
the detector’s field of view, increase in the sensitivity
to diécrete sources can be realized by reducing the angular
opening of the collimator which dictates the viewing
response of the detector, This criterion on the otherhand
cannot be fully extended to the case of the primary diffuse
background because like the ambient secondary radiation
this is dso to a good degree isotropic. It is therefore
clear that an unambigious evaluation of the omnidirectional
primary X-ray intensity is possible only if an accurate
determination of the cosmic ray induced secondary
background is made,

Using a variety of techniques which are described
later, this radiation has been observed by different groups
with balloon-borne detectors, In a recent publication,

. 33 . ‘
Bleeker and Deerenberg™ quote a spectral function of the

4

type

Is ~ ,...‘ o
N(E) dE =195 5"2’45ip°lphoton5 cm“sec s eyt
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for these cosmic X-rays in the energy range 20-200 Kev
from the analysis of the observations made at three
different latitudes, Near identical detectors were used
in these measurements, thereby minimizing the systematic
errors arising from the unknown details of the secondary
background effects,

Beyond 200 Kev, balloon observations have
failed to yield any positive indication of the existence
of these photons of extra-terrestrial origin., The secondary
atmospheric background appears to completely swamp the weak
primary fluxes. For meaningful observations, therefore,
the detectors have to be deploved cutside the regions of
the terrestrial atmosphere, Because of the unsuitability
of rockets due to their short observation times and the
inaccessibility of balloons to these regions, satellites
Or space probes appear to bhe the only modes of investiga-
tion beyond this enerqgy.

Metzger et al (l964)34 have made measurements
on the flux of intersteller gamma rays in cislunar space
by Ranger spacecrafts. Employing omnidirectional scinti-
llation spectrometers aboard Ranger spacecrafts 3 and 5,
they measured the intensity of gamma rays in the energy
Tange 70 Kev to 4.4 Mev in 32 enerqgy intervals at distances

. ) .4 5

varying from 7X107 kms to 4X10 kms from the earth. Part

of the observations in Ranger 3 were faken by deploying
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the detector six feet away from the spacecraft using an
extensible boom, with & view to evaluate the effect of
locally generated gamma rays in th@ spacecratt material.
Tt wés found that the ditference in detector count rates
for stowed and extended positions was much less than that
expected by the reduction in geometrical factor, for the
case of spacecraft produced Jamma rays. This effect,
coupled with the fact that the observations were made - at
sufficiently large distances for the terrestrial gamma
rays to play any significant role, led them to conclude
that the measured fluxes correspond to those of the
intersteller gamma rays. In the overlapping region of
70~-200 Kev, the agreement between the fluxes reported by
them and the balloon-borne observations is fairly satis-
factory. The spectral distribution of the intersteller

gamma rays as measured by Ranger can be represented by

%% = 3©EM2photons cm”zsecmlsr”lkev

upto 1000 Kev,

More recently Vette et al (l970)35have also
made measurements of omnidirectional cosmic gamma flux in
the 0,25 Mev to 6 Mev range by a detector in the Environ-
mental Research Satellite-18 (ERS-18),

Between 10 Mev and 100 Mev, no reported

Measurements of cosmic photons exist., Above 100 Mev, the
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36
)

results of Clark et al (1968 on the diffuse gamma rays

as observed with 050 11T are.available, They quote an
integrated isotropic intensity of (1.1 j‘Da2)XlOW4photons
cm"zsecw st 1 beyond this enerqgy,

A ready comparison of the results, on flux and
spectra from measurements made in different energy ranges,
can be done from Fig.l.3, where a latest compilation of
the available diffuse X and Gamma ray data 1s given, From
a detailed analysis of the data available upto the end of
1966, over the energy range 1 Kev to 1 Mev, Gould (1967)9
concludes that a single power law spectrum of the type
KE™™ ¢an very well represent all these observations. He
quotes a value of 2,3 + 0.2 for the exponent 'n' as
fitting the data best in this energy interval, Further, he
points out that fitting the data over slightly steeper
part of the spectrum from 30 Kev to 1 Mev results in a
value for 'm' equal to 2.5 + 0.2 suggesting a possible
steepening beyond 30 Kev. Since this earlier analysis,
more refined spectral data, especially for energies upto
20 Kev, have become available. Also, as mentioned above,
measurements beyond.l Mev have been fecenﬁly reported,
Majority of the recent measurements below 20 Kev yields a
Spectral index near 1.4 whereas balloon-borne measure-
m@nﬁs in the 20-200 Kev range show a value around 2.4,

It is therefore clear that a steepening, gradual or abrupt,
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of the spectrum is strongly indicated between L and 200 Kev.
'More of this aspect is dealt with in Chapt@r‘IV'on
discussions.,
1.2.2. Lsotropy
Measurements con Lsotropy is important Lo decide
ﬁhether the radiation is galactic or @xtragalacticaKnowledge
ot the intensity from various directions of»the sky is of
special significance to fix the true level of the background,
In the energy range greater than 20 Kev and upto about 200
Kev the radiation is found to be Lsotropic within 10 to 20%.
| Rothenflug et al (1968)37 have measured the pray
emission from the directions of north galactic pole,galactic
anticenter, and the galactic plane in the Cygnus area,
After Temoving the contribution due +to known localised
sources, the flux is found to be isotropic within 20%.
Seward et al (1967)18? investigating 4-40 Kev X~rays have
made observations in the plane and out ofthe plane of the galaxy .

They find that the photon flux observed in the galactic

v

Plane is about 10% greater than that observed away from the
plane of +the galaxy. But as the cOunting statistics in
this experiment is also about 10%, the genuineness of +the
effect is not tirmly established. They meniion that the
_effeCt, 1f truly exists, may be due to the presence of
Unresolved galactic sources.

It is of interest to see how these observations
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on anisotropy in the 20-200 Kev range compare with those
in the higher and lower energy regions., In the lower
energies (44..70 # band) centered around 0,25 Kev, the
observations of Bowyer et al (1968)28 and Henrvy et al
(1968)2O indicate the existence of a strong anisotropy,
the radiation arviving along the plane cof the galaxy being
only 3% of the intensity in the perpendicular direction,
This is mainly due to the intersteller absorption, an
effect predicted by Gould and Sciama (1964)383Bowyer et al
(1968)28 further note that this correlation with galactic
latitude is lost for higher energy photons where the
galactic absorption effects become negligible. In a
galactic latitude scan, the isotropy is found to be within
8% in the region W7Oq<‘b“<f+8OO for 1-13 Kev energy range

23 have

by Gorenstein et al (l@é@)zla Boldt et al (1969)
found the 2.-20 Kev radiatien to be isotropic within 5%
over the band of sky extending from Scerpius to north
galactic pole. They find a linear relationship between
the solid angle of opening of their telescope and the
corresponding intensity, thereby demonstrating that the
Tadiation is truly isotreopic. Similar conclusions have
been arrived at by Matsuoka et al (l968)l9 for the 4-8 Kev
band, by using collimators of three different fields of

View, In a high sensitivity sky survey in the energy band

1.4 — 18 Kev, Cooke et al (1969)39 have found evidence for



a galactic component of the diffuse background, because
of a clear excess of radiation éeen in the galactic plane
from the Vela-Corina-Centaurus region (2450t0 BQOOgalactic
longitude). They suggest that the increase may be either
due to a number of unresolved sources which lie below the
sensitivity threshold of their survey or it may be due to
a diffuse galactic X-ray flux connected with the concentra-
tion of matter, radiation or cosmic rays in the galactic
plane. The gradual increase in the excess X-radiation
~towards the galactic center is in conformity with the
increasing neutral hydrogen density.

On the higher enerqgy side the only positive
measurement on directicnal intensities is that of
Clark et al (1968)36 with 080 III for gamma rays of energy
greater than 100 Mev. In this, they have clearly resolved
a galactic diffuse component superposed over an isotropic
radiation of iniensity (1.1 +0.2)x lO”4cmw25ec“lsr“la A
clear increase by about a factor of four over the
qQuiescent background is observed along t he galactig plane
in the latitude scan where as the longitude scan shows a
broad maximum in the direction towards the galactic
Nucleus, 4s the probability of observing such a large
deviation from isotropy by chance is less than one in a
thousand, according to the authors, the effect seems to he

genuine,
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1.3 EXPERIMENTAL INVESTIGATIONS OF DIFFUSE COSMIC

X-RAYS IN THE 20-200 KEV RANGE.
radiation
40
)

First attempt to observe the isotropic

at balloon altitudes was made by Brini et al 1965 . They
[ergn o3

used three X-ray telescopes for the 20-200 Kev interval

with NaI(Tl) crystals as the basic detectors. One was

pointed towards zenith to measure the primary X-rays as

well as cosmic ray produced secondary radiation, second
towards the earth and hence only to measure secondary
radiation and the third was completely screened to measure

the internal instrumental background, By detailed critical

comparison of the three sets of count rates so obtained

iy
cm -

between 50 ¢ and 10 g cm © atmospheric depths, they

get an indication of the omnidirectional primary flux for

P

- 1 - ""2 b -
which 0,15 and 0.6 photons cm “sec lsr are given as

lower and upper limits respectively between 40 and 200 Kev,
et

_ oeen Al L N |
Hudson al (1966) while investigating the

X-rays in the energy
from Hyderabad, also
used by Brini et al,

shiel ded telescope,

rates of the upward and downward looking telescopes

used to evaluate the

0,14 + 0.008 photons

Blecker et al

range 5-80 Kev, in two ballocn flights
adopted a technique similar to that
but dispensed with the completely

The difference hetween the counting
wa s

primary flux and they quote a value of
CmMQSGCMlSI 40 Kev,

, 1

(1966) 42

adopted the rotating
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shutter technique to modulate the incoming Xerays from the

forward direction, The shutter, essentially a lead disc,

cuts off the incident X-rays nearly completely upto the
highest energies being measured when 1t comes over the

tforward opening of the telescopes The modulation methaod
allows the separation of the cosmic ray induced background,

which is the result of the properties of the detector in

@

its radiation environment at balloon altitudes, from the
forward X-rays which are a combination of the atmospheric
and cosmic X-rays, @ typical count rate characteristic as
a function of the atmospheric depth for shutter open and
closed modes, taken from 4 paper by Bleeker et al (l968)435
is shown in Fig.l.4. The curve derived by the subtraction
of the rates corresponding to closed mode from those of the
open mode can then be used +o evaluate the contribution

from primary X-rays to the observed count rates with

minimum ambiguity,

systematic observations of the diffuse component
have been made by Bleeker et al (1968)43, upto 180 Kev
using the above technique, They argued that if this
radiation ig truly primary, then it should be latitude
independent unlike any radifation of the terrestrial origin,
To thig end, they cenducted balloon tlights from two
Stationsg widely separated in latitudes with géomagnetic

Cutoffs of 2.8 Bv and 11.5 Bv and arrive at the conclusion
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Wl ol

t these radiations are truly latitude independent.The

9

the

oY}

intensity and spectral distribution of the latitude
independent component is shown to be adequately represented
by

‘ .(-:,;Z{‘Ik\i = ) =
a5 - L40E

2.4 - 1
photons cm “sec” “sr Tkev

upto 180 Kev,

N

The third technique to evaluate the intensity of

primary component at balloon altitudes is from the transi-
tion effects of the count rates of the X-ray telescopes at
small atmospheric depths in different enerqgy intervals.
Normally the count rates registered by a X-Tay telescope
increase during the initial stages of the balloon ascent,
go through a transition maximum at a cepth equivalent to

~

roughly one tenth of the atmosphere and then decrease; in
general agreement with the characteristics of other
secondary components in the atmosphere, In the absence of
any contribution to the count rates from extra-terrestrial
sources, the decrease beyond the transition maximum should
continue to the highest altitude. But the penetration of
the cosmic X-rays in reascnable intensities to depths of
the order of 10 g i causes an upward trend in the
observed count rates at these depths. The nature of the

. B,

count rates versus depth curve beyond 20 g cm™ wan’

then be used to evaluate the intensity of the omnidirectional
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compqnent; In Fig,1.4, the curve corresponding to open
shutter configuration shows clearly these d@fails& The
extent to which this technique can be successfully exploited

clearly depends on the intensity of the secondary background,

44
)

Rothenflug et al (1965 and Rocchia et al (1967)77 have

observed such transition effects in the 20-100 Kev Tande,in

the count rates of the X-ray telescopes flown at atmospheric

~

e

depths less than 10 g cm™® over mid-latitudes,
4

(@)

Peterson et al (1966) have also observed similar effects

in their experiments from mid~latitudes.,
1.4 COSMICAL PHOTON PRODUCTION MECHANISMS.

There are really only a few important processes
for photon production in the space, In the enerqgy range
1 to lO8 Kev, the principal production mechanisms could be
classified as electron-photon processes. These basic
processes are essentially (1) synchrotron radiation
(2) bremstrauhlung (3) inverse €ompton effect and
(4) electron positron pair annihilation. On the higher
energy side we have in addition (5) de~excitation nuclear

damma rays and (6) ;7777 decay process,

l.4.1 Synchrotron radiation.

Synchrotron radiati3n47

, alternately known as
Magnetic bremstrauhlung, results whenever there is a

Component of a local magnetic field H perpendicular to the
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instantaneous electron velocity. An electron gyrating in
\ J

iation contailn

a magnetic field emit electremagnetic rad

in a narrow c¢one arcund its direction of flight. Thus

ed

he

clectron can be seen only in a state, moving towards the

ohserver and the radiation frequency is shifted towards

blue by the Doppler effect.

The synchrotron spectrum of a single electro

3!
has an asymmetric frequency distribution with the centr

1

gravity close to the characteristic frequency 3/ Corre

ponding to an enerqgy

with H in microgauss, and)) in megacycles Maximum of

frequency spectrum cccurs at a value

DJmZOGQQQE

}

The radiation power emitted by a single electron due to

synchrotron process is given by

), 2 eV

it
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Thus the energy loss suffered by a single electron is

o : : 2 - . . - , :
proporticnal to Y ©. If a collection of elecctrons is re

presented by a spectral distribution
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the resultant synchrotron power spectrum is given by

. o - Je /:’j e
I, (s)=4.8x10""9(4,9x10%) 3" qDRHCi’f')/fy(l /2

where R is in light vears, H in microgauss,y/in MHz, n. in

r

cm”s, and (L), in Watts mmmerlHZ “L 1t is apparent from
this equation that the synchrotron radiaticn is of importance
only for the production of X-rays upto about 200 Kev energy
as at higher energies the magnetic field and the electron

energy requirements are considers ibly large. .

1l.4.2, Bremstrauhlung process

This process is of importance only for electrons,
as the cross section for the radiation depends inversely on
the square of the particle mass, and thus is negligible for
protons and heavier particles. The probability for an
electron of kinetic energy b traversing a thickness of tdx:

g cn? to radiate photon of energy W is

= 4aNz2,2 il

A
~ W ) . :

where v = 5 » U being the total energy of the electron. The

form of the function F(U,v) depends upon the electron's

energy and the screening of the nucleus by the atomic

electrons, and is given by Rossi (1952)49¢ For "complete

streening®, F(U,v) is essentially given by

F(U,v) = ln(lBBZ”l/3>
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The quan%ity X, called the radiation length, is a useful

sarameter for this process and is given by
e f 4 :

The energy loss for the case of complete screening is then

1 -

expressed as

., SO o~
The value of X, Tor hydrogen 0 is 66 g cm™ 7,

If electrons pass through icnised gas, no

j occurs. Rather, in this case the shielding of a

oo

screenin

@]

peint charge is determined by Debve-length

D =6.9 ,-"%?y
%

T being the temperature and n the electron density.8ince

o]

1

in the computation of the radiation length, the screening

, ) ) . . /2
based on the Thomas - Fermi model with a radius & -1/3 is

v

U‘

used, the radiation length in a plasma will be given by

whe:ar@'}’l\,C Ls the Compton-wavelength «f the electron.

Bremstravhlung quanta may be produced, for example,

51,52

by a Maxwellian distribution of electrons in a hot plasma .
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In the first approximation, the bremstrauhlung quanta

; o _ Y ,
follow an exponential energy spectrum  exp ( “1¥%>y Tkt
SN

I
i

being the Boltzmann's constant and T, the temperature of

the plasma. Bremstrauhlung from collisions of electrons

with intersteller matter vields a2 spectrum of the tyvpe W 'dw
Y | Y1

if the electron spectrum follows a power law with exponent|.

1.4.3. ILnverse Compton effect

255 a high energy electron malies an

o

In this proc
elastic collision with a low energy photon and transfers
some of its kinetic energy to the photon, If initially the

. ~/ - ~ 1.
electron enerqgy is ”ance with/>>1, and the photon energy
49 -
H

is €, then it can be shown that the characteristic

photon energy after Compton scattering is

W Y2 (ifYE <om ).

~ e

4ds indicated, this relation holds if the photon energy(= Y& )
in the electron rest frame is much less than the electron
rest energy, or in other words if the scattered electron is
nonrelativistic in its initial rest frame, a condition under
which the Thompson scattering approximation is valid. A

single electron radiates a power given by

~14., 2

PN =

jo
{

4. :
p_ = “’%H"_[ e \/2}3 = 2,66x10

-~
O

with g0 = 6.6x107% 2cn?
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and & as the energy density in ev/cc of the low enerqgy

photons, Like synchrotron process, here too the energy loss

of electrons is proportional t@'fzg

The power spectrum of X-rays produced by an
1t

electron spectrum of the form n.y dy is given by

with n,in c¢c, R in light vears, T in “K of the raciation
. . o ~L . N S~
field, W in ev, % in eV cc and (IW) in ev “cm “sec

-1
sr .

1.4,4, Electron positron pair annihilation.

Positrons are created 1in collisions of cosmic ray

particles with matter through the7fg>%téﬂdecay chain, The
colliding nuclei are beth positively charged, and thus an
over abundance of positron results from this production

-1 i - .~ - ~ - 4o 53 ™1
process, at least in some energy intervals™, The cross
section for annihilation of positrons with energy E, with

elect T T ¥4}
ectrons at rest is

el [l gy, g -T2

Yo b o

WE gm0 Y - ;t ,,,,,,

At very high enerqgy, this formula becomes,
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The delta function is an approximate expression for the
fact that one gamma ray takes away pracltically all the
positron's energy, The cross section for annihilation
diverges for V?ﬁ’lé However, the rate of annihilation per

second in a substance with N atoms per cc of charge 2Z

is given by

R = ”ﬂ(f'v+ = ZNi| r

About  80% of the positrons created with an enerqy exceed-
ing 100 Mev are slowed down by iconization loss before they
annihilate. The slowing down time by ionization loss is
about 107 vears™ . The escape time from the galaxy, on the
L _ 8 55
otherhand has recently been estimated to be about 10 years .
Thus mest of the positrons will have left the galaxy hefore

they can be brought to rest.

1.4.5 Nuclear gamma rays,

On the higher energy side i.e. greater than 1 Mev
one can also expect the production of nuclear gamma rays.,
The production of nuclear gamma rays in space by the
collisions of cosmic ray particles with intersteller matter
} ~ - - ~ iy o P pag v hy ~ ]~ N - o e PR T I . 56
nas been considered by CGinzburg and Syrovatsky (1965) 77 ,0ne

May assume that the target nucleus emits one gamma ray
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A
aftter one collision with a high energy particle of the
cosmic radiation. Under this assumption, the gamma ray
production rate is given by

. , -5 - -1 -1
T o 3 x 107~ M(L) photens cm “sec”sr

where M(L) is the mass of the gas along the path L in a

e 2 : ‘ . i
column of 1 c¢m® cross sectinn, Supernovae explosions too
can result in the production of highly excited nuclei which

subsequently decay emitting gamma rays.

O »
1.,4.6 I{ " Meson production and decay

e . . )
Still higher energy photons result from the 7C
mesons, which decay into two damma rays with a mean life of

. ) -16 , . 70
about 10 sec. In the rest frame of the 71 meson,

each guantum receives an energy equivalent to half the rest

mass of the neutral picn i.e. 68 Mev, Tn the Laboratory

system, the probability for af( © meson of total en@rgyLLﬁﬁ-
]

to produce a gamma Tay with energy W in dwW is constant

between the two limits

Wmax - %

min

The properties of the galia ray spectrum resulting from an
arbitrary spectrum of (" mesons have been discussed by

o ey 07 :
Svensson (1958)°'. In order to derive the gamma ray spectra,
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the Information about various modes of production of
i

: - e 2 e e Tl e 7 O ) - X NS VA
neutral pions is necessary, These “mesons can be produced
by collisions between cosmic rays and matter. The number
of quanta produced at a distance 'T!' with energy W in Jdw

per unit time, volume and solid ancle is given by
r 7 v} ! 4

'?%;‘:})/Lc(}[ A
[/ C\«S)
L f — . 2l g N
S{W) dW=n(r)dw / ( ) F N
R ——— A E ool F) [ ()
v / oo L 4 ( ’ -)”z:;f{ /

c; !JS’ i’)”.i' o \,C R (,f'/

YA —

pe

where — " 5 is the decay probability of a neutral
ﬂ\/7 head L T «,)(.

pion of energy E into one gamma ray of energy W, the

i

kinetic energies Emwx are defined as the inverse of the
[
min

L A . S - o
definition for w given above, . (E.BE 1s the enerc
max ¢] ?

min
dependent cross section for neutral pion production by

1 7
, Icr(E ) the differential

Cosmic ray particles of enerqgy E
cosmic ray spectrum and n(r) +the density of matter at a
distance 'rt,

e

0 ‘ - L
f{ “mesons can also result from annihilation of
matter with antimatter. The cross section for this process
to occur shows a variation Llike

O/- ot :--i e :")N' A - o,
G

where @)is the relative velocity of the annihilation
partners. This process therefore predominantly occurs at

small velocities,
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THE COSMIC DIF
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Any theory on the origin of the diffuse cosmic
X-rays should be able to explain the following main
observational properties of thic radiation;

[ ) ¥
. . . . X — 3 el ]
(a) an intensity which is 8 x 10 kerg cm Tsec s

-1
in the 1-10 & range and a similar wlue in the
20-200 Kev range,

(b) a power law spectrum with an index 'n' of

the order of 1.4 in the 1-20 Kev interval

steepening down to about 2.4 upto 1 Mev,

(c) lsotropy within 10% for energies greater

than 1 Kev,

I

Different theories so far suggested

for the

origin of these can be broadly divided into +wo classes;
those involving the generation of X-rays in the all pervad-
ing intergalactic space, and those which relate the observed

e

diffuse X-rays to the effects of the superposition of

discrete sources,
The processes which may contribute to the
generation in the intergalactic space are;
(a) an inverse Compton interaction between
galactic or metagalactic electrons and 1ow
N Ca . T o I
energy ambient photons including those of 37k

microwave background,



33
(b) thermal bremstravhlung from an inter.

galactic plasma,

(¢) non-thermal or inner-brem:

amblent electrons and suprather L pTo

f

A generalized rigorous calculs

expected intensity based on either of these +wo possibi

ties reduires assumption or adoption of a large scale
cosmological model for the Universe. More explicitly, one
must know as a function of position in the Universe the
emission properties and velocities of sources producing
photons, as alsb the time dependence of these characteri-
stics, since Universe is very likely to be evolving, In
simplified models, one considers a spherically symmetric
expansion of the Universe of a differential form

av

€ — r /.
dr T £ (Lﬂ

where Ve, 18 the expansion velocity at a distance 'v' and
f(r,t) has a typical magni tude ka/(lOlOyrs)”i5 called
Hubble constant., This kind of expansion then defines a
Limit RH known as Hubble radius, for the observable

Universe, the outer fringe of which has an expansion vel o~

63l

city C, the speed of light., Its magnitude i easlly seen

g xe]
to be-% = RH = 1046cme The Doppler effect and relativistic

time dilations associated with large expansion velocities
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corresponding to outer edges of the Universe cause the
photons produced in these regions Lo be redshifted and

received at a slower rate than those produced.

Felten and Morrison first suggested the inverse

Compton mechanism for the origin of the diffuse cosmic
: 58

X-Tays. In an earlier paper™  these authors proposed
collisions between intergalactic fast electrons and
photons of star light as a possible source of diffuse X-
rays and emphasised the relative importance  of this
process in tenuous regions. With the observation and
that the Universe may be filled with black

N , O, ;
body radiation at a temperature of 37K, a new element has

entered all such calculations. This additional feature has
been incorporated by Felten and Morrision in a subsequent
- 4’ :B LA 33 - 4 1 A .- - 4
paper ~, For our galaxy, including the halo, they find
that when the inverse Compton losses of electrons by
collisions with star light and microwave background are

considered, the intensity falls short of the observed

value by two orders of magnitude. Emission by halos of
external galaxies {g likewise insufficient. The shape
of the spectrum, however, is compatible with that observed

experimentally.

The basic hypothesis, Felten and Morrison has

-t

to malke

r"\
D

is that the intergalactic medium is Tilled with
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jgest

a spectrum of high energy electrons, which they suc

could result from leakage from strong radio sources.

is a simple relationship between the index of the spectrum

of Compton scattered photons and that of the electrons

involved in the Compton scattering. If 'n' is the index of

the resultant X-ray spectrum due to electrons having a

. I
spectral index i}g then

Using the spectral index value of 2.4 for X-rays in the
N : . - o . - 1
20-200 Kev range, a value of 3.8 is obtained for | . On
the otherhand, the radio spectral index o, which is

related to the electron spectral index { by the relation.

i)
03¢

leads to =2.4, 1f we use the typical value forX =0.7.

In addition, the direct primary electron spectrum measure-
carth lead to a distribution of the

e
2.6 + 0.2 , - . DaBT
e between 5 Gev and 300 Gev

ments near ti
type E , which 1s
again incompatible with thatl expected from X-ray observa-
tions. A possible solution to this lie in the suggestion

68 . o 1 o e
by Felten that the electrons escaping from radio sources
and entering the intergalactic medium may have their

spectrum steepened, This can be readily shown by using

/
the continuity equation for the electron dens ity np()g )
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ONe(Ye) | | .
S (relde ) = 3,9, (v,)
‘ N C .
written in the energy space, Here‘)/p is the Lorentz factor

and qi("j °
state solution ( i¥lQ::' ) of this equation, for an electron

e) the source function for electrons. The steady

source spectrum given by

%5<YQ = A5 Y

and energy losses of the type

is easily seen to be
- AC) y — (//Z +i>

/‘?Q(»ng,) — {wf%SQL\Z —MD"‘" YQ

As is clear from 1.4.3, the inverse Compton mechanism
leads to energy losses of the type[ﬂ~¥§ and it will certainly
predominate if the 3°K black body radiation is truly
universal., This then can account for the difference in the
electron spectrum index of unity between the sourceregioné

and the intergalactic space.

Another source of high energy electrons is via
secondary production in cosmic ray nuclear collisions like -
p~p collisions. These interactions Lead to P%Qn production,

s

which finally results in electrons through /f~m?/**~%éﬂdecay
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chein. Ramaty and Lingenfelter 01966)53 have computed the
intensity and spectrum of electrons generated by this
process, and predict a spectral index of 2¢5$Gould‘s(196§?
estimate of the intensity of X-rays based on the inverse
Compton effect of these electrons leads to agreement within
a factor of three with the observations., Also the spectrum

has the required shape,

The fact, that in an evolving universe the black
body photon density at remote epochs should be higher, has
been considered by Brecher and Morrison (1967)69 in an
attempt to explain the intensity of diffuse X-rays. They
find that invoking higher density of microwave photons in
distant past does not solve the problem of lower calculated
fluxes, unless evolutionary effects for electron fluxes are
also invoked, This, they suggest, may be due to the hi gher
number and strength of radio sources or supernovae or a
More copious secondary electron production in distant past.
But all these hypotheses lead to a value of the distant
epoch which is incompatible with the life time of +the Uni-
verse itself. Subsequently these authors(l@é@)ma suggest
that the spectral nature, including the possible break
beyond 20 Kev, and the intensity can be very well accounted
for by assuming that there is a break in the eléctron

/

Spectrum intrinsic to cosmic Tay sources in normal galaxies

and that the source strengths of electrons and protons are
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large in normal galaxies. The break in electron spectrum
is derived from radio observation$7l9 where a steepening
occurs around Z00-1500 MHz in normal galaxies (H«\x4/gg)s
This corresponds to a break in the electron spectrum
around the energy E@bZSES Gev. Using the formula for the
energy of the Compton scattered X-ray, Ex = (391x154eV/K)12T,
with Eeb:3a5 Gev, we get the energy Exb at which the X-ray
spectral break occurs as 40 Kev, inserting the value

corresponding to Ecp™3.5 Gev, and T=2,7°K,

The thermal bremstruhlung from a hot intergal actic
plasma has been proposed as a possible source of soft

72,73

X-rays - But this fails to explain X-rays above a few

Kev,

74,75

3

Hayakawa. (1968, 1969) has discussed a
different mechanism to explain the origin for the diffuse
X-rays of energy at least upto €60 Kev. According to him,
X-rays are produced by the process of inner bremstrauhlung
resulting from the collision of intergalactic cosmic rays,
especially protons of few hundred Mev energy, with electrons,

He has further shown that the enerqgy spectrum can also be

X~-ray spectrum upto 100 Kev can be mainly attributed to
the shape of the cosmic ray spectrum; that is, for energies

less than 10O Mev, intergalactic proton spectrum flattens
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due to ionization losses. On this basis, it is predicted
that 1f the intergalactic proton spectrum is- E;; for
10 <;Ep < 100 Mev.and falls off for Ep<( 10 Mev, the X-ray

spectrum expected is 1n (ECX/E) , and should never be less

steeper than this. Here Ec% is the X-ray critical enerqgy
which is a function of the proton critical energy below
which the proton spectrum has a tendency to flatten as well

as of the ratio of the masses of the electron and proton.

The superposition model was initially suggested
by Gould and Burbidge (i963)30 according to which the X-ray
emlssion from the distribution of external galaxies, can
give rise to the observed diffuse radiation. A simple esti-
mate of the intensity expected from this has been made by
Friedman (l967)8 as follows., The average distance of the
observed X-ray sources is taken as 2 Kpcs, On the
assumption that the galaxy is an uniform flat disc shaped
distribution of stars, 15 Kpc in radius, the X-ray sources
observed thus far must be confined to about 2% of the
velume of the galactic disc. The entire galaxy is there-
fore estimated to contain 1280 sources, with an average
luminosity of about 6 x 10°° ergs sec™t per source., This
gives LGal(lwlO A) = 7xl0399rg sec™l, If our galaxy is
typical of spiral galaxies, then

. i - -1 2 -]
R, o2 5x107erg seCcm” “sT

F(1-10 9&) :"';Tl Ng L’Gﬁl 0

477
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using the value {or the density76 of spiral galaxies
Nq as 10”7 cc”l and the Hubble radius RHﬂ lOQgcms. The
observed intensity i1s 40 to 20 times more. But there is
no reason to suspect that our galaxy is typical., A better
approach77 will be to take an average <jLGa£>over many
galaxies, like the observation78 of X-rays from Coma Cluster
which contains about loggalaxiesn Tentative estimates
suggest expected fluxes from such superpositions, to he-
higher by a factor of 20, Comparéd to observed intensity.

¢
>)

Byram et al (1966 on the otherhand suggest that the

strongest.extramgalactic X-ray sources are not normal gala-
xies, but unusual objects like M87 which are strong radio
sources, Thus assuming that objects like M87 are responsi-
ble for both cosmic radio background Ir<E> and X-ray back-

ground I (E) we have.

.

PO O EN
T.(E) | back- I, E)| M87.
' ground

Cosmic background in the radio region is estimated from

the brightness temperature using the formula

BI_(E) ka2)2
B) = — :
* TE ¢

[®]
with T =15° at 3) =178 MHz ™ LAt 178 MHz,radio flux from MS7
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61

™~ v ) :
23 2 ] o . ( L
Hz"7, Using Naval Research Laboratory data on

is 10°7W/m
X-ray background and the flux from M87, the left-hand side

is found to be 3 times as large as right-hand side, which

1s satisfactory considering the uncertainties involved.

The various above estimates do not invoke the

evolutionary effects which may play a significant role in

! o ls
the production of these X-rays. Bergamini et al (l966)02

have considered the inverse Compton radiaztion from the
interaction of the cosmic blackbody photons with the relati-

i

vistic electrons present in the extended strong radio

galaxies and suggest that the isotropic X-ray background
can be accounted for by means of superposed contributions

from these extragalactic X-ray sources provided that evolu-
tionary effects are taken into account. The neglect of
evolutionary factors leads to a diffuse intensity which falls
short of the observed flux by one or two orders of magnitude.
Here the authors consider the diffuse radiation as due to an
evolving density distribution of radio sources with low mean
magnetic fields. These radio galaxies are’inténse inverse
Compfon emltters of X-radiation only at appreciable red-
shifts, where the radiation density is greatly éhhan¢ed, and
these galaxies would not be detectable as discre%e X%ray
sources, JAccording to these ideas an entirely néw mechanism

is operative at cosmological distances,
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A model which is a variant of that given by
T oy e g = : = b - " . . ™) oy P B qe) 83
Bergamini et al has been proposed by Rees and Setti (1968)7",
Here an expansion has been attributed to the source while it
ls radiating and the bulk of the X-rays are emitted during
that phase of the evolution of the radio source when the
debris following the initial explosion, in which high energy

o

prarticles are created, escape and interact with the interga-
lactic medium., Rees and Felten (l965)84 point out that such
a model can then account for the observed break in the X-ray
spectrum, This is because a spectral break occurs when a
departure from the relation { = 2n-1 between the indices of
electron ( FY) and Compton scattered photon (n) spectra
occurs, This will happen whenever Wé enter into an enerqgy
regime where competing losses are significant. For the Rees
and Setti model, they show that the competing loss is adia-

batic expansion of the source and placing it at an appropriate

redshift distance, one can explain the observed spectral break.

! . .85
On the otherhand, according to another suggestlo§

extra galactic X-ray sources result from superpositions of
discrete X-ray sources similar to those present in our galaxy.

-

For energies greater then 10 Kev, the luminosity of a galaxy
LGal is of the order of lOBg ergs sec™t assuming thousand
Crab like sources (lOoéargs sec"l)m It is pointed out that

subject to sufficient increase in the X~ray luminosity of
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individual galaxies with redshift, one can account for the
observed diffuse background by counting normal galaxies and
attributing an evolutionary effect similar to those observed
for a class of powerful radio sources in 3C cataloguegée In
considering the evolutionary requirements for the SUperpo-
sition of extragalactic sources similar to our own galaxy,
5ilk (1969)87, points out that large redshift parameﬁers
not compatible with the usual cosmplogical time scales
have to be invoked., He further suggests thatthis can be
circumvented by introducing an additional degree of freedom
that is a greater ratio of X-ray to radio luminosities of

sources at past epochs than the present,

In conclusion, it should be mentioned that both
the models i.e. the radiation from intergalactic space and
the superposition of discrete sources are capable of
accounting for the observed intensity and spectrum under
certain assumptions which are difficult to test with the
present experimental techniques, In both the models,
by invoking evolutionary effects incorporating cosmolo-
gical considerations, the intensity requirements can be
fulfilled. Finally, it is necescary to emphasise that
there now exists a real possibility of connecting observations

ofthe diffuse X-ray background, discrete radio sources and
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radio background to the theories of source evolution and
of cosmology, and that as observations of X-ray sources
improve, the break in the spectrum may become an important

tool in making these connections.

1.6, PHOTONS OF ENERGY GREATER THAN 200 KEV AT
BALLOCN ALTITUDES,

Investigation of photons of energy greater than
200 Kev at balloon altitudes is of great interest as a
secondary atmospheric phenomenon and because of its astro-

physical implications. 1In the past, a number of experi-

ments have been carried out from both these pocints of view.

1.6.1 Low enerqy photons as a secondary atmospheric
: phenomenon,

Protons and heavier nuclei of the primary radia-
tion undergo nuclear collisions in the atmosphere resulting
in the disruption of target nuclei and production of
neutrons and protons. Also various kinds of mesons are pro-
duced, among which the charged and the neutral pi-mesons are
the most predominant,The neutral pi-mesons instantaneously
decay into photons,which then multiply into electron-ploton
showers,while the charged pi-mesons decay into MU~Mesons
and neutrinos., Due to their weak interactions with nuclei,
the mu-mesons undergo encrgy losses only by ilonization

before eventually decaying into electrons and neutrinos or
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react with the earth's crust, Thus the secondary cosmic

radiation in the atmosphere contains protons, neutrons, pi-

mesons, Mmu-mesons, electrons and photons.

The relative intensities of the various components
change rapidly as the radiation propagates through the atmos-
phere. Near the top of the atmosphere, the primary radiation
still predominates and therefore most cosmic ray particles
are either protons or neutrons (either free or bound in com-
plex nuclei), The number of these primary nucleons however
decreases at a fast rate with increasing depth. At the same
time, the number of secondary photons and electrons increase
rapidly with increasing atmospheric depth and go through a
maximum at a depth roughly equivalent to one tenth of the
total mass of the atmosphere. In this transition region,the
electrons and photons greatly outnumber all other particles.
Further, at greater depths this component too begins to
decrease rapidly. Compared'to the electron-photon component
or the proton-neutron component, the mu-mescon component
decreases st a much lower rate as its radiation losses are

negligible and nuclear collision probability is small., pi-
/

mesons are ofcourse very scarce in the lower atmosphere

] . . o 8 .
because of their short mean life (2.65 x 107 “sec), The
gquantitative aspects of these processes have been dealt.

with in. detail by-Rossim(l952}4ga
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The electron-photon component, othefWise known
as sofl component, is detected by its effects 0T Mmore pre-
cisely by certain events incited oy it, e.qg. electron-photen
cascade showers generated in the absorber, bursts in the
ionization chambers shielded with small thickness of lead,
and finally gamma rays of low energy. The propagation of
the soft component originated by either primary electrons
or primary photons is exclusively based on the electromag-
netic interactions and is outlined by cascade theory, from
which may be determined the average number of photons and
electrons in a given enerqgy band and at a given depth of
any absorber., It is found that by means of the alternating
processes of radiation by collision and pailr production,
the number of photons and electrons increases upto a certain
depth, reaches a maximum and then decreases. The cascade
multiplication produces a progressive degradation of +the
mean energy of the electrons and photons. Because of the
increase in their number, it is the dominating phenomenon
for energies which are much greater than the critical
energy, which for air is about 84 Mev. The photons below
this cascade energy, undergo a single pair interaction, or
get degraded in encrgy by multiple Compton scattering. The
latter process results finally in the production of very
low energy photons, Moreover, energetic electrons pI oduced

by the Compton and pair processes also generate low energy
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garma rays through bremstrauhlung. It is, therefore, clear
that the electromagnetic processes outlined qualitatively

above can lead to the presence of low energy gamma rays in

the atmosphere,

Low energy nucleonic component of the cosmic
radiation can also gnerate low energy gamma rays in collis-
lons with air nuclei, These interactions result in nuclei
or nuclear fragmernt that are in excited states which subse-
quently radiate their excitation energy as gamma rays.This
inelastic scattering process is most likely to yieldgﬁohrm
characteristic of the lower excited states of nitrogen and
oxygen nucleil which are 2.3 Mev and 6.1 Mev respectively,
The problem of nuclear de-excitation photons in the atmos-
phere has been theoretically investigated by Rapaport(l958§8
who concludes that approximately 10% of the total ionization
in the atmosphere is produced by low energy gamma rays
which are genetically related to the products of nuclear

disintegrations.

1.6.,2 Present day experimental knowledge of the 1low
enerqy atmospheric photons.

Experimental investigations of low energy photons
below cascade energy have been carried out to understand
their intensities as a function of altitude and latitude.

These can yield clues regarding their genetic relationship
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or more explicitly whether they arise mainly trom electro-
magnetic component or nucleonic component, Spectral details
of these radiations at differemf depths are also of interest
to investigate the problem of origin. For example the pre-
sence of line features like those corresponding to the excited
states of nitrogen or oxygen nuclei or the 0.5 Mev annihilat-
ion line and knowledge of their intensities is very helpful
to the understanding of the nature of the respective pheno-
mena responsible for the presence of these lines.

Earliest attempts to measure this radiation were
. i , e 89,90 . ‘ .
made by Perlow and Kissinger (1951) "7 using @M counters in
rockets, Because of the approximate linear variation of the
detection efficiency with photon energy for such type of
counters, these measurements vielded enerqgy flux rather than
photon flux. They showed that the observed flux in the at-
mosphere 1s accountable for by bremstrauhlung of the elec-
tronic component and subsequent multiple Compton scattering,
1 : . w

Reffel and Burgwald (l954)9 for the first time used a Nal(TL)
crystal to study such low energy phenomena in the atmosphere.

s . . 0
Investigating the 0.2 Mev to 2 Mev range from 40 N geomagne-
tic latitude, a maximum for these events was detected at

. - -2 .
approximately 105 g cm™ ™. They conclude that these gamma

rays represent the low energy end of the cascade process

further degraded by multiple Compton scattering.
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. G , N . ,
Jones (1961)7" has investigated the photons in

O
D

the energy range 0.25 Mev to 10 Mev by a phoswich spectro-
meter converted inte a telescope using a lead collimating
shield, To measure the intensity of gamma rays coming in
the forward direction, he used a shutter which periodically
opened and closed the front aperture,.From observations at
5.5 g Cmmzover7\m24lON, his experiment vielded a null
result for the flux of vertically incident gamma rays and
at 0.5 Mev an upper limit of +0.034 photons cm“zsecwlsrml
wes placed, By comparing the position of maximum intensity
of the observed radiation which was between 60 and 70g Cﬁz
of atmospheric depth,with those of other secondary radia-
tions, he concludes that these gamma rays are of nucleonic
origin and that they are not genetically related to the

electromagnetic or soft component of the secondary cosmic
rays.,

Unshielded scintillation counters were used by
Anderson (l965)93 to study the atmospheric photons in the
energy interval 20-300 Kev over Fort Churchill.Appropriate
corrections for charged particle effects were made by
using the counting rates measured by a GM counter. His
spectral study in four channels corresponding to enerqgy
losses greater than 20 Kev,60 Kev, 120 Kev and 300 Kev in
the crystal shows that the integral spectrum can be re-

presented by an equation of the type
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b-mlog B, 30<E <300

where the parameters b and m are funcltions of atmospheric
depth. Moreover by comparing the heights of maxima of the
observed rates in the M and scintillation counters, it is

concluded that these low energy photons are the degraded

products of the neutral pion decay gammas.

Investigations by Vette (l962)94 of the atmos-
pheric photons in the 25-1060 Kev range from mid-latitudes
( ?Liﬁ:40a5oN) using unshielded NaI(Tl) scintillation counter
have shown that the spectrum can be approximated to a power

law of the type N(E)dE = AE™WE with n=1,38, He finds

-
1

this spectral feature to be constant fTrom 300 g cmmZ to
10 ¢ cmwQ, Further calculations indicate that the power
contained in the photons lying in this energy range is about
7% of the incoming primary enerqgy at this latitudé, Based

on the energy balance requiremehts, he argues that such a

large intensity is incompatible with its origin from nucleo-

nic component,

But none of the above experiments, except perhaps
that of Jones, had the required energy resolution to explore
the line features if present in the atmospheric gamma ray.
spectrum, A Nal(Tl) detector in phoswich configuration of

moderate resolution and having low background properties
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was flown by Peterson (1963) from Mlnneapolls(/L Ny -
in 1961. This experiment, for the first time; revealed
the existence of annihilation line at 0.51 Mev- in detectable
) - "
ntensities from atmospheric depths of the order of %C0g cri
— . . . . )
upwards, The intensity of this line at 6 g c¢cm™“ was found
. ~2 -1 . .
to be 0.3110.03 photons ¢cm “sec” over this latitude, All
the components of the spectrum including the 0.51 Mev line
o T o ] _ PO -2 ,
was tound to have a transition maximum at 90 ¢ cm and an
. - .
absorption length of 180 g c¢cm™ ., From this he concludes
that the origin of the low energy gamma rays is to be asso-

ciated with the electronic component of secondary cosmic

rays.
‘;QLC:‘/\/Q

, oy 96 . ,
Boclet et al (1963) A carried out 100 channel
spectrometry of the photons in the energy range 0,1 to
)

. . N s O - O,
2 Mev using balloons and rockets fromf\m-4l N and 267N,

NaI(Tl) with a 3M plastic antishield was used in these in-

vestigations, The O, Mov line was again detected, {rom
6r "‘2 I 1 ~ oy b o SR o - e UV . S A
00 g cm o1t atmospheric depth upwards, and its intensity

~
around the depth of transition maximum (9% g cm™ ) was
-1 §

At

. - - 0 -
Tound to be 0.59 + 0.05 cm™ “sec 41"N, The extrapola-~

. . B, S : .
tion vielded a flux of 0.26 gammas cm “sec”™ for this line

, ) - O
at the top ot the atmosphere, Investigations from 477N by
Rochia et al (1965) in the energy intervel 0,1 to 1.5

Mev have shown that the absorpltion length of these radiations
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is of the order of 170 ¢ cm™™ for depths greater than

: -2 : . - ) -~ i
200 g cm 7, An intensity of 0.995 cm "sec was observed for
the annihilation line at 95 g cm = depth, and also a similar
absorption length. These authors estimate that 88% of the

gamma radiation appearing in the atmosphere in the energy
range 0.1 to 1.5 Mev 1s due to the electromagnetic cascades
and the direct emission from the nuclei accounts for a

third of residual 12%,

Recently high wesolution studies of the atmos-

pheric gamma ray spectrum have been carried out by Chupp

O [®
et al (l967)’d. Using a Cgl(Tl) phoswich spectrometer,

they investigated the energy range 0.2 to 0.9 Mev nver

— 0. . ) .y . . - - e
/lm:44 N, At 4 gcm 7, an intensity of 0.29+40.04 ph cm

] . L . .
sec — was obhserved for the annihilation line.

99
have repor-~

Moré recently the same group (1970)
ted on the measurements of the time variations of the low
energy gamma radiation from midlatitudes covering the period
December 1966 to April 1968. Systematic study of the effects
of the crystal size and composition has been attempted in
these measurements. The line structure was again evident at
0.51 Mev, the strength of which varied from 0.16+0.02 to

o .
0.2110.02 photons cm™© sec L over the period of investi-
gation, but no significant correlation of the flux with

solar activity or with small changes in the geomagnetic cut
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ity is found., The value obtained in the later

series of these measurements is consider hly lower than
s . . y ) -1
their previously quoted flux of O¢31+L.\4 photons cm™ ™ sec

tor the annihilation line., They guggest that this could be

~

{

probably due to the method of determining the efficiency of
Y s

. ) : : .
Haymes et al (1”f9)JOL have studied the region 20
to 570 Kev using a NaI(Tl) crystal, collimated by an active

particles,

anticoincidence shield which rejects the charged |
collimates the incoming photons and suppresses events invol-
ving the escape o0f Compton electrons from the central Cry-—

stal. The investigations made from Mi ldura, Australia and

i

from Palestine, Texas, failed to find a line structure at

{

0.51 Mev. They place an upper limit of 0.2 photons cm™%

sec at

for this

line at depths near
- -2 . . . . , .

3 g cm “,  The high altitude spectrum is found to satisfy an
expression of the type

(&} ~ .
— o am-l.87 , ) -1 -l -1
N(E) = 27,8E L photons cm sec ST kev

from 3% to 160 Kev.

The absence of 0.51 Mev annihilation line in detec-

table intensities in the atmosphere has been again pointed

- ey 8 .
out by Womacl and Overbeck (_,L-E)/O)‘]“("'L rece These authors

@]
[
=]
—t
E—.J
»

e

attribute the h erved peak at 511 Kev, in their 4096 channel

analysis of the energy loss spectra for the 30 Kev Lo 6.3 Mev



H4

1

range in supercooled Ge(Li) detector, as due to the local

production in the materials sorrounding the d

o

1.6.3 Gamma _rays from the Sun and other celestial sources

1.6.3 a) The Solar ganma rays

Gamma radiation from the sun results primarily due
to the interactions of high energy electrons, protons and
other nuclei in the solar atmosphere. The inten sity of the
radiation is proportionel to the product of the high energy
flux and the solar gas density in the volume where
the particles interact. TFor theoretical calculations, the

most important source mechanism for the production of gamma

rays in the 100 Kev to 1 Mev range is bremstrauhlung by high

energy electrons., The resultant pheton spectrum is continuous,

Line emissions occur at 0.5 Mev because of positron annihi -
[

lation, at 2.23 Mev because of deuteron formation and se wweral

L

lines throughout the spectrum from 0.5 Mev to 10 Mev because

of nuclear deexcitation, The most important lines in +this

energy band are at 4.43 Mev due to 1%

l() . . . .
to O All the above sources of line emission indicate *he

and at 6.14 Mev due

occurrence of nuclear reactions during a flare or even during
quiet periods. The intensity of the 2.23 Mev line is a
measure of the neutron density in the flare region} Theore-
tical investigations of gamma ray emission based on a sinple

: et 1020 L . - - - ,
flare model 1¢ indicate readily detectable flux from a major
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flare even upto energies of 100 Mev,

In the past, there have been a number of experi-
mental attempts to investigate the solar gamma ray emission
during both quiet and active periods., A gamma ray burst

of 1.8 seconds duration has been detected during a class
o e N _ aeay 103
2 solar flare by Peterson and Winckler (1959) .
diation spectrum was found to be predominantly around
200-800 Kev region and the authors suggest that the emission
could be from the bremstrauhlung due to collisions of elec..
trons with hydrogen. 0CO-3 observations of Cline et al

() (- 7 _1.(,) ‘4 . 13 _ T - .
(1967) also have recorded three rapid solar gamma ray

bursts in the 80 Kev to 1 Mev range,

101, 105-107

Attemptls to measure the quiet time

solar gamma rays have failed to record any detectable fluxes,

but useful upper limits have been placed, Also the search

D

for gamma ray lines of solar origin with a high resolution
4 . e O]
directional spectrometer by Womack and Overbeck (l%/@}l)i

has shown no evidence of emission of any discrete lines,

1.6.3 b) Extrasolar gamma rays

As 1n the case of X-rays, gamma rays too could
originate from discrete sources or from intersteller and
intergalactic space. Many of the production mechanisms

explained earlier in this Chapter might be operative in
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these regions. The low energy region from 0.1 Mev to

20 Mev is characterized as nuclear transition region by

y

. 108 . . ; ,
Greisen (1966)~"Y, 1n this interval, one can expect to

observe line spectra indicative of neutron capture and

nuclear excitation occuring in steller atmospheres or super-

novae; also the 0.5 Mev annihilation line owing to posim

- 109 T e -

trons » Mechanisms responsible for the production of

X~rays like inverse Compton effect can be significant for

] Bem A e e - , 110 . Gt
1@ Case o1 damma rays too., Morrison (1958) was the first

to point out the importance of the measurements of gamma ravys

from celestial objects. Theoretical estimates have been made

of the expected fluxes from Crab Nebula in this paper and in

a subsequent one by Savedoff (l@59)lll who predict flux values
wz -—-2 ""- . -, e 4
of the order of 10 photons cm ~ sec L'in the 30 Kev to

2 Mev range based on nuclear decay processes., More recently

these estimates have been revised by Clayton and Craddock

(1965)11& who predict fluxes which are at least two orders

J

of magnitude lower. A good review of the theoretical aspects

of the emission of gaemma rays from celestial objects is given

. 3
by Fazio (l967)ll”9

114
)

Clayton et al (1969 have suggested that diffuse

gamna ray fluxes in the 1-3 Mev range may be produced by the

e e e e 06 ; - 54 . 56 o (S .

process Ni G.ld \ Co " 77d \ TFe”, if Ni 1s synthesised
. e

in supernovae explosions., Each decay chain produces an
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average of nearly five gamma rays with energies extending

to 3,47 Mev, Detlectable intensities have been predicted

by Clayton and Silk (l@@@)lls by integrating the fluxes

from a resonable rate of supernovae over cosmological dis-
tances, Sltecker (l@é?)llﬁi LL7 on the otherhand pre-
dicts a spectrum of diffuse gemma rays in the low energy
region as due to the red shift of these radiations » resulting
from the decay of 77° mesons generated in remote past, upté

a red shift parameter of 100.

P

But none of the experimental investigations have
so far yielded any positive results on the emission of low
energy gamma rays from discrete sources, For example Haymes
et al (l@éé)llg have looked at Crab Nebula in the ~ange

23-455 Kev and Cen A™Y in the 342567 Kev interval usin

(i)

1
balloon borne telescopes. No detectable intensities of pho-
ton emission from Crab above about 100 Kev were present,
whereas in the entire energy range of observation Cen A

failed to vyield any positive fluxes.

1.6.4 Experimental difficulties in the def ion and
measurement of celestial photon flux above 200 Kev
enerqy atl balloon altit udud.

From the experimental standpoint, the measurement
of low energy gamma rays of celestial origin is made diffi.

cult because of thelr expected weak fluxes. For example,

the number of primary X-ray photons in the 20-200 Kev interval
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is about 2 cm™“sec g 1f we assume a typical number
/:7 . .
spectrum distribution of the type 200E™° photons

1 -1 : .
cm “sec Tsr “kev T, On the otherhand, assuming the spegtrum

’ p :341_
e T SO MU 2 N RS I I N
of 30E photons cm “sec” "sr” T kev for the intersteller

. : N ) s =2
gamma rays ol energy greater than 200 Kev, we have 0.12 ch

sec™Tsr™l for the ZQELOOO Kev range. Comparing the flux of

primary X-ray photons with 0.1 c.m“/“):ec"lsr”"L for the inten-

n

sity of primary charged cosmic rays at midlatitudes. it is
) \l/ 9

crimination between the

o)
.
wn

clear that elaborate methods of

former is atleast an

)

two components are unnecessary, as the

order of magnitude greater than the latter. On the otherhand,

at normal balloon altitudes, the fluxes of primary and
secondary particles are much greater than those of primary
gamma rays above QOO Kev, making background rejection a
major difficulty,

ol

From the point of view of detector also, the short
range of X-rays in matter makes possible to construct light
weight detectors having high etficiency, Typical conversion
lengths are of the order of few milligrams per square cms
whereas for gamna rays the length is of the order of few
grams CT}MQo The area requirements are also larger becéuse
of the smaller flux. X-ray detectors being usually of Cry-—
stals ot smaller thickness have low secondary background

properties, whereas in more massive gamma ray dete ctors,the
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secondary production is very copious. Moreover the short
range of X-rays results in little albedo from the atmosphere
with the ascociated easse of shielding ageinst it; whereas

the gamma albedo is many times more than the expected primary

gamma flux, Filtering of these local gammas 1s difficult

because of the necessity of thick and macsive shields, the
required weight increasing as the cube of the absorption
Length of the radiation. These shields also then become the
sources of secondary radiation. In spite of these experimental

e

problems, because of the considerable theoretical interest,

bt

there have been a number of attempts to detect this radiatio

in the energy region beyond 200 Kev.

1.7 AIM AND SCOPE OF THE PRESENT WORK,

The work presented in this thesis is a part of an
perimental program initiated at the Physical Research
Laboratory since 1963 to study the nature of the X-rays and
low energy gamma rays in the energy range 20 Kev to 1 Mev,
upto highest possible balloon altitudes near geomagnetic
equator. At the time when this planning was made, our know-
ledge of the cosmic diffuse X-radiation in the 20-200 Kev
range was at best meagre, and practically no information
existed beyond 200 Kev. ALl the reported measurements on low

-L

energy atmospheric photons above 100 Kev were confined <o

midlatitudes or high latitudes. While the situation regarding



the information on low energy atmospheric photons over low
latitudes has not changed since 19623, a fair amount of work
has been done by different groups towards establishing the
existence and the spectral nature of Lhe diffuse radiation
in the 20-200 Kev rTange, by mea surements at balloon altitudes,
Even then, for this energy range, the details of the nature
of the secondary atmo yqfilt background, the knowledge of
which is highly desirable to fix the true level of the diffuse
cosmic background, are not completely known and no serious
attempt has been made to analyse and understand the peculia-
rities of these cosmic ray induced back ground eftfects at

different latitudes, till now.

In one aspect of the present work, the possibility
of detecting cosmic X-rays at small atmospheric depths over
Hyderabad, India (A _=7.8 N)vortlc 1l cutoff rigidity 16,9 GV)
has been explored with a X-ray telescope designed for the
detection of 20-200 Kev photons, By using the counting rates
versus atmospheric depth measured in the experiment, the in-
tensity of the cosmic diffuse A-rays is derived between 20
and 130 Kev in four enerqgy intervals i.e. 20 to 46 Kev, 46
to 74 Kev, 74 to 102 Kev and 102 +o 130 Kev, Upper limits to
the cosmic diffuse K-ray fluxes have been also placed in the
146 to 174 Kev and 174 to 202 Kev intervals, As the experi-

ment scanned 4 region of the celestial sphere betw

I

i

n

{1
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declinations 377 and -
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hitherto known to be devoid of any cdiscrete X-ray sources,

the result correspondi
piece of information T

cosmiCc X-rays in

In addition,
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This has been done by

observed counting rate
from various possible

tudes., Such a breakdo
into its various const
tive importance gives

sible for its origin.
by calculations using
responsihble for these
c

input parameters like

crystal efficiencies.

the data available for

is direction is an additional

ng to th

o the data library of the diffuse

the 20 to 200 Kev range,

the present work also

roperties of X-ray ltelescopes used in

ions in the energy interval 20-200 Kev.

estimating the contribution to the

s at an atmospheric depth of 7 g cm

candidate sources for eqguatorial lati-

wn of the teotal secondary background
ituents and establishing their rela-

an insight into the mechanisms respon-

Part of this evaluation has been done

known fluxes of secondary radiations

effects along with other requisite

interaction cross sections and the

of

S

For the rest, use has been made

the equatorial station, Hyderabad,

from the present experiment and of the results published by

with rigidity cutoffs

the estimates are made

at 2.2 GV, 5 GV and 11.4 GV. Though

for the specific case of the detector

O O

attempts to under-
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used in the present experiment, cualitatively and to a good
extent quantitatively most of the conclusions drawn there-
from should be true for detectors of similar configurations,
The study has been made at 7 g cmm2 because the effect of
cosmic X-rays are felt reasonably well at this depth and

also to enable comparison with high and midlatitude obser-
vations. Use of the ohservations made at four different cut-
off‘rigidities provide sufficient latitude coverage to dis-

cern latitude effects,

Based onthe results so obtained, a critical evalua-
tion of the various experimental techniques adOptable to X-ray

detectors to be flown from equatorial latitudes is made.

The other aspect of the study presented in this
thesis involves the observations of low energy atmospheric
gamma rays in the energy range 135 Kev to 1123 Kev down +to
6 ¢ gm”z atmospheric depth over Hyderabad. Such a study is
highly desirable firstly because of the lack of any infor-
mation about these photons over low latitudes. Secondly,
as low secondary background is preferable for astronomical
observations, equatorial latitudes are suitable locations
for balloon borne gamma ray astronomy experiments. Detailed
knowledge of the nature of the background is a prerequisite

Tor the design of astronomical detectors with optimum
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characteristics, the infeormation for which‘could be gained
from experiments like the present one, Thirdly as mentioned
earlier, céntinuous and line emissions Trom sun are possible
both during quiet and active perieds., The intensity of

0.5l Mev line for example may undergo time variations because

£ . - : 108 . . C
of the varying activity of the sun™™%, As the time variations

of the primary cosmic ray are rather large at high latitudes,
the 0.5 Mev gamma rays, most of wbich are secondary also
undergo similar time variatiohsé - On the otherhand because
solar modulation induced timé variations are less by many
factors over equatorial latitudes% 1t should be easier to

study the fluctuations in the intensity of this line of astro-

physical origin from equatorial measurements.

In the present experiment, using a detector of omni-
directional response, the spectral analysis of the energy
interval 135 Kev to 1123 Kev is made in twelve channels,

The twelve @nérgy intervals are 135-200, 200-265, 265-320,
320-380, 380-45%5, 455.507, S07-569r, 569-643, 643-728, 728-843
843-978 and 978-1123, Also events involving enerqgy losses
greater than 1123 Kev are separately monitored. In addition
to determining the nature of the continuous spectrum at
various atmospheric depths, the 0.5 Mev line is resalved

and its intensity is estimated as a function of atmospheric

depth, By comparison of the various parameters for these
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atmospheric photons including 0.5 Mev line, like absorption
length and depth of transition maximum, with similar para-
meters of other secendary components, 1t is attemptedtn urdep
stand their origin in the atmosphere., Comparison is done of
the intensities measured in the present experiment with

similar results from high and midlatitudes to understand the

details of the latitude effect,

In addition, the results ,obtained by flying the
continuous monitoring unit of the University of Minnesota in
a number of flights are also presented in Appendix I. This
information has been used for interpreting certain aspects
of the atmospheric gamma radiation described above. Besides
this, an accurate cosmic ray ionization rate~atmos pheric
depth relationship has been established for this station, As
the time variations are small at’equatorial Latitudes, and
the chamber can measure the ionization rate with good sta-
tistical accuracy, it is felt that this piece of information
will be of use for comparison with data from other OXperi-
ments for the measurement of different aspects of secondary

and primary cosmic radiation at this latitude.
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EXPERIMENTAL DETAILS.

2.1 X~RAY TELESCOPE.

The detector used in the experiment

for the measure-

ment of diffuse cosmic X-rays in the energy range 20-200 Kev

was a cylindrical Nal(Tl) crystal, 4.54 cms in

diameter and

1.27 cmiin thickness, coupled to a RCA 6655 photomultiplier.

. o S : . -2 : L gl £
An aluminium window of 200 mg cm thickness covered the front

end of the crystal.

A cylindrical graded-shield of lead

and brass colli-

mated the incoming X-rays to a semi-vertical opening angle of

207 in the forward direction. A similar graded shield disc

was placed below also. Annular plastic scintill

the metallic collimator on either side, A disc

te

cylinders, The entire plastic scin

ators covered

tillator assembly was viewed

by a RCA 8055 photomul+ti iplier through a diameter matching

perspex light guide, In Fig 2.1, the details of +the telge

scope assembly are shown,

N

ol Nal(Tl) SCINTILLATOR.

2.2.1 scintillation Counting Tec chnicue.

The technique of scintillation coun
ection of ionizing radiations is extensively
! : 120-122 . : .
the literaturel< .The sequence of events in

Can be summarised as follows,

ting for the

described in

this technique
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Electromagnetic interaction between a charged par-
ticle or a photon of energy E with the atoms of the scinii-
llator results in the deposition of a certain amount of

energy fE in this medium where { <« 1. Part of the energy,

R

so dissipated, gets converted into photons in the visible
region. The ratio of the energy going into the optical
photons to the energy deposited is termed as the optical
efficiency Cp of the scintillator used. A part of the emitted
photons is then transmitted to the photocathode of the phow
tomultiplier. This fraction is dictated by the transparency
Tp of the crystal as well as by the light collection effie
ciency Fp of the crystal-photomultiplier assembly, Pp being
the fraction of photons which will reach the photocathode if

5

Tp is 1. These photons impinging on the photocathode result
in the emission of photoelectrons, the number depending on
the quantum efficiency Q of the photocathode, A fraction F.
of these photoelectrons collected by the first dynode, is
subsequently multiplied by a total factor M by this and the
following dynodes, before they are finally collected by the

anode, The total charge 'q' so collected at the anode of the

photomultiplier is then given by
=fEC T F QF Me
ATHEC, T e

where 'e' is the charge of an electron.
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2.2.2 Photon Interactions in NaI(Tl).

In the case of photons having energies between 10
Kev and 1 Mev, the mechanisme leading to the energy loss in

a NaI(Tl) crystal are +he photoelectric and Compton effects.

2.2,2(4) Photoelectric Effect,

In the photoelectric effect, the photon interacths
with the atom as a whole, which absorbs its entire enerqgy h2)
resulting in the ejection of an electron from K or I shell,
The atom rebounds conserving the momentum, and the ejected

photoelectron carries away most of the kinetic energy which

is given by

where E is the binding energy of the orbital electron.This

@

leaves the atom in an excited state, and returns to the

ground state by the emission of one or more characte

v

ristic

(i

52}

X-rays with a total energy Ey. For practical purpo

45

o
T2

these are emitted coincidentally with the photoelectron,

{

Because of the high density of the crystal material ,normal ly
complete absorption of the electron energy as well as the
Tlourescent X-rays takes place in the crystal, resulting in

1

the total absorption of +

-

e energy of the incident photon.

4
i

1

This catastrophic disappearance of the photon in a photo-

electric interaction makes +he attenuation of a beam of Xerays
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D

by this process truly exponential, and hence can be repre-

sented by the formula

b

ol O / o = 4 - o NP . — RN N - - I SN S N S
Wh@l&fip<hj>) 1s the photoelectric absorption coefficient
and is strongly energy dependent, The dependence of%ﬁb on

the charge number Z of the medium as well as the photon

. L 123
energy h» can be adequately Tepresented by™©
. { Y \

/Lp(hw)zconst éWMWM?

(hy)J

2.2.2(b) Compton Effect,

The Compton effect describes the collisions of
photons with atomic electrons, which can be considered as
free for sufficiently high photon energies, The application
of the laws of conservation of energy and momentum %o the
collision of a primary pheton with a free electron leads to

the expression

h)
(I-cos @)

hy) i

hetween the direction of the scattered

h
i

Where ©@ is the

D
&3]
O
et
(D

- ! e , L .
photon (of energy h») and its incident direction, ande&l is
the ratio of the photon energy, hw , before scattering +to

-
e . - . -
mOC » corresponding to the rest mass of the electron, The

maximum loss of energy to the detector in a single Compton
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interaction occurs 1

1807 and is agiven by
o P

This value is often called the Compton edge. Since the photon

only partially in

survives in the process (its enerqgy

a single Compton interaction) ,one can speak of both an attenua-

tion coefficient for its removal from a beam and an 'energy
absorption' coefficient characterizing loss of energy from
the photon beam, If the initial beam is parallel, then the
the photon

attenuation coefficient characterizes removal of

from the beam. For small thicknesses ( dI not large) , the pro-

15
O

bability of multiple Compton scattering is negligible and
one can consider this too as an exponential process with an

attenuation CO@ffiCi@nﬁlﬁLC, similar to the photoelectric

3]

ITte

(’7\

2ct.
Since the Compton mechanism involves interaction of
the photon with a single electron, the attenuation coeffic ient

of this process in a material depends upon the number of

N

lectrons 'n' per g cm™ which in turn goes as Z/A and whose
value is of the order 1/2 for all elements except hydrogen

tor which Z/a=1, Thus the Compton attenuation and absorption
coefficients at a given ehergy are nearly independent of the

material, The total attenuation coefficient for both photo-

electric and Compton mechanisms can then be represented by



from the above nsiderations that, for

the complete absorption of the photon cneragy, 1t 1s desir-
able to have photoelectric interaction dominate in the
detector, As the cross section for this process depends
ocurth power of Z, detector with high atomic number
is favourable In NaI(Tl), it is therefore clear that iodine
with Z=53 will play the dominant role in the photon absorp-
tion process by photoelectric effect. In Fig.2.2, the absorp--
tion coefficients of photons in NaI(Tl) for the processes

discussed above are shown.

About 10% of the energy dissipated in the NaI(T1)
1s converted into visible 1icht. Thus an energy loss of 1 Kev
in the crystal results in the production of about 30 optica
photons, The emitted photons have a maximum around the
wavelength of 4200 R, and decay with a time constant of about
250 nanoseconds, Lineari Lty of the light output with respect

! . D4
to enerqgy is reasonably r;;n:mdl'Z

» The transparency of the

scintillator to its own radiation i

5 nearly 100%. with /?"\120 3

reflector and CHQE@Ci;(HNJpljJWg of the crystal to the photo-

multiplier, nearly all of +the photons emitted, are collected

by the photocathode, RCA 6655 photomultiplier tube used has
-

a cathode diameter of 5 cms with S5~11 response,i.e. sensiti-

t
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‘ b4 . , ) !
vity to optical photons is peaked around 4400.A.The quantum

efficiency of the photocathode is about 10%. The typical
maltiplication factor of this tube according to the manufac-

turers ls l45xl06 at an operating voltage of 1000,

2,3 ENERGY RESOLUTION OF THE DETECTOR.

The various processes outlined above starting from
the enerqgy loss in the crystal to the final pulse output at
the anode are subject to statistical fluctuations. The quan-
titative theory on the nature of these fluctuations and
1
[

b

method of optimization have been given by Breitenberger (1952

The only relevant point to be noted here is that, because of
this effect, one to one correspondence does not exist between
the charge collected at the anode and the incident photon
energy. Owing to this reason, arrival of the photons of unique
energy leads to a distribution of pulse heights at the anode.
If the entire photon energy is absorbed by the detector, an
assumption which is reasonable for the size of the crystal
used in the present experiment for energies upto 200 Kev,the
corresponding statistical fluctuations are negligible. But,
rest of the processes still lead to a distribution in the

observed pulse heights corresponding to monoenergetlic photons,

The resolution of the detector is a measure of the

extent to which radiation of a unique energy produces pulse



heights of a single value. To determine the resolution
characteristics of the detector 1n the present experiment,
the set up shown in fig 2.3 was used and the follewing pro-
cedure was adopted, The current pulses produced by the ra-
diation detector developed voltage pulses of fast rise time
(250 nsec) and slow decay time across a 100 K load resistor
connected at the anode of the photomultiplier tube. These
pulses were fed to a general purpose lJ.e v oamplifier ( type
PA 520P of ECIL, Electronic GCorporation of India Limited),
which satisfied the requirements of high gain, stability,
wide gain control range, linearity, good overload characteri-
stics and low noise. The pulses were shaped to a width of
4.4 microseconds by choosing the appropriate RC differentiat-
ing time constant. The gain of the amplifier was adjusted so
that the pulse height corresponding to the highest X-ray
energy of interest, in the present case 200 Kev, fell withip
its saturation level of 120 volts. The amplified pulses were

fed into a single channel analyser (SC 600 of ECIL). The

<4

analyser at its differential terminal provided an output

i

only if the input pulse from the amplitier lay between two

-

preset voltages., ALl pulses above the upper voltage and below
the lower limit were rejected, The lower voltage level was
set by the adjustment of a ten-turn helical potentiometer

which determined the discriminator bias and hence the base
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line. The upper voltage level was Tixed by the window-width
adjustment, The differential output thus corresponded to

two voltage

the pulses hetween the

These pulses from 5CA, randomly spaced in time,
were converted into an dverage count rate by the éuba@quent
linear and log rate meter (type RM 421 of ECIL).This meter
displavyed the average count rate by integrating the charge

built up across the tank circuit of a conventional diode

pump svystem,

With this sel up the recolution characteristics of
the detector were determined using radioactive isotopes
emitting X-rays of known energies. The table 2,1 summarises
the characteristics of some of the sources used,

The sources were placed one after another over the

]

detector and the reading of the count rate meter correspond-
ing to the differential output of SCA was taken for the C Ol
plete pulse height spectrum. Fig 2.4 shows the resulils S0

obtained,

A quantitative value for the resolultion of the
detector at a particular enerqy E is given usually in terms
ot the parameter, full width at half maximum (FW%M),d@fin@d
as

F M= 5:;;5 X 100%
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where /A E is the width of the distribution at half the value
of the peak corresponding to E as.shown in Fig 2.4, FWM
values for the detector used in the present experiment were
found to be 57%, 30% and 20% at 30 Kev, 60 Kev and 135 Kev
respectively., The pulse height distribution usually follows a
normal error curve. This means that the resolution probability

density that an enerqgy loss E results in a chaxge pulse equi-
‘ W2
— (£ -F'

F ( E:) = 9 = "/* """" - s sl a szg) CG*?Q&LFLQ/

1
valent to loss E 1is

FLlHM_
ifole)]

o (E)= O hay =

In Fig 2.5 is shown the energy dependence of o (E)
2.4 SRADED SHIELD COLLIMATOR.

To increase the sensitivity of the detector to ra-
diation coming from a specific direction in relation to the
ambient omnidirectional background, it is necessary to impart
a directional response to the bhasic NeI(Tl) detector which has
omnidirectional properties. This can be achieved by putting
the NaI(Tl) detector in a cylindrical tube of graded shield,
which is made out of tubes of different metals, tightly fitt-

ing one over the other, the outermost being lead.
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Thus the X-rays coming from the sides are absorbed
by a lead cylinder, which because of its high Z(=62) will
have a large photoelectric cross section. Very Teasonable
thickness, of the order of 2 to 3 mms, can efficiently absorb
X~rays of energy upto 200 Kev to more than 90%. But one
problem of using lead alone for collimation is the generas -
tian of flourescent X~rays. In the 20-200 Kev range, the

¢

flourescent X-rays from lead is a source of spurious back-

¥
48]
—
-
n

ground as enerqgy is peaked around{&@yggy, To absorb

these X-rays, the internal side of the lead shield is lined
with a material having reasonably good absorption cross %mtimi
at this enerqy, but whose flourescent X-ray energy is much
lower., 5n or Cd are suitable for this purpose, but they have
their flourescent spectrum peaked around 30 Kev which again
falls in the region of interest. Therefore an additional
absorber of lower Z, Cu for example is used which absorbs
these 20 Kev X-rays efficiently, but the energy of whose
flourescent X-rays is 10 Kev which is normally below the
threshold of detection. In this way by successively degrading
the flourescent X-ray energy, i.e. by absorption at higher
*nergieg and Te-emission a2t lower energies using materials of

lower and lower Z, it is possible to cirvcumvent this probl@%“,

In the present experiment 2.5 mm of lead followed
f { <o

by 3 mm of brass was used., Prass, composed of copper and zinc
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in approximately equal amounts, has wts flourescent spectrum
peaked around 10 Kev, which is below the threshold of detect-
ion, i.e. 20 Kev in the present case. The alttenuation factor
of 200 Kev X-rays for lead is of the order of 95%; whereas
for the 86 Kev flourescent X-rays from lead, the brass offers

an attenuation of more than 90%
2.5 PAYLOAD ELECTRONICS

Fig 2.6 shows the block diagram of the electronics

used in the payload,

2.5,1 High Voltage Power Supply.

DC-DC converters were used for the supply of high

veltage to the photomultipliers viewing the NaI(Tl) and the
plastic scintillators The RCA 6655 was supplied with +1000

i_ 1

volts at the anode and the RCA €055 viewing the plastic had

a supply voltage of +1200.

Fig 2.7 shows the circuit diagram of the DC-DC
converter, The system basically consisted of an oscillator
made out of one section of the winding of an Ouncer transformer
0-2 of the United Transformer Co., and an AC~-128 transistor in
association with feed back condensors and resistors. The
scillator frequency was roughly 4 Kc/s. The output voltage
of this oscillator was quadrupled by a condensor-diode arrange-—

ment in the usual Cockroft-Walton configuration. This stepped
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up output was then filtered by using suitable RC networks

and finally stabilized by Victoreen Corona discharge tubes
(like GV 3A - 1000). The input supply to the DC-DC converter
was also stabilized by zener diodes. The entire high voltage
assembly was placed in a copper box for electrical shield-
ing. It was further potted under vacuum with RTV3110 of Dow
Corning, to avoid corona discharge problems at high altitudes
due to low pressures. Similar potting was done to the base

of the photomultipliers where the bleeder network and decoup-

ling condensors were wired.
s

The potted power supply with the photomultiplier
crystal assembly was then placed in a vacuum simulation
chamber, and the rates corresponding to a radiocactive source
were monitored. The pressure inside the chamber was
radually reduced to 0.5 mm of Hg and the rates were checked

under low pressure conditions. Absence of any change in the

observed count rvates during the entire operation ensured the

flight wort ess of the system.
2.5.2 Pulse-processing Circultry,

Pulses from the anode of the PMO65D viewing the
Nal(Tl) crystal were shaped at the input section of a pulse
preamplifier to a decay period of l@?ﬁhseca The rise time

L

of the pulse was dictated by the luminescence time ol the



86

scintillator, which is 0.25 microsecond for the NaI(Tl).The

o)}

preamplifier, mounted near the base of the photomultiplier
to reduce capacitance effects, amplified these pulses by a
factor of three and the output was taken from the collector
side, In this way, the subsequent stages having low input
impedances were operated in the current mode. Two resistors
connected at the output end of this preamplifier divided the
current pulse into two different levels. These were then
used as inputs to the two subsequent pulse amplifiers of

conventional design.

The outputs of these twqe amplifiers were split
at eight different levels of current by wing adjustable re-
sistors. These pulses were subsequently fed to separate
current sensitive discriminators. The current discriminators
had tunnel diodes as sensing elements which produced a vol-
tage discontinuity of 500 millivolts at 1 ma. Voltage change
of this magnitude was sufficient to switch on the first
2N711, which in turn triggered the asscciated monoshot ciz-
cult. The monoshot provided 2 micrésecond positive and
negative pulses for use in further logic.

The two resistors at the preamplifier end and the
elght resistors at the outpult of the two subsequent pulse

amplifiers were adjusted so that the different discriminators
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fired at different thresholds; in otherwords, they determined

the level of the output pulse of the amplifiers at which each

of the discriminators was triggered.

To understand the rest of the logic, it will be

helpful to analyse the sequence of events with respect to
only two discriminators, marked Dl and D2 in the simplified
circuit diagram given in Fig 2.8. Let V, and Vo, be the output
levels of the preamplifier at which D, and Do fired, vy being
less than Voo In the normal states of Dl and Dy the input
side of TIG(1) was at +1.5 volt whereas that of TIG(2) was at
6 volts. This resulted in TIG(1) being forward biased and
TIG(2) reverse biased, as their common end was at a negative
potential, less than 6 volts. The enable pulse from Dy could
trigger the monoshot section of the AND. circuit under these
circumstances. But if D, was also triggered resulting in an
inhibit pulse, TIG(2) got forward biased. The enable pulse
then found a low resistance path through this section to the
ground and hence would not actuate the AND monoshot. It is
therefore clear that an output at the AND circuit was avail-
able only if the level of the signal at the preamplifier lay

between \/l and Vs .

A further condition which the logic had to satisfy

for the identification of genuine X-ray events was the absence
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of a simultaneous pulse from the discriminator sensing the

events in the plastic scintilletor, For this, the pulse from

ic scintillator was sul-

[l

the photomultiplier viewing the plas
tably amplified and fed to the discriminator Dp“ If its height
was above a preset level Vp (how this was done i1s explained
later) the discriminator Dp got triggered resulting in the
generation of a fast rising negative pulse Pp at its monoshot
section, The monoshot M, was triggered by the leading edge

of this pulse. The trailing edge 6f the positive pulse from
the AND circuit could trigger the monoshot Mo only if Ml was
in its stable state, In the trigoered state of Ml3 transistor
Tl was set into non-conduction, resulting in the appearance of
7.5 volts at its collector, This voltage reverse bhiased the
diode TIG(4) for a time equivalent to the pulse width of M, .
The pulse at the input of My was, therefore, blocked and
prevented from trigaering Ms. This configuration of Ml and
Ms thus acted as an anticoincidence circuit.

As @ redundancy to this, the pulses from Ml and M2
were interrogated at the transistors Te and T.. The presence

of the positive pulse from Ml inhibited that from Mo (if this

was accldently triggered) from appearing at the common
collector load R. The pulses at various points had been adjustal
both in their width and delay for the reliable operation of

the logic, The nature and various delays of the pulses are
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also ghown in.Fig 2.8.

The pulses appearing at the common collector load

and T, were then scaled down. Scalers used were of the

of T I,
D

5
saturating type and triggering was carried out through stecr-
ing diodes. These scalers were so designed that they worked
satisfactorily upto about 100 Kc/s. A scale of 32 was used
for each of the seven differential channels. For the integral
channel a scale of 64 was used. The output ends of the scalers
of different channels .were connected to monoshots which gene-
rated pulses 50 millisecond wide, These pulses were then fed
to the telemetry section for appropriaete processing and trans-

mission.

2.5,3 The Telemetry Seclion,

This consisted mainly of subcarrier oscillators of
sujitable frequencies corresponding to IRIG channels and a low

power transmitter.

Subcarrier oscillators used were of the phase shift
type, oscillating at a definite freguency in the absence of
input modulating voltage. The circuit used is shown im Fig 2,9,
Trapsistors Tn and T, formed an emitter follower-amplifier
combination which with the feed back consisting of three element
RC network (giving an 180° phase shift) made the whole system

an oscillator. One part of this phase shifting RC networlk,
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consisting of a stabistor SG 22
s}

—~

dicde with tightly controlled
forward characteristics) with associated resistors formed the
frequency modulating section. The signal appearingat the
input end changed the forward current through SG 22 and hence
its forward resistance., This in turn changed the RC time con-
stant of that section and hence the frequency of the oscillator.
The circuit had satisfactory linearity for frequency deviation
with respect to input voltage, within 5%. The circuit was
checked for temperature stability between ~10°C and +EOOC,and

the drift was {found to be le

(3]

s than 7% of the bandwidth., Tem-

perature compensation for reducing the frequency drift was

achieved by thermistor-resistor combination in the phase shift.
by

network as well as, zenor diodes at the power supply section,

A low output impedance was achieved by a simple emitter follower.

To enable the identification of the outputs corres-
ponding to the eight informations, a voltage dividing resistive
network was provided at the output of each of the eight mono-
shots, The voltage available for modulation of the subcarriers
were adjusted by the resistors so that each intormetion

deviated the subcarrier frequency to a different extent.

Two subcarrier oscillators, with frequencies 10.5
Kc/s and 14,9 Kc/s, were used in the present experiment. Each

of thanwere fed with four informations. The output of these

R -1
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subcarrier oscillators were mixed by a high impedence sumrming
network which eliminated the possibility of interchannel
coupling between different oscillators. The linear summing
amplifier circuit is given in Fig 2.10. A double emitter
follower in bootstrap mode provided the necessary high impe-
dence at the input,

o

The mixed output of the summing amplifier appear-
ing at a low impedence level was about 3 volts and was fed to
the modulating terminals of the transmitter. The transmitter
consisted of a 108 Mc/s oscillator and a grounded base power
amplifier., The output tank circuit of the power amplifier
was suitably tapped to match the impedance of simple dipole
transmittiﬁg antenna. The frequency modulaticn of the trans-
mitter was done at the tank circuit of the oscillator by
means of a varicap dicde (SC~2 of Transitron).The capacitance
of the diode varied with the voltage signal and deviated the

carrier {requency within + 100 Kc/s.

The ground receiving station used is shown in

Fig 2.11. The telemetered signal was received at the ground

by a 6 element Yagi antenna feeding into a Nems Clarke Type
1201 receiver. The video output of the receiver which is the
subcarrier multiplex was demodulated by a bank of subcarrier

discriminators., The data output so obtained was registered
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on a SEFRAM five channel galvanometric strip charl recorder.
A timing motor in series with cam and microswitch generated
pulses at ZO sec intervals as time marks which were also Te-

gistered on the chart.

2.6 CALTBRATION,

2.6,1 Calibration of NaI(Tl) ¥%-ray Detector.
Calibratisn of the detector establishes precisely

the relationship between theenergy loss in the crystal due to

a photon of specific energy and the corresponding pulse

heilght.

For this, radioactive sources, already mentioned
in connection with resolution studies, were used. A rough

i1dea of the pulse height for a given energy loss in the cry-

)

stal was obtained hy monitoring the cutput of the amplifier
on a CRO screen. Amidst the pulses of different heights,one

MENPN

could easily see a bright patch localised within a certain

narrow voltage interval corresponding to the energy losses

~

‘centered around the energy of the source,

To measure more accurately the most probable
voltage corresponding te a particular energy loss, the pulse
helght spectrum for a2 given source had to be studied. For
this purpose the set up mentioned in connection with the

measurement of the resolution was used. The output of the
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preamplifier was fed into the linear amplifier, the gain of
which was adjusted suitably as explained before, and the
pulse height spectrum was measured for different sources with
the SCA and the counting rate meter, These sources gave peaks
in the counting rate versus pulse height (or channel number)
plots corresponding to the appropriate energies, as shown in
Fig 2.4. The voltages at which these peaks occurrted were then
inferred as the most probable outputs corresponding to the
appropriate energy losses., Dividing this voltage by the gain
of the linear amplifier then gave the voltage at the output
of the preamplifier for a particular energy. This procedure
or at least three or four different energies.
Fig 2.12 shows the output voltage plotted as a function of
energy as observed by the author for his detector. Good
linearity is seen between theééifwo, indicating the linear
response of the detector - PM combination as well as of the

amplifiers used in the paylcad in the energy region of interest.

Having thus established the correspondence between
the energy and pulse height at the amplifier output, it was
necessary to fix and exactly determine the thresholds correg-
ponding to different discriminators i.e. the output levels of
the amplifier at which different discriminators were triggered;
For carrying out this, preamplifier input point at which the

PM pulses were fed, was connected to a pulser whose output
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could be made to simulate the photomultiplier pulses, at a
repetition frequency of about two Kc/s. The output of this
amplifier was taken through two adjustable resistors to two
similar amplifiers whose cutputs were in turn fed to the
elght discriminators, as already explained for the flight
configuration described in 2.5.2. From the graph giving
the energy - output relationship, the energy range 20-200
Kev was divided into seven approximately equal energy inter-
vals of A E each, which in turn was equivalent to A V volts
at the amplifier output. Taking the lowest threshold
voltage corresponding to the enerqgy rear 20 Kev to be V and
monitoring the output of the preamplifier with CRD, the
pulser output was adjusted, so as to get approximately this
voltage, Then the geries résistance at the input of the
first discriminator was set sultably so that it fired just
at this voltage, This procedure was repeated with the

voltage V +/V for the second discriminator, VH2AV for the

o

third and so on for all <the eight discriminators.

4

To accurately determine the firing voltages, the

output of the preamplifier was also connected in parallel

to the ECIL linear amplifier, SCA and count rate meter com-

1

bination. The output of the pulser was adjusted so that the

firvst discriminator just fired. The position of the helical



potentiometer of SCA was then set, so that this also just
fired, as indicated by the sudden appearance of two Ke/s
pulses at thé count rate meter. The position of the helical
potentiometer was noted at this setting. Next tb@ pulser out-
put was adjusted so that the second discriminator fired and
the position of the helical pot was agaein determined similarly
and so on for all the discriminators,

Finally, replacing the pulser by the detector -
PM assembly, the pulse height distribution was studied with

radio active sources without disturbing the setting of the

linear amplifier. From the known positions of the peaks in
relation to the helical p tentiometer settings as well as the
potentiometer positions corresponding to the thresholds of
the discriminators, it was easy to decide the energy threshold
corresponding to each discriminator. The settings for the
different channels carried out in the menner detailed above

are given in table 2.2,

2.6.2 Fixing the Threshold for Plastic Anticoincidence
Shield.

As each of the two plastic shields surrounding
the collimator was of 1 cm thickness, most of the relativistic
Oor near relativistic particles traversing the shield inter-
acted with at least 2 cms of plastic. For relativistic

protons or/{L,mesens, the corresponding energy loss is of the
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.
ST . 241 . . o :
order of 4 Mev. The Am™ "~ source which gives 5.5 Mev alphas,

when placed near the lower end of the plastic shield gave
pulse height distribution of the type shown in Fig 2.13,From

this pulse height distribution, the amplifier output corrvespond-
241

ing to 5.5 Mev enerqgy loss of am® alphas was easily evaluated.
‘o . . L ‘ - .
AS the‘/%\ratlo for the plastic is of the order of 0.1, this
/D

correspond to an energy loss of 5%0 Kev for electrons.Assum-—
ing linearty, the discriminator setting was made so that it
triggered for pulses with equivalent energy loss of 200 Kev.
As this pulse height was at least an order of magnitude lower
than that expected due to velativistic protons or - mesons,
charged particle background was easily eliminated.

-

For the energy loss events near the top end of the
plastic cylinders, about 30 cms away from the viewing end of
the photémultiplier, some absorption of light output in the
plastic was expected. To evaluate the extent of attenuation,
the light emission characteristics of a cylindrical rod of
about 40 cms length and 4 cms diameter were studied. This was
done by taking the pulse height distributions of Am24l source,
when placed at different points along the length of the rod.
Fig 2.14 shows the attenuation characteristics. The abscissa
represents the distance 'x' of the source from the PM cathode,

while on the ordinate, the value of the voltage peak T for
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that position as determined by SCA is used. It we represent
the attenuation by an exponential function of the type
o =%/ X ) s . e e ceeder of
L=l e o, the characteristic value X 18 of the order of

. C
150 cms., This shows that for the length of antishield used,

the attenuation expected was about 30 to 40% so that the

threshold for events near the top was of the order of 200 Kev.

& photograph of the entire payload is shown in
Fig 2.15. The detector system was fixed on the top while the
lower portion contained the flight electronics This entire
assembly was fixed on thé top of a wooden box inside which
the battery packs supplying power for the various sections of
the electronics were located, The box was lined with one
inch thick styrofoam for heat insulation. The entire system
was then housed in a box made out of styrofoam sheets two
inches thick. It was finally wrapped with greenish polyethe-
lene sheets for conteaining solar radiation. Prior to launch-

ing the box was put inside a pamboo cage and suitably tied to

the load line. The weight of the payload including hattery

pack was 20 Kgs.

2.7 GAMMA RAY PAYLOAD.
2.7.1 Gamma Ray Detector.

The basic gamma ray detector was a cylindrical

Nal(Tl) standard line assembly of Harshaw Chemical Companvy,



Fig. 2.15. Photograph of the X-Ray Payload.




106
U.S.A., This crystal of 5.1 cms x 5.1 cms dimensions had, at
the front end, an aluminium window with an equivale mass
T, ~ "‘2 - - YA - o= Fo o L
01 X00ny cm ™, It was divectly CHUplCO to a RCA 6655 photo-
multiplier at the transparent end. This combination was
encased in an annular plastic scintillator shield with suitable

discs at the top and the bottom. Further, the bottom end was

o

optically coupled to a similar photomultiplier, as for NaI(Tl),
Aluminium foil reflectors were used with the plastic scinti-
llator for improving the light collection effic’ ency, The

gamma ray detector had an omnidirectional response. In Fig 2.16,

the relevant details of the detector assembly are shown,

The central crystal was put in anticoincidence with
the plastic scintillator to eliminate the events induced by
charged particles, Most of the considerations discussed in
connection with the X-ray experiment like detection mechanism,
resolution, calibration, telemetry etc. were applicable to
this experiment too. Hence the details are not repeated

except where suitable modifications had been carried out.

2.7.2 . Payload Electronics

In Fig 2.17 the block diagram of the payload elec-
tronics is given, Pulses from the photomultiplier viewing the
NaI(Tl), impedence transformed and shaped by a preamplifier,

were amplified by a main amplifier., The outputs corresponding
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to enerqgy losses between 13% Kev and 1120 Kev were then
sorted oult by a twelve chamnel pulse height analyser,subject
to the condition that no simultaneous pulse was available at
the output of the discriminator sensing events in the plastic
antilcoincidence shield. The plastic veto threshold was set

at 200 Kev. The rates corresponding to energy losses greater

~

than 1120 Kev in NaI(Tl) as well as those of plastic anti-
coincidence were also monitored., The various rates were
scaled down suitably and the outputs of the final scaler
corresponding to different channels were shaped by the mono-
shots. These monoshots generated pulses of different widths
for different channels. These pulses were then appropriately

processed for telemetry.

A simplified version ot the electronic circuiltry
adopted in the logic section is shown in Fig 2.18. Voltage
sensitive discriminators were used for pulse height analysis.
In the pulse height sensing section of the discriminator,the
transistor Tl was normally nonconducting and T2 was given a
fixed positive bias at its base by a voltage divider network
which kept it in a conduction state. When the pogifive pulses
from the amplifier, fed at the base of Tl were equal to or

greater than the bias voltage of T,, Tegenerative process set

T} into conduction and Té into nonconduction. The D00pf capa-
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citor coupling the collector of T, to the base ot T, as well

as 2N869-CD34 combination enhanced the regenervative effect.

a1

Shaping was done by a subsequent monoshot which produced 3fk’
sec wide pulses. The discriminator had sharp triggering.
characteristics. Special temperature compensated zener diodes

£
L

were used with carbon film resistor divider net work for fix-

ing the discriminator bias levels,

The 3 microsecond positive pulse from the discri-

minator monoshot Dl was fed to the diod 1

shown, This pulse resulted in an output at the gate only in

d

@®

of the gate

the absence of a negative inhibit pulse from I, at dy, the

') g
“

reason being similar to that explained in connection with the

X-ray experiment logic circuits.

L/

An additional feature called 'strobe! was als
incorporated in the present logic., Its purpose was essentially
to eliminate the time Jjitter possibilities at the input

-1

section of the gate circuit which could result in spurious

pulses not satisfying the above logic at the output end.Thi
might have been especially serious near the threshold voltages
of the discriminators. For realizing the strobe action the
output of the 2N869 transistor of discriminator D, was fed to
an additional monoshol 1o generate a 1/uy5@c wide pulse. The

trailing edge of the positive pulse from this, triggered the



]

2

i___x

monoshot M,, which in turn produced 2fcsec wide pulse at its
/ .

Al

=y

output; i.e., a pulse of 2}A»5@§ width was produced at Ml?
delayed by 1 gi.sec with respect to the time when D1 was LT i
/ ;
ggered, As this pulse was generated by the discriminator
corresponding to the lowest threshold, it was also present
whenever the subsequent discriminators were fired. This pulse
was used as a master enable pulse to interrogate eacn of the
thirteen gate circuits. As the diode dq in each of these gﬁteﬁ
1 L )

were connected to the collector of the transistor Tl of Mi
which was normally conducting, an output at the gate

Was

available only if there was an input pulse to d,, no input to

l‘?
d2 ( absence of inhibit pulse) and the master enable pulse at
da(which meant Tl nonconducting) . Finally, to put the central
crystal in anticcincidence with the plastic shield, the
negative output pulse from the discriminator, ;ensing the
events in the plastic, was fed to the monoshot MQ, which had
T3 normally conducting and T4 nonconducting., When M2 was not
triggered, T, had its collector voltage near to the ground,
thus forward biasing CD39 diode at the input of ML’ Because
1 could set off the tri-
ggering action. On the otherhand, when M, was triggered, T3

became nonconducting and hence its collector got the full

of this, the pulse at the input of M

supply voltage. The diode CD39 was thereby reverse bhiased.

this state, the pulse at the input side of Ml was blocked and

In
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thereby prevented from triggering Mlo This . resulted in the
absence of the master enable pulse for such an event. There-

fore none of the gates gave an output. Thus the required

anticoincidence action was achieved.

All the gate outputs consistant with the logic
outlined above were subsequently scaled down. For the twelve
differential channels, a scaling factor of 64 each was used,
whereas the integral channel as well as the plastic anti-
coincidence counts were monitored after scaling down by a
factor of 512, The finél scalar output of each of these
fourteen channels was used to trigger fourteen associated
monoshots. These monoshots were in sets of four different
time constants varying from 100 milliseconds to 1 second.
Pulses of four different time constants were grouped into
one set and made to modulate a single subcarrier oscillator,
The linear mixing of the different moncshot outputs were done
by diode-resistor networks, so that each information pulse
had a particular height in addition to the width fixed by
the corresponding monoshot, In this way unambiguous ildenti-
fication of the channels was pessible. In all, four subcarrier
oscillators, corresponding.to IRIG channel frequencies 5.4 Kc/s,
7.35Ke/fs, 10.5 Ke/s end 14.5 Kc/s, were used, This subcarrier
mulﬁiplex modulated a 108 Mc/s transmitter as in the X-ray

experiment.
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2.7.3 Characteristics and Adjustments of the Detector.
Laboratory studies carrvied out on the detector

showed that it had 10% enerqgy resolution for 660 Kev gammna
ravs from Cet3! s e e o T
Lays rrom LS . Calibration of the detector was cerried out
using the sources given in table 2.3 in the same manner as

described for the X-ray experiment,

CGood linearty was obtained between the energy loss
in the crystal and the amplified pulse output, using these

sources of known energies. In table 2.4 1is

]

iven the energy

)
v

interval for the various channels.

As already mentioned earlier, the plastic anti-
coincidence threshold was set at 300 Kev. Hence all NaI(Tl)
events simultanecusly occuring with those involving energy
losses equal to or greater than 300 Kev in plastic antishield

were vetoed,

Fig 2.19 shows the photograph of the entire pay-
load. Sufficient care was taken to mount the gamma ray
detector away from the main electronics as well as the battery
pack, Prior to flight, the whole assembly was packed in a box
made out of two inch thick styrofoam sheets. Coloured polye.
thelene sheets covered the entire box, which by solar heating
prevented the payload from being reduced to subzero tempera-
tures, normally encountered at high altitudes. The overall

weight of the payload including the battery was 35 kilograms.
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Fig. 2.19. Photograph of the Gamma-Ray Payload.



CHAPTER -~ IT1T

PRESENTATION OF THE RESULTS,

3.1 | SUMMARY OF BALLOON FLIGHTS.

The details of all the T C

lights conducted since the

J

inception of this program are summarised in Table 3.1,
Telemetry systems and other transistorized circuitry

for balloon-borne applications were tested out successfully in

flights 1 and 2. Continuous Monitoring units were flown eight
times during the years 1966-1969 (Flights 3 to 9 and 12), The

.

£l

resullts from these are given in Appendix I

Flight 6 carried 2 X-ray telescope also. The system
consisted of a NaI(Tl)-photomultiplier assembly placed inside
a lead cylinder. It had therefore collimation properties, with
a semivertical opening angle of 207, A rotating shutter was

used for the seperatios of counting rates due to X-rays from

atmosphere and of extraterrestrial origin from those contributed

by the seccondary cosmic ray induced background, A three channel
differential pulse height analyser was incorporated to study
the spectral details of these X-rays in the 20 Kev to 100 Kev
energy interval. The attempt to measure cosmic X-rays with this

]

]

set up proved abortive due to an unforesecen mishap which resultec

in the snapping of a supply line in the payload at the time of

the balloon launch,
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study of the low energy gamma rays

in the atmosphere was made in flight 11.  The payload confi-

guration was same as that u in the Xeray experiment

discussed in

(flight 10), the details of which were alrec
the Chapter I1. The oniy modifications carried out for this

cxperiment were as follows:

1. the graded-shield collimator was removed,

2, the energy interval of measurement was chosen as
100 Kev to 1000 Kev,

3. a four channel pulse height analyser was used to

study the spectrum in this energy range,

As @ Nal(Tl) crystal of half inch thickness was used for the

detection of these gamma rays

; iciency correction
Tactors had to be used for the calculation of their intensities.

tad to take inte account the

the massive plastic anticoincidence shield.Because

reasons, accurate values of the intensity for the
atmospheric photons could not be obtained and only a crude
derivation of their spectral distribution was pessible. These
informations were therefore not detailed enough to reveal all

the intervesting feature pantitatively. Nevertheless the data

proved very benefidal for the design of a more sophisticated

gamna ray detector flown in the subsequent year (Flight 13).

As will be clear 1 is broad agreement in the results



of these two flights, when comparison is of observations

)
2 . .

at 20 g cm™, the Tloating depth of earlier flight.

The present chapter describes the resul

5

from flights 10 and 13.

3.2 BALLOON FLICGHT AND X-RAY PAYLOAD PERFORMANCE.

he 20-200 Kev X-ray experiment was conducted on a
3 millipn cubic feet balloon on March 31, 1968, The balloon
was launched at 0717 IST (0147 UT) and reached & ceiling depth

of 7.8 ¢ e at 1020 IST (0450 UT). The payload was suspended

1

freely so that the telescope axis was along the vertical., The

{
{

time-altitude performance of the ballcon tlight is shown in
Fig 3.1 where the atmospheric depth in g cm and
kilometers are plotted as a function of time. One useful

feature of this flight was that it took nearly 45 minutes for

will be evident from the later discussion, this slow ascent of

2 -

the balloon was of special value for the extrapolation

procedure adopted to derive the cosmic X-ray fluxes, Due 1o

high winds prevailing at the floating altitude, the flight had

to be terminated on command at 1120 IST (0600 UT) i.e. after

1 hour and 10 minutes at the ceiling. This was to enable the

effective use of radio command and definite recovery of the

payload. For the major duration of the flight, except for the

last few minutes hefore the termination when the telemetry
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encountered interference from some local Morse Code trans-
mission, the performance of both the payload and telemetry was
good, After recovery, post flight check indicated no deterio-

ration in the calibrations or performance of the payloac

rements on the balloon were carried

Precsure me:

out with two devices, The conventional bellow type device was

- -

used to determine the pressure from ground upwards. The infor-
mation from this device called radiosonde was continuously

The instrument used had an accuracy of + 3 g cm

telemetere

in the 100 g cm™™ region. But at lower pressures the accuracy
| - § Y

was not good bhecause the arrangement is sensitive to only

N - . -2 . -2 .
changes of the order of 2 g cm in the 10 g cm regicn. For

more accurate measurements in this region a Wallace-~Tiernnan

vbs with this gage is possible

gage was used,
beyond 20 g cm™® only, but it has good measuring accuracy. At

-2 . m L -
10 g cm™ ™, for example, it has an accuracy of + 0,3 g cm 7,

The pressure measured by this instrument was registered photo~

;
fod

graphically in the flight.

RESULTS ON THE COSMIC X-RAY BACKGROUND,

N
()
@

,
(G

3.3.1 Data Reduction from the Telemetry Records.

There were eight different informations, four each

on the two subcarrier channels. Seven of

the differential outputs of the pulse height analyser,whereas
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the eighth corresponded to the integral

L2

losses greater than 202 Kev. The records
different heights on a constant base line, This
enabled the identification of the different PHA intervals.,

The photograph of 2 typical record is shown in Fig 3.2. Corre-
lation of the occurrance of these pulses with time (IST) was
made with the help of time marks at every 20 seconds on the
chart, These time marks in turn were calibrated with a standard
chronometer with reference to which all the pressure measure-
ments were made in the flight. For a particular energy channel
the time At for 'n' consecutive pulses were read out from the

chart. If 's' is the scaling factor for the channel, one can

0]
oB
0
Joed v

511y calculate the count rate "' tor that channel usina the
Y J

formula “: 3%3 The choice of 'n' was subject to the COmpro-

mising criteria of good altitude resolution and satisfactory

statisti

(,)

's.  These criteria therefore made 'm' ; function of
the altitude. This procedure was carried out for the entire
flight time for which useful data were available and for all
the channels. The counting rates so determined as a function
time were converted to counting ratég versus atmospheric

depth with the help of the balloon time~altitude performance
chart. In Fig 3.3 the observed counting rates for different

energy channels plotted a

(@)

1nst time and pressure ar & s hown

The rates corresponding to the fifth chammel (120 Kev to 146 Kev)
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are not plotted as the AND gate section of

appeared to have malfunctioned.

3.3.2 Intensity of the Secondary Almospheric Radiation,

Examination of the results presented in Fig 3.3
shows that the counting rate versus pressure plot for all the
D o . -2 A
channels had similar nature upto about 15 g cm agepth. First
there was a reducticn in the observed rates as the balloon
started ascending from the ground, due to the decreasing
P
effect of the terrestrial radio activity. Beyond about 800 gcm,
the counting rates in all the channels showed the typical

increase, which is characteristic of the OsMic ray secondary

mponents., The intensities went through transition maxima at

(&}

D

—

a depth around 125 ¢ cm above which they all started

decreasing. For the sixth (1

‘r._,
~J]
I
=
M
~
U‘\

o
<<
6]
)
—
T~
s
.
o
fo
<
S

202 Kev) and the integral channels (qgreater than 202 Kev) ,this
. Vo . L . -y .

trend continued till the floating depth of 7.8 g cm™. But in

the first four channels, a third transition in counting rates

was observed, that is to say there was a statistically signi-

ficant increase in the observed photon intensity at atmospheric

N

depths less than 12 g cn™ ., It was expected that after the
transition maximum, the intensity of the cbserved photonic
component should continue to decrease till the highest altitudes

1t the measured radiation was purely of sccondary origin, The
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axistence of an unturn above the maximum for the first four

channels was therefore indicative of the presence of an extra-
terrestrial radiation penetratihg to these denths, and in the
transition region, the flux due Lo the primary X-Tays wa
comparable to the cosmic ray secondary backdround measured by

3y |

the detector,

3.3.3 Evaluation of the Flux and Spectrum of the Cosmic
X-rays.

intensity of the primary X-rays

o
fE—
-
o

@
[l
=
.

D

For
at a particular depth, say at the floating altitude of 7.89g aﬁi
the characteristics of the -kpth intensity curves for the range
50 g cm™ to 7.8 g cm™?2 were carefully studied, In Fig 3.4 the
detailed nature of this relationship is shown between 100g cm
and 7.8 g cn~2, The uncertaintv shown in the count rate 'r' is
the probable error {Ejar ing from the counting statistics,
: <t
't being the time overwhich the counts are averaged,Typically,
this error varied between 10% and 15% for the rates encountered
in the present experiment, At depths near 20 g cm"2y the inten-

sity of 200 Kev X~-rays coming from the top of the atmosphere
was attenuated by more than 95% and hence the measured inten-
sity was predominantly due to secondaries. Therefore the
nature of the dependence on the atmospheric depth 'x! of the
secondary intensity I(x) had to be first determined, Two types

»

of relationships had been investigated for this purpose a
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- &L . o .
power law function T( x ) =Ax and an exponential function

Ao . B oand A were constants.

function I(X):Bexp(Fﬁx);
The observed intensities at different depths had been fitted
to the above expressions on the least-squared criterion

(Appendix II), to ascertain which of them was more appropriate
to the abservations. In Table 3.2, the results of the
obtained with the use of IBM 1620 computer, are given. A
comparison of the two sets of the results showed that the

a power law dependence

ohservations were bhetter

than by an exponential function.

o !

Having thus determined the nature of the atmospheric

he secondary intensity, extrapolation was

i

depth dependence of

near 20 g cm~< to 7,8 g cm”™~, to esti-

9]

lepth

O
a3}
)
=
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o
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ty at the latter depth. The
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difference between the observed and the extrapolated intensi-
ties then gave the contribution of the primary component to
the total intensity at this denth for a particular channel,
Similar procedure was carried out for all the channels.In the

case of the sixth and seventh channels, by such an extrapolation

e}

procedure, no statistically Significant contribution of the

primary flux could bhe derived from the observed rates.

£

From the counting rate contribution due to the

primary X-rays so obtained for the first four channels, the
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138

actual flux at this depth above the detector was evaluated by
applying correction for the absorption in the aluminium
entrance window. For the first and second channels this

correction amounted to 15% and 4% respectively, whereas for

the subsequent channels it was negligible.

To derive the true primary intensity, it was nece-

€]
[63]
Q3

ry to correct for the partial opacity of the atmosphere to

inecident radiation. Transmission factor of the atmosphere

-
o

for vertically incident X-rays as a function of energy was
calculated by a method similar to that adopted by Lundquist

127
(1969) /g

The Teduction dI in the intensity I of a beam of
X-rays of energy E as they pass through an infinitesimally
thin layer of material with linear absorption coeffici@n?ﬁu(ﬁ)

is given by
al= wI/LodZ e (1)

where dZ is the thickness of the layer. If the absorption
material consists of 'n' components (eg, N, O in the case of

air) then

/&,: E;}Ou7%)‘§z e o (2)

where the coefficients ( fﬁ/y)i depend on energy, while the
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densities are functions of altitude Z, Substituting (2) in

(1) gives
dI= »-I '7 (}/) (/) e (3)

Integrating (3),

T=1 Oxp(“[z‘(/u/) | > cee (4)

. L=y
The pressure and den31%y in the case of 1tb constitutent are

related by

Pi(Z)

1l
—
~ 0
Qg
|
™
']
|

gelz = (2 )R] oo (5)

R being the universal gas constant, Mi is the molecular weight
of the ith componafit, 'g!' is the accelaration due to gravity
which for practical purposes may be treated as a constant. The

pressures at two depths Z and Zovare related by the expression

(2)
_.E;_E:_} - gx} SL (Z“ o>% eeve (6)
AN [ y

where H is the scale height given by kT £or isothermal atmos-
mg - /

phere, (5) and (6) then give

fo(2) = F.(z )M/ﬁw (/_,z
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hree components N, O and A were taken into account in these

128

calculations, using the appropriate atmospheric constants .

—

for these constituents

~

given by Davisson(1965) ,were used for calculation of these

transmission factors at different energies.Fig 3.5 shows the

)

transparency curve so computed for 7.8 g cm Tatmospheric depth.

The X-ray intensity in photons per second so derived

solute Tlux

at the top of the atmospherc was converted into

: . -2 -1 -1
in photons cm Tsec Tsr

-1 . . .
kev by dividing by the telescoplc

geometrical factor and the appropriate encrgy interval of the

channel, The telescoplc ¢

1

wcometrical fTactor G was calculated

i
/
L

The derivation of this formula and the meaning of the various

symbols are given in Appendix III. Using the values h=9.,5 cms,

RleQB cms, R,=3.5 cms appropriate to the present telescope,

2
the value of G was computed as 6.7 cm sr.

In the case of sixth and seventh channels, as no

-1

statistically significant increases werc secn in the intensi-

ties, only upper limits could be set for the coswic X-ray

fluxes. These were an the statistical fluctuestions of
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the observed count rates at 7.8 g cm™  and were placed at 95%

contfidence level.

As mentioned earlier, owing to the slow ascent rate
r

cm” 7, the

1=

of the balloon for atmospheric depths less than 15 ¢

count rate versus depth curve for this part of the flight
could be constructed with good statistical accuracy for the
different channels, This enabled the evaluation of the

i

orimary X-ray fluxes by the method detailed above, from the
f b 4 4 P ‘

,.
-

" -2 -2 -
excess rates observed at 10 g cm &, 9 g cm and 7.8 g cm
independently. The diffcrential spectra so derived, from the
observations at these three depths, are shown in Fig 3.6 (a),

(b) and (c¢) respectively,

To study the nature of their spectral distribution,
these results were fitted te a power law function of the type

N_ D
%%:KE and an exponential function of the type

K, n, A and B being constants.
7 ot

exp(-BE) ,

Tables 3.3 and 3.4 give the results obtained from
these fittings using the method of least squares. In Table 3.9
the various spectral parameters calculated for the two spectra

corresponding to the three different depths are summarized.

3.3.4 Region of the Sky Scanned.

The balloon reached the ceiling at 1020 IST. This



"SH1dIQ  DNUIHJSOWLY
S3WHL I¥ SNOILYAYISSO WOMH O3AHIQ SAVEX DIWSOJ 40 VELD34S 52913

ATN-A9YINI

QoY a0 0% 0z 0% oM mm Ge 00z Q01 06 iE ,
¥ YT T ¥ T ey T gy KGR0
H i IERE ik i i W H m i m Wu 1RE W [ W
i i H i i
bt e s God s v
ot e S B ]
R
s g S e heanes . Nwm
. — e e e - b
. (37 ¢ (¢} {2} el
s s e g 2uadiEY ek m“W
e swm amd S e —~ % - &
. y © P Do et e oo F,
e =y S—— S B MU Y s e &
A : e S5
\ Y * ¢
Y \ % ovy
- 5 PO B 3 I B m o o'}
%
- —g— I -+~ I S mﬂ . £
- Y 4 b y B » \ B W‘M
- M L B Y I 5 = N
. 5 = v 1L .p . £
— 3 I S f., . - e
-t kww - PO S Y b B = 160
. nmamanl L S—— oo — P af
y , P
EXA- 2L 3 LT 376 wa \ ,
oy ez \ pgd HEN g e
3 3 f i
- _m. o ﬁ . 3 »

e \ - P : A g . B
i AN | 1SR m gt

%é}:l
o




4

£°¢c °19rl

0000” 91000 9T00" O oeT — ¢O1
£ c=u TO00" - €007 0 Ce00" 0 car ~ ¥L 8"L
_»,\ﬁ I
T

+1

2000" 8,000 8000 VL
N@HM HOOoni mmO“D HmmO.D @ﬁlom

000"~ ST00° 0 £T00°0 CeT — ¢Oot

€°0 + 6£°z=u TOOO" 82000 6¢00° 0 <Ol — ¥ 6
£T00° OLO0" 0 €800 0 vL — 9%
LTT=4 STAG Gl G600 0Lz0" 0 o — ¢
» Z2000° ~ €100 0 11000 CeT — ¢oT
€0+ ovT=U TOCO® GZO0" 0 9c00* 0 cOT — v ot
1100° #2000 GLOO" 0O V. — OF
G T=4 ST Ol Csc0’0 5Ge0° 0 or - O¢

ax,f)\.v):_J . e T .,
SAURLSUSD Uc ia
-2 T ,\w,m

an
I = Lﬂ; UcISsaIdxyg



QN
<
i

7'e 9TqeEl

c000"
120" C=d #000° ~

oTo0" -
86" 1=Y 6c00°

s

OO0 O0

S8

— Q<

2

NO OO

N ON (D)
OO0

9TO0" 0
000" 0
G000
122070

[4o1

~a

1000
12000
280070
992070

€100 0
6¢00° 0
£800° 0
0,200

Q¥
@]
-~
1
<
I~
On

. S 0 o s o e Tt S S et rh o 4 e A g P R ot e S s e o et S T ot

—]

e
M N O
ol
O =N

]

17000
5c00" 0
SL00°0
GGZ0" 0

000"
7120 O-=d <c000* ~
TCOC~
SLLTT=Y + 000"
0000*
GCzO " O=4d TOQO" ~
0000”
ohL =Y 7000’
S1URLSUCD *UCTA
-2TA3]

*porndwoon
*0Td

298
-
__Wwo suojoyd)

<

P2AIDSOO XNTJ

A9 IS

B s

—]
6}
>
=
(€3]
1.3
o

—t
S
o))
&
[
[

(1

o
o
@

o)

O T T o et s it et o Kot et s e S e ke e et ot s et e i et ot et et oot s o



143

g OTXP " g 9% ov

L & » e
moﬁ,\ G 9" g1
SOTXT G e

S'e 919

<}

—
Q]
Q
]
e}
(@)Y
4

!
QN
)
o
o8]
[\
)

48]

f—t

£°0 tev°7

€°0 ¥6£°2

>

e

_-
+071

<9T 8°L
LZT 4
[# 3} o
P
.N...l
y1dsp
OTIaydsowly



144

corresponded to 1004 LT (for Hyderabad) after correcting for

oreal

Q.
D

the longitude, On March 31, 1968, for 0000 UT, the si
time as given by Nautical Almanac was 12D 33™ 435 Therefore
the local mean sidereal time could be obtained by adding to
the sidereal time at 0000 UT, the value of the local time at
Hyderabad after making the apnropriate correction for the

conversion of solar time to sidereal time. This amounted to
Im 39s for 1Gh OAm, heing 3m 565 for 24 hrs, The resultant
sidereal time of the zenith (same as right ascension in this
case) over Hyderabad was 220 38™ on March 31, 1968 at 1020 IST.
Similarly at 1130 IST (1114 LT) sidercal time of the zenith was
230 4gm 42%, With the opening angle of 209, the telescope had
a field ef view equivalent to 1lh 20m on either side of the

zenith in right ascension at any instant., Therefore the overall

21" 18" 315 to 1P gM 405 The

o
)
w0
4
o
-
w
O
]
=]
]
%S
3
e
(.
Q.
=+
3
O
=

right asce
declination of the zenith, being the latitude of the place of
observation, was 17°9 for the whole duration of ¥light, the
drift in latitude being negligible., Therefore the declination
o) 0 - , e .
scan range was from -3 to 377, The region as determined above
is indicated in ‘Fig 3.7. The regions obscrved by Bleeker
‘ V43, . o . . :
etal (1968) in two of their experiments are also shown. In

<

addition, the positions of the various known X-ray sources as

compiled by Friedman (1967)8 are also marked, As is evident

from the diagram, no known extra-solar point X-ray source
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came into the field of view of the detector during the obser-
vation time,

The sun (RfZBBm, g =+ 4" on March 31, 1968) was

m.s

3P gy

o

partially in the field of view of the telescope {from:
onwards, But from the comparison of the rates of the detector
in different channels, before and after the exposure to the
sun, no gfatisﬁically significant contribution from this source
could be deduced. Moreover the sun was comparatively quiet for

the period of the observation and no major solar flare was

-

reported. A minor H flare of 10 minutes duration centered at

oK
02h ZDm‘(UT) on March 31, 1968 and an X-ray enhancement for
about 15 minutes in the 0~-8 R band with a tlux level of

-3 - - o .
1.3 x 107" erg c¢cm 25@c 1ot 1040 UT on the previcus day were

el

C : 4 C L

the only recorded 1ndlcat10nsld of any activity near to the
observation time,
3.4 RESULTS ON THE BACKGROUND PROPERTIES OF THE DETECTOR.

In the absence of extra-terrestrial X~rays, the
observed count rates of a X-ray telescope in the 20-200 Kev
interval originated from (a) the atmospheric X~rays of enerqgy
20-200 Kev which came through the forward opening of the
detector system; (b) X-rays similar to Lhose in (a) which
filtered through the collimator and were detected by the cry-

stal; (c) secondary photons of energy greater than 200 Kev that
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entered through the forward opening and lost energy between
20-200 Kev in the NaI(Tl); (d) photons similar to those in (c)
that filtered through the screen and lost energy between éOWQOO
Kev; (e) photons similar to those in (c), which falling on
lead or plastic were degraded by Compton effect and subsequently
lost energy in the NaI(TL1) Tf mesons which,falling on the
detection system, decayed into gamma rays and were then detected
in the 20-200 Kev interval; (g) radiative capture of slow

neutrons by the nuclei constituting the material of the detector

and (h) neutron Capture resulting in star production,

The contribution (a) arose from atm ospheric X-rays.
As no technique was adopted to isclate this radiation in the
present flight from Hyderabad, the intensity for this station
was derived by extrapolation of the curve for the Latitude
dependence of the atmospheric X~rays published by Bleeker and

Q
Deerenberg (1970)" 33 to 16.9 GV, as shown in Fig 3.8. This

-2 -1 =1 ~1

vielded a flux value of 2xlO”4photons cm Tsec Tsr Tkev for

the 20-100 Kev interval, Assuming a similar flux for 100-200
Kev interval, a counting rate contribution of about 0.28 sec™t

was obtained,

The factor (b) was calculated assuming, that the
Opacity of the collimator was complete for 20-100 Kev photons,
an average transparancy of 5% for the 100-200 Kev photons and

an dintensity same as that used in (a). The counting rate contri-
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bution so evaluated was 0,2

and (d) were made
under the assumpti cnergy greater than

200 Keov were 5% of the total

entered through the forward cpening. Further the flux values

S - 2 ~1 -1 e e . )
of 8,4,2 and 1.5 photons cm “sec "Mev — at 225 Kev, 200 Kev,

P} . »

400 Kev and 200 Kev respectively for the sccondary photons
1 i % ] . - WA [ DA
measured over Hyderabad by Kasturirangan et al (1969) WEeTE

or the calculations, The

factors for the lead collimator were 10%, 16%, 40% and 60%
respectively., The efficiency values for the half inch fhick
crystal used in the present experiment had been obtained by
interpolation of similar values given for one third inch and
one inch thick crystals by Brini et al (1964)77", This eff
clency curve which gave t
greater than 200 Kev falling on the crystal to be detected in

-

he interval 20-200 Kev is shown in Fig 3.9. The counting

—

rates so evaluated for (c) and (d) together were 1.6 sec

——

he effect (f) due to T ‘mesons decaying in the

134
)

on 100 Mev gamma rays by Cline (1961 . This is because the

- - 0 , : .
Tlux of 7 mescns was not oxpected to be greater than those

.

of 100 Mev gamma rays, as most of the 7 decay events yield

the probability fexr a photon of energ

5

detector :system had been cvaluated using the flux measurements
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4

photons around this energy. Using the measured flux value of

e - - _ , L -l
10" %em “seclsy l and a detector efficiency of 10 for 100Mev

photons, the contribution from this was found to be less than

lowdsecwls

The relevant data useful for the calculation of the
factor (g) are given in Table 3.6. For the intensity of low
énergy neutrons, the results of neutron spectrum meagurements
by Hess et‘al(l959)l36-at 200 g cm”’;2 over 7)m:44o were used.
Assuming that the intensity of low energy neutrons follow the
same type of altitude and latitude variations as fast
neutronsl37j a flux of 0.18 neutrons cm”zsec"l was obtained
for the enerqgy interval 0.0l ev to 5 ev. Thg altitude and lati-
tude correction factors used were 3 and 2.5 respectively,This

flux when used with the data in Table 3.6 gave gamma ray pIrO-

- . -] .
0.008 sec ! and 0,36 sec = respecti-

206

duction rates of 4.7 sec”

vely for lH of

I')"'_
and l‘“/I of the Nal(Tl) crystal. Assuming that half of the

plastic scintillator, Pb of the collimator,

2.2 Mev gamma rays produced in plastic were detected, a contri-

_ -2 ] . :
bution from this equal to 2.4%107“sec™ was obtained, using an

. - 2 s . oo - .
efficiency of 107%, Similarly using an efficiency factor of

. . e 5. 27
0.3, corresponding to 200 Kev photons from ZDGPb and 12 T, the

1 e —~ )-—ul A . N
respective rates computed were 1.2 x 107 “sec” ~( again only
16,
200py,)

- —1
half the number of gamma rays are used for ) and 0.12 sec .,

-~

Such effects originating frmmlgc of plastic scintillator(rela-
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tive abundance 99%) and Pb (relative abundance 52%) were

found to be negligible because of the very low interaction

DTy, (rela-

cross sections., Yield of 6,7 Mev gamma rays from
tive abundance 23%) was also quite small to produce any signi-
ficant effect on the count rates,

The factor (h) corresponding to star production for

Nal(Tl) was not expected to be significant because on the

average 10 Mev was expended for each secondary particle and

¢

hence such events would be registered in the integral channel,
~Assuming interaction cross sections to be same as geometrical

2
cross sections for 23Na and J“‘/I, given by 0.45 and 1,49 barns

respectively, and using the value 0.035 cm™?sec ™ for the flux

Bgﬁ a reaction rate of 2XlOW? ec™t

of star producing neutronél
was obtained for NaI(Tl). Similar estimate for lead using geo-
metrical cross section of 1.95 barns yielded the star production
rate of 0.4 sec la A pessimistic evaluaticn of the counting rate
contribution frem this star production rate was even not possi
ble due to the unknown details of the gamma ray spectra from
lead. But it would be clear from the discussion later that the
actual contribution to the observed count rates from lead due
to this mgichanism should be considerably less than the upper
limit estimated here.

In the case of (e), the calculation would involve

the eonsideration of Compton scattering probabilities for the
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photons incident on lead collimator and plastic scintillator
at different points and from different directions such that
they fell on the central crystal and got 1 tected in the
interval 20~200 Kev. Such a calculation, belng involved and
tedioug, was not attempted. Instead, the magnitude of its con-
tribution was estimated as the difference between experimentally
determined secondary background rates over Hyderabad shown in
Fig 3.10(a) and 3,10(b), and the total contributions from the

. . . -1
factors estimated above. This yielded a value of 2.0 sec as

the contribution from (e). This of course became an upper limit
if there were to be other unknown factors than those listed

above contributing to the observed secondary background,
3.5 BALLOON FLIGHT AND GAMMA RAY PAYLOAD PERFORMANCE.

The payload was flown with the help of a 1.5 millien
cubic feet balloon on April 20, 1969 from Hyderabad, The
launch was made at 0732 IST (0202 UT) and the balloon reached
a celling depth of 6 ¢ e at 1020 IS8T (0420 UT). Due to the
unexpected balloon burst fifteen minutes after the realization
of the ceiling altitude, the flight had to be prematurely
terminated, In Fig 3.11 is given the altitude-time curve for
the balloon for whole dursation of the flight, Payload was.
suspended freely so that the detector axis was along the verti-
cal. The performance of both the payload and the telemetry was

trouble-free during the entire flight, Post flight calibration
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!
showed no detectable detericration in the characteristics of :
the payleoad. As in the X-ray flight, pressure measurements
were done with radiosonde for lafgé atmospheric depths and
Wallace-Tiernnan gage for small atmospheric depths.,

3;6 COUNTING RATE VERSUS ATMOSPHERIG DEPTH CURVES.
The data reduction from the recorder chart was
carried out on the same lines as detailed for X-ray flight, A
typical record obtained from this flight is reproduced in
Fig 3.12, Fig 3.13 shows the observed count rates as a
Tfunction of the atmospheric depth for different enerqgy inter-
vals, The counting rates corresponding to energy losses
greater than 1123 Kev in\the central crystal and of the
plastic anticoincidence shield are also shown. As is clear :
from the these curves, there was the ipitial decrease upto f
about 2 Kms (800 g me2) in the counting rates as the detector E

left the terrestrial surface, after which the effect of the b
ground activity was quickly surpassed by the secondary eosmic

radiations. The rates then increased went through a maximum

N

1 —

and decreased till the floating depth of 6 g cm™ . This trend

was observed for the counting rates in all the channels includ-

ing those registered by the plastic anticoincidence shield,

N
The heights of the transition maxima were found to

be same within the accuracy of the measurements for all the
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channels, maximum occurred at

rate versus depth curves could be

the absorption l(nqlh L of the

different energy intervals. This

between 200 and 600

Jmﬁ
was in equilibrium

the atmosphere

If Ii and I

S

sities at de

2N
2.3log(T, / Io)

s

ssuming an exponential dependence

mospheric depth, The absorption len

for the various energy charmmels in

It is clear fro

gamma rays of different enerqgy in

Fange 135-1125 Kev,

-

ength of about 200 g cm™”,

3.7
RAYS,

The raw counting rates

verted into fluxes

e EW7TE photons cmm2

AE being the energy

125
nsedd

atmbs

was
¢

2

m these I value
terv

these radiations had

FLUX,ENERGY SPECTRUM AND ALBETO OF LOW ENERGY

C

f:)
+ 5gem T, These counting

Tor calculation of '

in

spheric Tays

the region

tor

done

cm” 7, where the radiatior

were the observed inte

%o respectively, then

of the intensity on the at-

yths so calculated are shown

LQ

the table 3.7

corresp

es

onding to

rals, that, in the ener gy

a typical absorption

GAMMA z

in counts Sec”lwere CONw

Fusing the formula

interval appropriate to the channel, and G, s
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the omnidirectional geometrical factor. The geometrical

ol o0

tactor for the isolropic radiation was defined by the express-
{ X b

ion,

where A( © ) was the projected area in a direction & with regect
to vertical, d () is the elemental solid angle, and < the

) L ey
azimuthal angle. For a detector of cylindrical geometry,having

q e . )
diameter D, and thlcknesgf ]

)
11
‘\\/ﬁ\‘ ‘;\3
o
AT
P

Integrating the expressicn resulted in

e 2 - A )
5o UL 1 +~ﬁ%~> cm”
]O 4. ei) l y

~y

For the crystal used in the present experiment,G =30,4 cm®,
. : . 2 )
substituting D=b,1 cm®, 1=5,1 cm”.
Values of F were calculated for different channels,

T ST R 1L ; .
tor a particular depth and the procedure was repeated for

S N Y oS & N S T . - :
different depths., In Tig 3.14 the spectra derived for different

depths are given, It should ofcourse be borne in mind that the
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plot of F as a function of E represented the energy loss
spectrum in Nal(Tl) rather than the true spectrum of inci-

dent gamma rays, This is because, a single photon inter—

acting with the material of the erystal might not lose its

crgy entirely in the detector, but escape with a part of

iy

-~
~

its initial energy. his became more frequent at higher
energies, However, since the rates for high energy losses
were low and the crystal was large, the photon spectrum

at low energies would differ little from the observed energy

loss spectrum. The true pheton spectrum would tend to lie

pectrum at high energies and below it

y

above the measurecd s

at low energies, Fitting a power law function KE™' +o the

)
high altitude spectrum (near 10 g cm™) over Hyderabad

vielded a relation

e - -1 -1
N(E) = 1230F photons cm “sec” sy Tkev

for the energy range 135 Kev to 380 Kev. By fitting the
same functional form to the whole range of energles vyielded
a larger index, as high as 2.5, This steepening was of-
Course due to a larger fracticn of high energy photens
getting Compton scattered so as tn yield higher counting
rates in low energy channels and lower rates in the higher
energy channels as already discussed. Tn Table 3.8, the

- o . - . .
values of K and ¥ for different atmospheric depths are
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tabul ated,

It is clear that the nature of the encray

L
. . . S -2
pectrum was nearly the same from d of 200 g cm to

10 g cm™ ™,  The inconsistent values of K were of course due

to their very sensitive dependence on the values of ¥ . In

"
N
F
0
€8]
&
n
D
-
g

e
-
Q.
=
=
)
P
t
—
N

on the atmospheric depth

is shown, the values of K b

o~

=

ng computed keeping the value

Zle g

o~ '/ 7 ! o
of } constant and equal to 2.5

" - . 1a 94,100
Ln some of the werk cited earlier” - , Tthe

(6]

spectrum had been derived by applving correcticns for the
photopeak efficiency of the crystal, The correction was
made by dividing the observed rates in a particular enerqy

b T A

interval with the photopeak efficiency of the crystal

corresponding to the median cnergy of the interval., A
similar calculation was made here too, keeping in mind
that such simple ctficiency correction, for the unfolding
of the true photon spectrum, was not strictly valid as

would be clear from the discussions later on., The proce-

Ly

dure was adopted here only for comparison purnyp

The efficiency values used in the present cal-

culations were those computed by Miller et al (1957

These authors had calculated intrinsic effici

photofractions for menoenergetic gamma rays, for the case

e e e s e i, ¢ et e
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of a broad parallel beam incident on NaIl(Tl) crystals of
various sizes, by the Monte-Carlo method, The calculations

were carried out for photon energies of 0.279, 0.661, 1.33,

~~

2,062 and 4,45 Mev; the crystals considered were right cir-

o

he intrinsic efficiency &

cular cylinders, T

was defined

by the formula

‘(‘”"T = ] e /{*’1( E) 1

Where/L(E) was the total absorption coefficient at enerqy

E and 1 the thickness of the crystal. It represented the
Probability of a photon undergoing at leost one interaction
in the crystal. The photo-fraction "o eon the otherhand was
defined as the fraction of the total number of interacting

photons which were completely absorbed or, in otherwords, it

was the ratio of the number of pulses within "full absorption

peak" to that of all pulses produced by the gamma quanta of

P e - , .
energy k. The phetopeak efficiency a,r was then given by
5 -
the relation

C( = O (‘l:‘),

For a 2% x 2" crystal, the values for intrinsic efficiency,
photofraction and photopeak efficiency as a function of
energy are shown in Fig, 3,16, The fluxes, corresponding Lo
energy losses in different channels corrected fo; the photo-

peak efficiency appropriate o the channel are shown in
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Fig. 3.17 as a function of energy tor different atmose i
pheric dept]

are also summarised in the table 3,0,

The spectral index Y could be well approximated
Lo 1,79 + 0.12 for this entire range of depths. In Fig.3.18,

the value of K as a function of atmospheric depth for this

value of VY | is shown.

. )

Ihe observed counting rate at the peak of the

"
transition curve in this experiment was 4.3 photons cm™ “sec 1

6]

in the energy interval 135 - 1125 Kev, Extrapolation to the

A , ‘ -2 -1
top of the atmosphere gave a flux of 1.2 photons cm™ “sec i

1

in the same energy renge., The energy radiated away as albedo

was then calculated using the expression,

A ¢ , e 2]
E= \ EN(E)dE=537 Kev cn™ “sec

over Hyderabad, b

i

3.8 RESULTS ON THE 0.5 Mev LINE. :
i.{

I

One of the interesting features of the low enerqgy i

gamma ray spectrum investigated in this experiment was the X
Presence of a peak arcund 0.5 Mev(Fig 3.14). The existance !
i

of a definite hump over the background intensity near 0.5 Mev

- . . . . . -2
was already seen at atmospheric depths less than 500 g cm T,
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o

estimate of the counting rate contribution due to

AN accura
this line to the background was not easy, due to the limitation

ol the PHA techniques used., Nevertheless, = gocd ides of the

strength of this line could be obtained by estimating the !

-

difference in area under the peak and the continuous spectrum '
in the eergy interval arcund the peak., The magniturde of the
photopeak counting rate R so evaluated was then used to get the

this line F using the formula

o =S V. — R S VR S . -~ ‘““‘2 . “”’J—
P(OgJIMQV)~<EfF“ photons cm”™ “sec™™,
“p

where tP was the photopeak efficiency of the crystal e

1 0.51IMev,

éi-zyhad a value of 0.5 for the present crystal, obtained by

r

interpolaticn of the photopeak efficiency curve of Miller etal

=7y L40 o ps o g _ - o
(1957)+7 » Shown 1n Fig 3,10, This calculation was carried out

1

termine the altitude dependence of

the strength of this line. In Fig 3.19 the resultant curve is
shown, Like the rest of the low energy gamma ray spectrum, the

0.51 line intensity had alsc a transition effect around

Il oy - ""'4 N i : i 2 I
120 + 5 g cm and an absorption length of 190 g cm “. &t the

transiticn maximum the flux observed for this line was

0.25 + 0.04 photons cm”2secml, whereas at the floating depth its
9
) ]

value was 0.079 + 0,009 phetons cm™ “gec™

@

Seurce strength 's' for this line at the transition

maximum could be e

o

ily calculated using the formula
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where Pn} was the Tlux at the transition maximum and = was the
e
/

effective source thickness, For 0.951 Mev gamma rays in air

i -1

2 el s . ) , =1
ﬁb: 0,085 cm™g "o This gave a value for $=0.021 photons ¢ “sec

As two gamma ravs were produced in a single annihilation event,

this wis equivalent to a positron annihilation rate in air at

. o . - ] -1 - o .
the transition maximum of 0,011 ¢ “sec l‘ Also the rate of
column 1 cm”™ area of the

positron production in vertical

o

atmosphere could be computed using the expression

1020
N= & fe g F(x)c
! 2
where 'x!' was the atmospheric depth in g cm . This gave a
. JPE o2 -1l i IR
value of 3.4 positrons cm “sec”™™, over Hyderabad., Assuming a
- - .
primary intensity of 0.08 particles cm “sec , this yielded a
value of 42 positrons per primary particle over Hyderabad,
Extrapolation based on the dependence of the intensity of this

: -2 .
Tupto 6 g cm yvielded a value of

Ju—

line on atmospheric dept

~- - ~1 . ‘ . .
0.07 photons cm sec © for the zero atmospheric depth flux.



_ CHAPTER -~ IV
DISCUSSTION ON THE RESULTS OF THE X-RAY EXPERIMENT.

4,1 ATMOSPHERIC EFFECTS.

The presence of extraterrestrial X-rays in the
energy range 20-130 Kev at balleon altitudesis further sub-
stantiated in this experiment. The effect of superposing
these X-rays upor the ambilient background is seen as anincrease
in the measured count rates for depths less than 12 g Cm“l2
over Hyderabad. Another interesting aspect of the presence of
this radiati@n at small atmospheric depths is its influence
on the background spectrum registered by the detector in the
same energy randge, As will be clear from the later discussion
on ﬁhe nature of the secondary béckground measured by the
X-ray telescopes, the spectral distribution of the secondaries
is more or less flat et all aﬁmospheric depths., This is also
elear from Fig 4.1 where the secondary spectrum observed in
the‘present experiment at small atmbspheric depths is shown.
The extraterrestrial spectrum on the otherhand has a steep
character. Folding this spectrum through the atmospheric
absorption effect does result in a certain amount of harden-
ing. But this is still considerably steeper than the flat
secondary spectrum, Therefore, a distinct change in the
spectral shape of the observed radiation should be expccted in
those regions of the atmosphere where the intensity of the

primary X-rays becomeS comparable to or more than the secondary
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e - i g

background,

For studying the nature of the spectrum at
different depths, a useful parameﬁ@r known as 'color!' index
can be defined, This index is essentially the ratio of the
count rates observed in a particular energy interval to those
in some other interval, at a certain atmospheric depth.If the
value of this index remains the same at different depths, it
1s clear that the relative changes of the mtes in the two
energy intervals are the same, or in otherwords the spectral
shape has remained unchanged, Fig 4.2 shows the nature of the
spectral distribution at different heights based on such a
study. The curves are obtained by dividing the rates in 20-46,

46~74, 74-102, 102-130 and 146~174 Kev intervals by the rates

in 174-202 Kev for different atmospheric depths., Constancy of

N

the *color' index for different channels upto 20 g ¢m” “depth

as seen from Fig 4.2 indicates that the spectral nature is

independent of the atmospheric depth upto this height. For
. ) —p . ; :

depths less than 20 g cn™*, j change in the spectral shape is

clearly seen in the curves 1-4. Further it is evident that’

the change has occurred in such a way, that there 1s a rela-
tive increase in the lower energy fluxes compared to the
higher energy ones. Such a softening of the spectrum can then
be rightly interpreted as superposition of the secondary

spectrum by an additional steeper spectrum the effect of which
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becomes more pronounced at smaller atmospheric depths. This

method of ar lysis makes the presence of @xLIatLLrU trial
N - ) ) . e € - M2 3
radiation apparent deeper in the atmosphere at 20 g cm 7, 1n

2 ) . . . .
contrast to the 12 g cm™“ whence only evidence is obtained
for these radiations from the altitude profile of the count
rates. It therefore appears o give a more sensitive indi-
cation of the presence of extraterrestrial radiation with a
ditferent spectral nature at small atmospheric depths. In
this context it is interesting to record here an observation
: 4 DAL - : +
by Vette (1962) as early as 1961, In his measurements of
the atmospheric photons in the energy interval 25-1060 Kev
using an omnidirectional NalI(Tl) crystal, a similar soften-
ing feature was observed at atmospheric depths less than

-2 . .
10 g cm™, As the presence of extraterrestrial X-rays at
these depths was not known at that time, no explanation was

provided to this peculiarity,

From the results in chapter III, it is clear that

the atmospheric dependence of the secondary count rates for
Yot e T : -2
depths less than 100 g cm can be, to a good appro ation,

represented by a power law. The power law index & 1is nearly
the same for all the enerqgy intervals and its value ranges
from 0.4 to 0,5, Bleeker and Deérenberg (l970)33 have deduced
the magnitude of this index from data corresponding te three

different geomagnetic latitudes (cutotf rigidities 2.6,5.0

and 11.5 GV) for the energy range 20-180 Kev.They quote its
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value as ranging, from 0.3 to 0.4, If the difference belween

the values of o measured in the present expériment and that
quot@ﬂﬁby Blecker and Deerenberg is genuine, th@n»ft predicts
a relatively lower background intensity at small atmospheric
depths in relation to similar intensities deep in the atmos~
phere over equatorial latitudes compared with high and middle
latitudes, The larger value for ¢x_ in the case of low lati-
tudes can possibly be explained if we consider the fact tﬁat
the source layer for low energy photons of energy greater |
than 200 Kev, which are mainly responsible for the secondary
background registered by the detector in the 20-200 Kev, is
situated deeper at Hyderabad due to the higher average pri-

mary enérgy‘of cosmic ray charged particles.
4,2 FLUX, ENERGY SPECTRUM AND ISOTROPY.

Observations of the present experiment on the

L :
diffuse cosmic X-rays can be adequately represented by the
:

power law relatilon

N 2,4 3 . - — -
%E=:162E 2‘4J:O’Qphotons cm 25@0 lsr'}k@v .

for the energy range 20-130 Kev. In Fig 4.3 the réﬁUliS
obtained here are compared with those of other invéstigator3q
The points corresponding to the present results berfain to
extrapolation from 7.8 g mezg Table 4.1 summarises the rele-

vant spectral parameters corresponding to the power law distri-
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reported

b

gator

bhution for observations VT

ranges by various investil

th have been o

1ese

that results

ing a variely of experimental t

i

conducted at widely varying 1

Although for all the

spectral assumed

out that

Spect trum ot th

he results in

be inves to decide

tigated

spectral shapes represent the

As already pointed in

spectral shape i1s strongly indi

to 1000 Kev range. Owing to the
8 S

s

the values of the quoted {fluxes

knowledge of the background,

reliable

weighted mean (welghing factor =

measurements summarised in Table

4,

quoted well as of the pr 1t

as

errerqgy interval 20-200 Kev,

bta
echnigue

atitu

3

0

and 3.4,

ohs

arlsing

comparison amon
measured spectral index

g

todate in similar energy

ald be borne 1in mind

ined from measurements us-

-
<

and {from experiments

des.,

discussions here a power law

it is necessary to point

ot rule out a thermal energy

ent fror

(\/1(

A more wider energy range

which one of these two

(@

ervations better.

chapter I, a change in the
cated from the data in the 1Kev

unkriown systematic errors 1n

from the incomplete

characteristics etc.,

the observations 1

taken

c:

'nt for the photon flux. The

7)) spectral index of the

1 where errors (o ) are

e )
o 4) o

result is n 44+ 0,1 for the




above criterion leads to a value for 'n?

for the ene Kev, The values

cueted by

N
andd Hayakawa et al (1966)7 ", as

Gorenstelin ot

, 28

by some other workers™ have been excluded from

these calculations. The indices obtained by these investiga-
1igher, arcund 1.7. Comparing the value of
the index 1,33 at lower energics with 2.44 obtained for the
20200 Kev range, a steepening o
between 1L and 200 Kev, is stronaly indicated. From a detalled
comparison of the ained in different energy ranaes,
Boldt et al (i@éQ)L; suggest a
interval 20-80 Kev. Gorensteiln

~
Es

hand find no evidence for such

60 Kev, But the observations of these worl

80 Kev., These facts therefore suggest a spectral

break below 20 Kev. But where exactly the break occurs is not

or

ther the break is abrupt

gradual., As the implications of the nature of the spectral

break on the origin of this radiation is important,it 1s felt

that more refined spectral analysis bhelow 80 Kev with high

counting rate detectors should bhe made before drawing defind-

3 : :

tive conclusions., In the region less than 1 Kev,measurements
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o : , e 20,24, 28 . C
have been made only at 0.25 Kev’ Correspondlng to the

carbon window of the proportional counterﬁ; The flux appears
to be anamolously large compar red to the expected values from
the extrapolation of those in 1-20 Kev range; that is the
spectrum appears to steepen rather drastically below 1 Kev,
Regarding the intensity aAnand et al (1970) “have
pointed out an interesting fact that the uppér limits placed
on the diffuse background by the present experiment as well
as by Bleeker et al (1968)43 are lower than the flux values
measured in cis ‘Un“T space between 150 and 200 Kev range., TIf
this discrepancy is genuine, more intensive study of the space
cratt deta especially with reference to the nature and extent

of the background is felt desirable.

2@4',

If the spectrum 162E™ obtained in the present

experiment for 20-130 Kev X-rays is used for extrapolation to

derive the integrated intensity beyond 100 Mev, a value of
o) -2 -1 -1 . . e . -

10" photons cm” “sec” st is obtained. This is an order oI

magnitude lower than the flux measured at these encrgies.

Therefore the conclusion seems inescapable that the absolute
intensity of the isotropic gamma ray component ohserved by
050 III, if really genuine, cannot be explained by the same
meghanism responsible for the X-ray background. Further,
observations of the gamma ray region below 100 Mev should

reveal a flattening ot the extrapolated X-ray spectrum,which
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may be attributed to gamma rays produced by neutral pi mesons

generated by cosmic ray interacticns in extragalactic

cmam et 4,45 . B T - T,
space . The recent measurements™ by ERS-18 satellite

of cosmic gamma rays above 1 Mev, cutside the magnetosphere,
indeed show evidence for appreciable flattening of the photon
spectrum between 1 and 6 Mev. Whether this is the genuine
cteristic of the intersteller gamma rays or is due to

: o 43, 146
the response of the @GtGC“orl y 146 can |

charsz

[a8]

be contirmed only
cfter a more exhaustive study. Considerable work therefore
remains to be done before any positive conclusicns can be

drawn on the intensity and spectral characteristics of cosmic

gamma rays of enerqgy greater than 1 Mev.

Coming to the problem of isctropy, as already men-

tioned earlier, knowladoe

-
a5}
ot
o
=
[0}
(@]
Ty

tant to establish the galactic or extragalactic

this radiation. In the energy range 20-200 Kev, observations

of various investigators have failed to detect the cxlstence

The present observations

. , . - ~h,m AT
corresponding to the region of the sky RA=20"'30" to oo™

of anisotropy in this radiatir

l

. o , . -
& =37%nd -3 can be usefully compared with two portions of

hj

sky scanned by Blecker et al i.c, RA=6

o]

th
Nemo ¢ Lo o, : e

RA=5"30", ¢ =35 (Fig 3.7). All these flights essentially

measured diffuse X-rays since either known discrete sources

were not within the field of view or where a source was D ar-—
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tially Qbserved, appropriate corrections were applied,
At 60 Kev, the anisotropy estimated 1s aboﬁt 10% between
these observations. As this is not above the statistical
fluctuations in the counting rates, the value is cssentially
an upper limit. It may be noted that the region marked 3
covered the galactic plane whereas 1 and 2 pertain to
regions away from the plane. It can therefore be concluded
that the contribution of our own galaxy to this component

of radiation is less than 10% in this energy reglon,
4.3 J5 TON ON THE DETECTOR SECONDARY BACKGROUND,

4,3.1 Limitations of Calculations,

The estimates of the secondary background, given

in Chapter III, from miflcrcwi nossible sources have been

made under various simplifying assumptions. Uncertainties
in the estimates of the background arising from the atmos-
pheric X-rays and secondary photons interacting with the

n

-

[t

crystal after falling directly through the forward openi
or filtering through the shields (factors a, b, ¢ and d in
Chapter I1II), are expected to be small. The values quoted
are realistic within the statistical errors of the flux

values uéed i,e. within 10-195%. The use of a transparency

factor corresponding te the thickness of the lead collimator

leads to a slight overcst Lm te in the value of (d) because



the path length for the photons other than those incident

normal to the telescope axis is expected to be higher, with

the corresponding increase in absorption

hand (f) and (g) have

every photon in case of (f), half{ the number of photons

generated in the lead collimator and plastic scintillator as

L

well as all the photons resulting from interactions in Nal(Tl)

central crystal only. While such an assumption holds good

to an appreciable over-

for lead and plastic. This 1s because, even among
half the number of photons
a small percentage finally strike the NaI(Tl) to cause con-

tributory effects in the 20-200 Kev interval. In addition,the
use of thermal neutron cross sections for all the neutrons in

the energy interval 0.01 to D ev will result in an additional

role of these proc

.

Similar arguments hold good for the contribution from star

production in leac
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4,3,2 Nature of t he B

the baclground encoun-
tered at high altitudes over equatorial latitudes can be

accounted for in terms of Lhe

Compton sca
of energy greater than 200 Kev in lead collimator, plastic

scintillator and crystal which are subsecquently

lev interval., An important characte-

section

20-200 Kev regime is same for all energies in this interval.
This means that the resultant spectral distribution of the
background in the 20-200 Kev range is expected to be flat.
This conclusion is well substantiated by the present obser-

vations, where the extrapolated secondary background fluxes

in the 20-100 Kev and 100-200 Kev intervals are nearly the

evident from the flat nature of the secondary spectrum
shown in Fig 4.1.

The generation effects in the plastic antishiel

and lead collimator due to degradation of higher energy pho-

tons account for n fifty percent of the observed secor-

dary background, In

1477

Peterson (1967)" evaluate




lead shield by flying a 2.54 cm diameter by L.27 cm thick

ithout ((il mation at 8 g cm

~ BN ) - s - P
ovex‘f\r;40 . In the 50-1850 Kev range, by compa

h those expec’

cetional

effected by the collimator, he concluded that 94% of the

effects in lead. Such a large

collimator in this case ofcourse arises due to the larger

thickness of the shield used, which enhances

effects of higher energy photons. Also as no anticoincidence

~tribution from electron bremstrau thlung

. P |
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The

ibution of atmospheric X-rays consti-

tutes about 10% to the observed background over equatorial

)
1
J

latitudes and hence is not important. Similarly the

s ; . . e ()
of the secondary nucleonic component like [f mesons and

neutrons arc also negligibl

)

(1970) 77 have

the latitude effect of the atmospheric X-rays AXR) in the
& Y



©0-100 Kev interval at 7 g cm < upto 11.5 GV cutoff.Intensity

nplied here, “(JIPSWHHPC to the

of the atmosphe

(a) i.e. those coming through the

contribution of
forward opening only. Combined effects of the rest o f the

authors as

factors, (b) to (h), have

R b
/

cosmic ray induced background (CRLIE Their latitude effect

curve Tor atmospheri rays when extrapolated to 16.9 GV,

(‘,
P

|
o

Leld £ ’*”’J‘lfcnﬂf'gj” as already
vields a flux e as alread

4 S J6 A DR R G Y« .
mentioned 1in the intensity ot

atmospheric X-x

1.

factor of 25 at 7 g cm “ of atmospheric depth between higl

and equatorial

otherhand is

f)
ct
Q
-
s
[l
SN
O
ot
D

latitudes. The latitude eff

less pronounced. In Fig 4.4

TN Ty " R . o L JAY NS e Y ey g
for 20-102 and 102-202 Kev intervals upto 16.9 GV 1s shown

in the present

r_
D
N
=
o
il
n
e
fd
-~
o

by using the background rat

Deerenperqg. The

CRIB over Hyderabacd,

heen used in calculating the flux of
That the value so obtained falls on the extrapolated part of

the curve corresponding to higher

to

independent proof that the atmospher!
the secondary background counting rates of the telescope at

the equatorial latitudes is negligible.
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ts ot the atmos-

the CRIP at different latitudes for these

an be had from Fig 4.5 where the ratio of the

to thet of atmosphe A-Tays 1s

a function of cutoff

varies from about

latitudes.

of the Various Exper

4,3.4 Evalu

These properties of the equatoris

rather interesting implications on the operation of

mechanism used by Bleeker

measured when the shutter closes the forward opening of the

telescope is that of CRIB, whereas in the open configuration

the growth curve for the intensity of AXR for depths

.

! -2 : o o .
than 20 g cm ©, where cosmic X-ray contribution is insignil-

ficant., At equatorial latitudes, due to

intensity is atleast 20 times more than this component for

detectors with moders

experiment as
lity appears less feasible. The short sampling times of the

order of a minute or two, for which the

at different depths during the ascent phase
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would lead to statisti insignificant difference

fluctuations of individual observations have to be less than

L

59% Lo resolve the atmospheric X-ray background from CRIB,

fore incorporating the shutter mechanism apEEaTs
introduce no added advantage to the observations made with

1

inting rates

detectors of mode

are performed at equatorial latitudes,

-

To understand the dependance of the sensitivity

between 20100 Kev

of the X-ray telescope

udes , ratio of the intensi

at 7 g cm™ T over diife:
‘h to that of the total secon-

as o function of

cutoff rigidity, and is shown in Fig 4.6. The computation has

been carried out using the primary spectral distribution

d 2.4 L N

=== 162FE" obtained in the present experiment, after

correction for the atmosphoric absorption effects.
b R

=4

clear that this ratic increases by a factor of 3 from 2.0 GV

to 16.9 GV

implying & significant improv

radiation at these

for detecting extraterrestri

sensitivity
energies at low latitudes

that should be borne in mind is that many

of the ahove considerations, though qualitatively true for

crystals of various thickness, are not strictly valid cquanti-
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aus e CRIB 18 &

CRIEBE can be

with

a ftour

of thal measur

[ JENPE G U W R, R . [T T e b ey o P
L.2 cm thick one, An idee of the improvement in the sensiti-

by the reduction of crys

at different latitudes is obtained by recomputing the ratio
Icxr

T P

TAxR T FCRIB

.

one, other quantities remaining the

where the new 1., , is one third of the previous

+ %)

his curve is

o by e 1 s . . i : s .
shown by tne dotted line in Fig 4.6. By comparing this with

the solid line corrtespondir

evident that for cquator

ment so achieveod is o F

latitudes., This shows a

in reducing the

crystal thickness for detectors to he flown over equatorial

I TSN SRR 1o [ P S S SR n i
Latitudes the effects of the atmosphe

ic X-rays in

this energy

In otherwords, by sui-
e ] s SR T N Y S O T P o . 1
reducing the crystal thickness and flying the detector near

to gain a




oA
RS

in sensitivity over that at

factor of

high latitudes (with rigidity cutoff near 2 GV) for primary

X-rays of atleast upto 100 Kev enerqgy.

* The sensitivity is defined here as

o

on counting statistics.



CHAPTER ~ V,

DISCUSSIONS OF THE RESULTS OF ATMOSPHERIC PHOTON
MEASUREMENTS IN THE ENERGY RANGE 135 Kev 1O 1193  FKev,

5.1 ORIGIN OF THE ATMOSPHERIC LOW ENERGY PHOTONS.

From the phenomenological description of the
cosmic ray produced secondary radiations in the atmosphere
given in Chapter I, it is clear that the low energy photons
under study can be associated with either the electromagnetic
(soft) component 6r the nucleonic component. The observations,

93 95 . .
of Anderson (1961)7° and Peterson (l@éo)) from high lati-
+ " 94 . C 3 g .
tudes, and Vette (1962) from mid-latitudes, have given
evidence that bulk of these low enerqgy photons originate from
- F - 1 0 . e sy H00
the soft component. Recent work of Haymes et al (1969) at
mid-latitudes further substantiates the ahove conclusion. On

02 .
: his observations

the otherhend, according to Jones (1961)
are more in agreement with a nucleonic origin. for such low
energy photons,

-1

The conventional technique of exploring this

genetic relationship is through a comparison of the absorption
length for these photons with those of other secondary compo-
nents in the equilibrium region of +he atmosphere from 00y cm

-2

to 200 cm . In the present experiment, the absorption

e

length for gamma rays having energy between 135 Kev and 1123

. -2 , , .
Kev is found to be near 200 g cm™ ., For the convenience of
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comparison, the sbsorption lengths observed for various

secondary components are summarised in Table 5.1.0bservations
corresponding to equatorial latitudes only are chosen to eli-
minate the possible difficulties in the interpretation intro-

duced by the geomagnetic effects.

One fact that emerges from a close study of th's
table is that no definitive conclusion regarding the associa-
tion of the low energy photons with either nucleonic or elec-
tromagnetic component can be drawn by a straight forward com-
parison of the values of the absorption length atleast for
equatorial latitudes. There appears to be no clear cut and

consistant difference in th

¢
a

values of the absorption lengths

£

0ot the nucleonic and electromagnetic components., The absorption

s

. . L . ot -
lengths guoted by Daniel et al (1969) and Appareo et al

. 150 : ‘
(l968)l ~ for the high energy neutrons are nevertheless lower

!

that atleast

than those of other components. This fact suggests tha

high energy neutrons are not responsible for the origin of
the low energy photons. Also the close agreement between the
values of the absorption lengths of 0.51 Mev photons and the
remaining portion of the low energy gamma spectrum shows that
these are genetically related to each other.

Another method of investigating the problem of
origin is through the comparison of the depths of the tramsi-

tion maxima for different secondary components., The transition
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cima for gamma rays of different energies including those

of 0.51 Mev energy occur around 125 g cm 7. The M Cou

and ion chamber rates alsco show a maximum around 120 g cm 7

the same being the case for slow neutrons observed by

[l

ind the maximum for fast neutrons of 1-10 Mev enerqgy near
-

~ o -
100 ¢ cm over Hyder

4, whereas Daniel et al observe a

value of 130 g cm for 10.D00 Mev neutrons over this

For an electromagnetic origin of the low energy

one should expect a transition maximum which is situeted
compared to the secondary nucleonic component. This is
because the earlier interactions leading to the production of
neutral pions are nuclear, and these will therefore occur at
higher altitudes before the predominance of the electro-

. -

2 : ; ~ i
magnetic effects subsequent to the decay of these 7] mesons

are felt, On this basis, the above values for the depths of

the transition maxima

the various secondary components

lead to no conclusive evidence for associating these low enerqgy

radigtions with one or the ot of the secondary radiations.

2.2 NEUTRON INDUCED EFFECTS IN THE CRYSTAL.

Some contribution to the obscrved count rates is
also expected from the radiative capture of thermal neutrons

and by star production in NaI(Tl). The capturce of thermal

neutrons by Nal will todin the prompl emission of gammia
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N

of several Mev energy. Most of 1§

Tays

energy losses greater than 1 Mev and wi

integral channel,i.e. enaTgy s L1123 Kev,

24 127

topes Na nd I , which result from

<

hrs™

o
ey
ot

E ~deca half-lives

v with

il

vely. These electrons will result in

Mev.

An estimate of the con

rates due to thermal neutrons has be

and I have thermal neutron capture CTos

[_.

3

7.0 barns

4

G <

nolecule, The use of this cross section

~
£

ate which includes those due to emissi

..4
~

of

Hence reaction rates

limits only. However, the capture rate

CIro

<
v}

0

using the thermal neutron

although the fast neutrons in the atmos

by collisions with Nitrogen

through lq(ll, )) Clq, NiAWrw,t) C‘Z reac

completely thermalised, Owing to these

city spectrum of the low energy neutr

to be taken into account in these calcu

absorption cross sections in Na and

hes

However,

151

some

tribut
een made

s sectlons

the present measurement)

esthimat

section

and Oxygen,

ons

¢ will result in

11 get counted in

hoth

the neutron captur

=

e e 104 .
and 25 min gregpectlw

losses bhelow

energy

ion to the counting

as follows. Na

of 0.9 barns

resulting in 7.5 barns per Nal

will lead to a reaction

on of VY -rays below
also.,
ed will be upper
canmot be calculated

lata directly because

)

phere are slowed down

they are captured

tions before becoming

processes, the velo-

s in the atmosphere

lations., But since the

as the inverse of
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the velocit the neutrons

be calculated it the capture

i
in some other = absorher is

g ovide the

YLi

counter

necess

5 ATy

e
joia

tion 1t is a etector

low latitude data or of slo

Soberman (1956) used here to

o

are

rate in ., The ¢ rate in &

apture

calculated in these experiments as

counters were used, one with

i}

10%
96%., Once the

for Nal crystal can be compute

= A:':}, 1 t

et al (i94O)lJ\ depen

1 ) .
and B”O to calculate this co

ctively. This

Sec“l

comput

t 0.2C for the present

mum over equatorial latitudes,

the

for neutron energies 0-10 Kev,

two

510

capture rate in B

ation

capture rate 1n Nal can

atmospheric neutrons

criments involving BF

as Lo a good approximi-

neutrons given by

oOw

ate the
10

calcul capture

100% B Fa can be

ts of

different

D

S

enrichment and other

in known, the

d by the method given by

dent cross sections used

ntribution are 1.,ZE i and

leads to counting

detector at Pfotzer maxi-

a negligible value compared

with the total counting rates (1230 sec"l) encountered in the

experiment.

The flux of

is estimated trom the

measure

latitude correction, whose magnitude

that of fast 511

5

Lnten

6) 137*

to the neutron

Holt

O

observed by et al (1

e

of Lord (¢

5%

star producing neutrons near equator

is assumed to be similar

latitudinal distribution

Ly

intensity ot O. AOnem “sed
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; e . U. . S
observed by Lord at Pfotzer maximum over 55 N latitude is

therefore reduced by a factor of 7, resulting in 0.07ncm"sec

over Hyderabad., Following Lord, geometrical cross sections

[oN4] ~
. . R o : . . ~ s 2 .
are assumed whose values for Na and T arec 1.49%x10 c and

r,‘

24 2 . . ; .
0.45%10 nT respectively. Therefore, the total geometrical
cross section for NMal is 1.94 barns per molecule. Hence for
the crystal used in the present experiment the total cross

section i1s 2,95 cm™. The star production rate in the crystal
C - - - ~1 - ~1 ; .
1s therefore 2,95x0.7 sec” "=0,2 sec” ~, at the Pfotzer maximum,

agaln a negligikble contribution to the observed count rates.
5.3 NATURE OF THE SPECTRUM,

The Continuous Spectrum,

n
(6))
-

The nature of the observed photon spectrum can be
qualitatively understond by sn argument similar to that given
N e R

by Peterson (1963)7 " and is as follows. Most of the photons
below the cascade energy undergo either a single pair inter-
action or get degraded by Compton scattering. A 70 Mev photon
for example in one radiation length of air has a probability
0.5 for pair production and 0.14 for Compton scattering. In

the event of C ton scattering, such a photon loses on the

®

L.

average 54 Mev in the first collision, and gets reduced to
Mev in four subsequent collisions. On the otherhand to reduce

a 1 Mev photon to an energy of 20 Kev, where photoelectric



absorption can result, atleast ten more collisions are nece-
ssary. This means beyond 1 Mev, the energyvd@gr&daﬁiom per
Compton scattering becomes less and less with the reduction
in the energy of the scattered photons till photoelectric
effect catastrophically removes them. This results in the
Sﬁeep nature of the spectrum, with more number of lower ener

photons compared to higher energy ones.

The observed energy less spectrum in the present
experiment can be adequately represented by a power law
function of the type KE™". The spectrum appears to maintain
the same shape upto the smallest depths of the atmosphere
with n=2,5. This can be further seen from the study of the
color indices shown in Fig.9.1, The spectrum derived af
the correction for the photopeak efficiency has an index of
1.79, This is comparable with the index of 1.87 quoted by
Haymes (l969)lo® for mid-latitudes, Vette (] QGJ)Jf, on the
otherhand, gives a value of 1.38 for the energy range 25-1060
Kev from observations over }K‘m-4O > N, This discrepancy may

be due to Vette using only four channel information +o

derive the spectral distribution in this energy interval.
The derivation of the spectrum after correction for the photo-

peak efficiency in such a simple manner is not strictly

valid as pointed out by Chupp et al (1970)l” . These authors

i

point out that the conversion of the observed counts

S L R | S

: L | e
cm “sec Tsr “Tkev Tto photons cm Tsec Tsr Tkev using  the

gy
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abhove prescription is valid only as long as gamma rays ol a
unicque enerqgy produce pulse h@iqhtﬁ corresponding to the

same energy. In the unshielded Nal(Tl) detector, this assump-
tion is valid only for photon energies less than‘ljj Kev, For

higher energies, to unfold the true photon spectra from the

registered energy loss spectra, accurately measured detector
response functions must be used. Such a detailed procedure 1s
not attempted here, but the calculations have been done

strictly for comparison purposes.

in Fig.%.2, the energy loss spectrum measured in

-~
£

the present exo@riment at & g cm™ T is shown with those observed
by other workers. One fact that should be borne in mind about

this representation is that these observations have been

made at different latitudes and using a variety of detectors.

The altitudes at which the reported spectra were measured are

also different., In addition, the observations have been made

at different epochs of the solar activity. These may be

especially important to high and mid-latitude measurements,
where the primary cosmic radiation is knewn to uncergo appre-
ciable time variations. Therefore without applying correc-
tions for latitude, altitude, time variations as well as the
detector responses, quantitative comparison cannot be carried

out, In the present state of lknowledge, unambiguous correc-

tion factors are difficult to make as the pertinent details
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are not well understood,

5.3.2 The Annihilation Line at 0,51 Mev,

As shown in Fig 3.14, excess photons of energles

present in detectable numbers at all

around 0.51 Mev line
y

atmospheric depths below 500 g cm” © upto the cei

2 . . A
of 6 g ¢ . While most of these photons of energy about

ling altitude

0.51 Mev must be due to the annihilation of cosmlc ray secon-
dary positrons coming to rest, some are also expected from the

7 RQC

nedtron induced reaction 1 in the detector,

To estimate the extent of the contribution of
these 0.5 Mev photons, the fast neutron flux in the atmosphere
at the transition maximum measured by Holt et al (LO66)1%7

over Hyderabad and an interaction cross section of about

1 barn for (n,2n) reaction in Iodine are used., The resultant

I_.J

reaction rate is found to be equal to 0.24 sec”™ for the
present crystal. This is about 5% of the measured counting
rates near 0,5 Mev and therefeore is not significant.Moreover

126

_t ll I AL

s
D

undergoes pesitron decay with a half-life of 13.2

days, which is quite-long compared to the flight duration of
bout 4 hre P e g 126 . .

about hrs, with the result that I activity will be sub-

stantially below the production rate; in otherwords, the Tate

computed {rom this possible source of positron production is

only an upper limt,
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Due to the limitations of the PHA used in the

| A
-

present experiment, multichannel information around the
energy 0.5 Mev could not be obtained. Such an information
would have enabled the fitting of the accurate response

function of the detector, which is nearly Gaussian, to the

observed spectral distribution about this energy and hence

the derivation of the accurate intensity. MNevertheless by

- “f ]‘C

carefully measuring the di under the

erence 1in the

peak and the continuous distribution of the spectral curves

)
e
[©)
[
e

at different depths, a good idea of the intensity is obtea
The intensity obtained at the transition maximum for this
line is about three times that 2t 6 g cm™ 7. The rest of the

continuous spectrum has also

~

comparable to the ratio 3 and

and ion ch =ctively

over this station. From the intensity of the annihilation

, the positron production rate for

N

one cm® column of the atmosphere is found to be 3.4 posi-

: - -1 w o . , :
trons cm” Tsec” 7; resulting on the average 42 positrons per

r

primary particle over Hyderabad. Most of these are without

. - e e L . - ek )
doubt from the pair production by gamma rays from [i “decay;

but some may he due to other meson decays and probably a

small fraction due to low energy neutron induced proce



9.4 LATLTUDE EFFECTS.

5.4.1 Continuous Spectrum.

Study of the latitude effect of these

low enerqy

photons is of interest for its comperison and correlation

components

with the intensity of ot

as a function of cutoft rigidity. Such an analysis is vital

to the investigation of the oricin of these low energy pho-

3
7

L L ~y ul

tons, Firstly it is evident from the Fig 5.2, that the

observed intensities over Hydere

consistently lower than those observed over mid and high

Latitudes for the same energy range of photons, For example,
- ) ) '
the flux measured at 6 g cm™ = over this station can be

: . , . , - o
dirvectly compared with those of Peterson (LQGS)Q over

Minneapolis. Uncertain normalization factors are not invoked

-

for this comparison as the crystal used by Peterson was

about the same size as that used in the present experiment,

All the fluxes meapolis have heen

to twice thelr origi-

i

nal values, Hence the

new values are used for the present

and Minnea-

study. The intensities observed over Hyderabac

P T | ", a
Labhle 5.2,

polis at different energies are shown in the

It is clear from this table that except for

photons with enerqgy

around 200 Kev, in the rest of the energ
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ranges, the fluxes reduce by a factor of about seven from
Minneapolis to Hyderabad. For 200 Kev photons, the effect

appears to be lower, One fact that should be borne in mind

about this comparison is that, ‘he time variation

effects are negligible for Hyde: may not be so for

Minne&pol.da Therefore these values for the latitude

=y

ffect should be treated as that corresponding to the epoch

@

D

1

1961, when the experiment over Minneapolis was conducted,

O

Useful comparison of Vette's cbservations over 'uwm’40 5
can also be made, as these were also carried out during 1961,

| K , : e 0 =L, )
For 200 Kev photons he quotes a flux of 7.0 counts cmsec Mev

o) . L VR .

at 5.4 g cm’ ¢ atmospheric depth. Applying 10% altitude

. s L. o . o
correction, this results in 8 counts cm “sec “hMev “at L gom
about 1.6 times the observed intensity over Hyderabad. In
otherwords, the flux reduces by & factor of about 3.8 belween
) O - . - :
=557 and ﬂMW~4O . and further by a factor of 1.6 between

A O Ly = 0 e : : ,
A =40 and /| _=7.87. Buch a direct comparison cannot be
m *

made for the higher energy photons observed by Vette with

T TR Y S DUV SRR SR e ey - T g S ol T L VR,
those of the present experiment, because of the unknown
efficiency corrections that has to be applied to Vettes
fluxes, This is especially serious for higher energy events,

the crystal used by Velte were

because the dimensions ot
smaller.

The latitude effect in the intensity of the low



enerqgy photons can be for the ion chamber

rates, because The 144 tudinal behaviour for the latter is

more or less well established™™ 777, The ion chamber rates

at 10 g cn™? over Minneapclis, corr Hing to the epoch

i i

have been given by Callender et al™™ " as 258G ion palrs

-1

sec Tcc Tatm 7. The

1961,

1) over

Hyderabad yield 32 ion pairs sec oo Tatm at the same
depth, which means a factor of eight reduction compared To
Minneapolis values. Comparing this wilth the factor of seven
for low energy photons, 1t is apparent that the low energy

mpered to 1on

,\
0
-
]
o
-
5]
s
i
~
O
-
[N
o]
@]
s
-~
"‘

gamma
chamber rates. As the latitude varietion of ion chamber
rates at the altitude of 10 ¢ cm reflects that of the
nucleonic component, the difference in the latitude eite
for these two is suggestive of the gamma rays not belng asso

ciated with this component, In Fig., 5.3, the latitude effcct
3 e 2

for the different secondary components are shown along

iation. The rates have been

that for the primary cosmic

normalized to those corresponding to N =557 (the magnetic

Latitude of Minneapolis). The latitude variations for neu-

trons, mesons and hove heen computed

from a figure by ing their absolutle

intensities as a function of magnetic latitude. Here too 1t

ie evident that the effect of magnetic cutolf rigidity o
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200 Kev photons is considerabl: neutrons

or prin cosmic rays. The effect in 0.51 dev line intensity

is discussed later.

It is also inter

of the transition maximum &
these low energy radiations have any dependence on the geo-

components of the continuous

magnetic lati tude.

iserved to

spectrum observed in the present experiment are o

have their trensition maxima around 120 ¢ cm ., Peterson's

value over Minreapolis is 90 g cm . Over

96 .
) P

O .
observe Tthe maximum at

(A =41") Boclet et 2l (1963

-
' - .
about 100 g cm for the 0.1 to 1 Mev gamma rays, whereas in

) 100 .
the recent measurements of Haymes et al (19069) Y from

alestine, Texas (cutoff 4.6 Gv) the maximum is found to be

)

(’\

around 90 g cm 7. therefore strong for

the existence of cftect for the depth

I

of +the transition maximum between mid and low latitudes for

these photons. Besides,

1

altitude compared

chamber maximum oCccurs 5o0m

maximum, The present low latitude measure-

rerhand do net show clear

chamber, M counter

all these o

~

at about 120 g cm 7 cover Hyderabad,




in the atmosphere in of low latitudes can be under-—

stood as due

and secondary

actions, This results in penetration of

ticles thelr enerqgy

ar

kel
2
o]

sufficiently so as to stop further production of secondaries,

) The absorption lengtn

e present experiment iec found to be about 200 g cm .

in tr
The mid-latitude measurements of Haymes el al and Vette
- : - ;
vield 140 g cm = and 163 g cm © respectively for the low
energy gamma rays, whereas Peterson's measurement at high
-2

latitude show 180 g cm”™“., The absorption length, therefore,

.

appears to increase towards low latitudes from mid-latitudes,

This would mean that the relative change in the intensity of

this radiation in going deeper into the atmosp

over low latitudes ceompared to mid-latitudes., In otherwords,

production of these radiations is still

E
Lo

depths at

of 0.51 Mev Line.

Before investigaling the extent of the latitudinal

variation of this line, it is worthwhile to summari

from observations made at

available data on this
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different latitudes. In table 5.3 the present day status of
the knowledge on this line is compiled, Before proceeding;

few remarks about this table are'in order. First of'all,thé

ihtehsity measured by Frost et al (1956)l0J is now in agree-

156

ment with Peterson's (1970)" revised values, since a dis-

crepency by a factor of two existed in their published

results., Observations of Chupp et al (l970)99 during 1967

and 1968 are consistant with each other, but lower than:

their earlier value (1967)98 measured in 1966. This is Attrie
puted to the inexact efficiency factors used in deriving the
100 |

previous results. Haymes et al (1969 are of the opihionnnLi

that there is a line structure at 490 Kev *ather than at
510 Kev. At D10 Kev, they are able to quote an upper limit

TS B

only. &ince then, the actual energy of this line, whether
C : N 1515 B, S
it is 490 Kev or 510 Kev, has become controversial . But
no experiment conducted to date can unequivocally clarify
this point. Because of this and due to the fact that there o
are strong reasons for the existence of 510 Kev line, in

the present work it is assumed that the detectec intensities

correspond to 0.51 Mev energy only.

It is seen “rom the table .3 that from 1.3 GV to

16.9 GV cutoff, the intensity of these photons reduces by a

RES

~factor of 7.8 at 6 g cn™?. This is nearly the same as that

observed for the rest of the gamma ray spectrum and hence all
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the aspects discussed in connection with the letitude effect
of the continuous gamma ray spectrum are valid here too.

Comparing the observations of Chupp et al(l970)99

with those of the present experiment, a reduction by a factor
of three is seen between mid-latitudes and equatorial lati-
tudes for this line. An intensity of 0.2 photons cnZsec T at
4 g cn? is assumed for mid-latitudes which is corrected to
0.24 photons cm%sec™t at 6 g cm™? by applying 20% altitude
effect. In Fig 5.4 is shown the latitude effect for the

0.51 MeQ line plotted from the published results of various
observations. All the observations are reduced to 6 ¢ ém"z by

applying small altitude corrections. As these measurements

have been made ¢

t different epochs of the solar activity,
such a curve will not be the exact index of the latitude
effect, unless corrections for jime variations are made. But
as is clear from the table 5.3, neither the observations of
Peterson and Frost et al in 1961 and 1962 respectively from
Minneapolis nor those of Chupp et al during L966 to 1968
from mid-latitudes give any‘indication of consistent time
vériation.effects. Under such circumstances, it is diffi-
cult to evaluate the extent of its effect in the existing
observations., Fig 9.4 also shows the latitudinal distribu-
tion of the messured intensities at transition maximum,

From Fig 5.3, comparing the nature of the intensity variation
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of the aﬁnihilation iine'with latitude, with those of other
components, it is clear that it does not foilow either the
neutron component or the primaryvcomponent. The variation

of the intensity with latitude for these ,51 Mev photons is
more than that for the neutron component at higher and middle
latitudes, but towards lower latitudes the change appears to
become less compared to the neutron intensity variation.The
'depth at which the maximum occurs for 0.51 Mev photons also

appears to/change from 90 ¢ (:m”2 at high latitudes to 95¢ i
at mid-latitudes and to still higher value of about 125¢g uﬁz

at low latitudes,

The positron production rate in a vertical column
of the atmosphere is estimated by using the intensity of the
annihilatien line as a function of depth. It is illuminating
to see how this positron production rate per unit primary
particle changes with the cutoff rigidity. Such an investi-—
gation can give an insight into the energy range of prima-
ries which are most responsible for the production of ﬁ@si-
trons in the atmosphere. In Fig 5.5 a plot of the results
of such a study is given, It is interesting to note that
the number of positrons produced per primary cosmic ray
particle increases rather sharply with the decrease in magne-

tic latitude from high to mid-latitudes but later levels of £
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towards lower latitudes. This can be understood if account
is taken of the fact that the positrons result from pion
produgtion, énd fhe average pion'multiplicity per primary
increases with the energy of the particle. As average primary
energy of the particle goes up by mdving towards lower lati-
tudes; a higher pion multiplicity results, which expiains the
observed behaviour. Moreover beyond about 4 G v primary cwtqﬁf
Végéd%% all the particles appear to be equally effective in
the production of positrons as is evident from the flatten-—

ing.,

5.5. COMPARISON OF ATMOSPHERIC AND COSMIC GAMMA RAY
INTENSITIES.

It is significanf to compare the intensities of
the low energy photons observed in the present experiment at
6 g cm“2 atmospheric depth with those reported by Metzger
et al(l‘964)34 in Ranger space craft 3. These observations
made in cislunar space are at present accepted as the flux of
intersteller gamma rays owing to reasons already given ih
chapternl‘ To estimate the effect of these cosmic photons to
. the detector counting rates at 6 g cm“2{ an approach similar
to that given by Peterson (1964)l6o is adopted and is as |
. follows., The counting rate N(E,x) in a detector of omnidirec:H

. . . : 2
tional response with geometrical factor Gocm at an atmos-

pheric depth 'x' due to the isotropic cosmic photon spectrum




236

IC(E)dE above the atmosphere_is given by

where E;(E)‘is the photopeak efficiency of the crygfalrusea;i
ﬁ&éE is the total attenuation coefficient at energy E, Ef-/
and gﬁ;are the usual polar coordinates. Since the progected
area of the counter in any direction is azimuthally symmetrlc
aboutgﬁ and changes only slowly with @ ,G( éggf can be rempved ;

from the integration and G, substituxted. Under these Cirdum-x;

stances
90
1_(E) £ (E) MEWW“%
N(E,x) = 5 dE G, '\ e «
0
_ (E;é E) 9B G g

Wherefik(k) is the Gold integral and k= ﬁiﬁ The countlnq

rate expected from this source in different energy channels
is thus calculated. In Fig 5.6, the ratio of these rates to |
the total observed intensity is shown as a function of,eﬁerQQ;
From this, it is’clear‘that for equatorial latitudes, With/éhe:

omnidirectional detectors of the type used in the present
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experiment, the cosmic contribution is about 10% of the total
observed rateé at 6 ¢ cm~~2 afmospheric depth, It is no wonder
therefore that the observed inténsities in the present experi-
ment did not show any upturn $il]l the floating depth of 6g Qﬁz,
The 'color' index study discussed earlier also substantiates
the ébove conclusion, as no concrete evidence is seen for any
spectral change till 6 g cm”ze The complex nature of the
ratio as a function of energy arises due to the structure of

the observed spectrum at these altitudes.

It should of course be stressed here again that
such a simple evaluation of the counting rate contribution
due to cosmic photons in the detector is not strictly valid,
A rigorous calculation will involve folding the cosmic

' coyreclion for
spectrum through the instrumental response afterxapproprlate
atmospheric attenuation effects. Nevertheless, the straight

forward calculation presented here is good enough to justify

qualitatively, atleast, most of the observed features,

The extrapoclated intensity of the 0.51 Mev annihi-
lation liﬁe"at the top of the atmosphere,'in the present
experiment, is 0.072i_0u008 photons cm”zsec“l, five times
lower than the corresponding Minneapolis value., Such a strong
latitude effect is indicative of the fact that most of’th@se
photons are albedo, as extraterrestrial intensity will be

latitude independent. Moreover the upper limit placed on the
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intensity of this line from %he Ranger 3 observations is
0.014 photons cm”zsec'"l in free space. Near the earth where
the‘qorresponding upper limits on these cosmic photons will
be halved due to shielding effectl”it is O.OO7pﬂuﬂDn5cﬁ#%eE%
which is about a factor of ten less than the present extra-
polated intensity. I+t is therefore clear that the cosmic

contribution to the annihilation line intensity at balloon al-

- titudes over equatorial latitudes is negligible.,
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CHAPTER VI
SUMMARY AND CONCLUS TONS

The work presented in this thesis has been
carried out at the Physical Research Laboratory, and is a
part of an extensive investigation program of the low energy
photon component at balloon altitudes over Hyderabad
(7“%5 7.8°N, vertical cutoff rigidity 16,9 GV), India, near
gepmagnetic equator, The thesis describes in detail the

following aspects of these investigations conducted by the

author,
1. the diffuse cosmic X-ray measurements in the
20-200 Kev energy Interval,
2e anaiysis of the background properties of the
X~ray telescopes using NaI(Tl) as a detector
at balloon altitudes in the 20-200 Kev energy
range,
3. observations of low»energy atmospheric gamma
rays in the energy region 135-1123 Kev.
1. DIFFUSE COSMIC X.RAY MEASUREMENTS

A~ X-ray detector, incorporating a cylindrical
NaI(Tl) crystal (2"x%"), sorrounded by plastic anticoinci-

dence shields and a collimator, was flown to an atmospheric



258

depth of 7.8 g cm? on 31 March 1968, - The telescope had

a semivertical opening angle of 20°, giving it a géometri-
cal factor of 6,7 cm25r, Specfral information in the
20-200 Kev energy interval was obtained by means of an on-
board seven channel‘éulse_height analyser, The telescope
suspended vertically, scanned a region of the celestial
sphere hitherto known to be devoid of any discrete sources.
The sun, which came partially in the field of view for the
last half an hour of observation time, was comparafively
quiet during the period, and no statistically significant
increase ‘in the counting rateé due to this source was seen
in thé present measurement, It is therefore believed that
the observed extraterrestrial radiation is due %o the

diffuse cosmic X-ray component only,

0 The data obtained from the flight has led to the

following main conclusions,

1.1 The spectrum of the diffuse cosmic X-rays in
the 20-130 Kev energy interval from the region of the sky
between declinations 37° and -3° and right ascention

QOhBOm to thdn is found to be

N o jgpp2-410.3 photons om " 2sec ™ ter oyt

[}

|

il

d
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1.2 | The cosmic.anay spectrum 162E“2°4 for the 20-130
Kev interval‘obtained in>the bresent experimént, if extended
to higher energies to derive the integrated intensity of pho-
tons of,enérgy greater than 100 Mev, results in 10“5 photons
Cm“QSGC"lsr“l, This is an order of magnitude lower than the
flux of l.lxl0~4photons cm'—zsec“lsr“l measured by 050-IIT
at these energies, This means that these two components of

the diffuse cosmic photon spectrum cannot be explained by

the same generation mechanism,

1.3 The dependence of the intensity, I, of the

secondary atmospheric background on the atmospheric depth,

2

"%', for depths smaller than 100 g cm™ “ can be well repre-

sented by a power law function of the type
I(X) = Const ¥* witho¢ lying between 0.4 and 0,5.

This value of ¢ appears to be slightly higher than those

measured at high and mid-latitudes.

l.4 Evidence for the presence of extraterrestrial
X-rays is obtained from observations at 20 g Cm“2 atmospheric
depth itself from a 'color' index study. This 1is in contrast
to 12 g cm"2 whence only the effects of these radiations
manifest themselves in the altitude - intensity profiles.

Therefore the 'color' index approach seems to be a more
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sensitive method for testing the presence of these extra-

terrestrial photons at small atmospheric depths.

o , NATURE OF THE SECONDARY ATMOSPHERIC BACKGROUND
ENCOUNTERED |

The detailed analysis of the background proper-
ties of the X-ray telescope used in the present experiment
has led to a break up of the contribution to the observed
secondary background intensity at 7 g cmr2 atmospheric depﬁh
over cruatorial latitudes from différent possible sources.

These are summarised below: -

-—\—\-nmmo—nmmn’-ﬂ-ﬁmwvﬁ—ﬂﬂwﬂn—m—mwmmmﬂﬂmmn—mn-ﬂ-ﬂmwﬂmmnu-—v——n—wmmm-‘w—m—...u-m

Nature‘of the background Counting rate
contribution

-u-—-q-—‘-_..-._....m.e.-—_..wa.—-_..u.-m.—....sw--..-.a‘-u-’m_ma_o-u,mmmg.m“...”.,m_—.«._mn-—-wm

Atmospheric X-rays in the 20-200 Kev

range
a) those impinging through the forward
opening 0.28 sec™t
b) those leaking through the shields 0,20 sec™t

et a s wwr e - - p . ver o sp ber .t e
M em e bue sma Xed am MY ew et e A e ave ane ;o ot o
L R L R re e m ws e e o

Atmospheric gamma rays of energy greater
than 200 Kev.

a) those falling on the crystal fhrough
the forward opening as well as by

 filtration through shields 1.60 sec”

....._..e.......«.--s-—--n—-.a.-m...—..—...c-._m...—._.m._mm.,.....-..-.—..—«—...:...q.am—-mm,.——-—.m.;..—-mw



*“lﬂﬂpﬂ.ﬂ“ﬁ—'—-&V-—tﬂnﬂn‘nu—a—'—vn—m(,-ux-—q-ny_-\—-!»«M—-w‘m—.mu-m-&mm‘w-——-wm“—a““mmww—-x—m—tmwm—n'

v—-m.—..,w-a......m...w--q—....—...-—-.,..--...-.u..a.«.a..u-—..-.....«..‘.......-..-,—.—....—..-.:.-«.-._-«M_.M.‘».-.—...._._...._........--.--

b) those falling on the shielding
materials and get Compton sca-
ttered into the energy Trange
20-200 Kev and finally strike
the detector,, 2.0 sec™!

-—‘-a..‘—-.—-m..--—-m--..--am-.,.-——-.—...m-——.—-mm...—m.n.-u—-—_.-.-m....--,-.....-..«.,-m.—.,-—-wmn--»mmu_unm-am..-m

TTﬁnesqns‘in the detector materials. fulO"gsec 1
Radiative capture of neutrons
; i I R
a) in plastic < 2.4x10 “sec 1
-3 -
b) in 206pp Cl.ox10 2 sec™t
¢) in 1271 o <0,12 sec“l_
Star production due to neutrons 5
a) in NaI{T1) {2x10 sec’
b) in Pb _ £0.4 sec™t
It is therefore clear thét:—
2.1.1. for the equatorial latitudes, almost all the

background originates from the electromagnetic interactions,

especially through the Compton scattering of photons of

energy greater than 200 Kev with the scintillation crystal
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as well as the shielding materials, resulting in a flat

nature of the spectrum of this background,

2,1,2 the background originating from nuclear inter-

. . O . .
actions like 7] decay gammas, radiative capture and star

production of neutrons is found to be negligible and

2,1.3 the atmospheric X-rays in the 20-200 Kev range
play an insignificant role to the observed background rates
over low latitudes, whereas they are quite important at high

and mid~latitudes.

These features of the equatorial background lead

to *he following conclusions: -

2.2.1 By suitable detector design, particularly by re-
ducing the thickness of the scintillation crystal, an order
of magnitude improvement.in the value for the ratio of the
intensity of cosmic X-rays to that of the secondary atmos-
pheric background, compared to high latitudes, can be
realized for X-ray telescopes flown on equatorial balloon
flights, The resulting sensitivity is a factor of three
better for equatorial latitudes. This fact is demonstrated

by evaluation the performance of crystals of two different
thickness i.e. 1.2 cms and 4 mms. Thinner crystals are

shown to have superior background properties over thicker ones,



245

2.2.2 The shutter techniques employed in investi-

‘gations at high and mid-latitudes for the separation ofv

cosmic and atmospheric X-rays from CRIB are not very
effective for equatorial measurements.

3, | LON ENERGY ATMOSPHERIC GAMMA RAYS IN THE ENERGY
RANGE 13% K-V TO 1123 KeV

Investigation of the low energy atmospheric gamma
rays in the 135-1123 Kev range over Hyderabad is made by an
omnidirectional spectrometer consisting of a 2"x2" NaI(T1)
surrounded by a‘4—ﬁxplastic antishield, The detector was
flown to an atmospheric depth of 6 g cn=2 on April 23, 1969,
A twelve channel pulse height analyser was used to study fhe
spectral details. The data obtained from this experiment
have for the first time revealed the oroperties of these low
energy gamma rays of atmospheric origin over low latitudes.

The results obtained therefrom are given below,

3.1 In the energy range 135-1123 Kev, an intensity

of 4.3 counts “om”2sec™L is cbserved at the transition maximum
for these photons over Hyderabad. Its extrapolated intensity
at the top of the atmosphere is 1.2 photons’cm‘zseC"l in the
same energy interval. This is equivalent to an albedo energy

radiation rate of 537 Kev cm~2sec™! away from the atmosphere.



24%
3,2 The high altitude energy spectrum over Hyderabad
is found to be R

=2,2 -2 =l =1 -1
dN = 130E " “photons cm  sec sr kev

Q.

in the 135-380 Kev energy bandbat 6 g meQ. For the entire
energy range of 135-1123 Kev it is steeper with an index
near 2;5;‘ The nature of the spectrum does not show signi-

ficant dependence on the atmospheric depth from 600'g cm v 2

to the floating altitude of 6 g om™2,

3.3.1 All the components of the gamma ray spectrum have
a transition maximum around iQO,g cm*z.cvef_this latitude,
The absorption length is also nearly same and its value

in -the equilibrium region is 200 g o2,

3.3.2 A comparative study of the absorption lengths
measured for various secondary components over éouatorial
latitudes with those of the low energy photons does not
lead to any conclusive evidence regarding their genetic
assdciation with electromagnetic or nucleonic components.
Same situation results from a closer scrutiny of the depths
of fransition'maxima for these components, Neutron induced
effects in the crystal result in‘negligible CQntributiqn;to

the observed counts in the present experiment,
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3.4wl - The presence of électronfpésitron annihilation
line at 510 Kev in detectable intensities is§ apparent in

the present experiment, Its‘int@hsity at the floating depth
of 6 g cm™? is found to be 0,079+0,007 photons cm~%sec ™t
whereas the observed value at the Pfotzer maximum 1s
0.2440,02 photons cm”zsec“l. The extrapolated flux at the
top of the atmosphere is 0,07 photons cm~2gec-l, The valués
of the absorption length and of the transition maximum for
this component are the same as for the rest of the continuous
spectrum, -

3.4,2, The positron annihilation rate at the Pfotzer

maximum is calculated to be 0,011 g"lsec’l over Hyderabad;

its production rate in a vertical column of 1 cm? area of

the atmosphere is evaluated as 3.4 cm~2sec™t. This means
that about 42 positrons result for every primary cosmic ray

particle over this station,

3.5.1 The intensity of low energy photons show consi-
derable latitude dependence, For gamma rays of eﬁergy
greater than 300 Kév, the intensity reduces by a factor of
seven from 1.3 GV to 16.9 GV cutoff rigidity at 6 g cm~2,
For 200 Kev photons, the latitude effect is leés, the
reduction being by about a faétor of five only. This

magnitude of variation appears also to bhe less than that
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observed with ion chambers. “As the ion chamber rates more
or less reflect the nucleonic intensity, indications, though
not very strong, are for the low energy photons not being

associated with the nucleonic component.

3.5.2 The 510 Kev line also shows appreciable latitudinal
“wvariations in its intensity and its magnitude is nearly the

same as that for the rest of the continuous spectrum.

3.6 A study of the dependence of the number of positrons
- per priméry particle on the cutoff rigidity of the place
reveals the interesting feature that its value i.e. 16 posi-
trons/primary cosmic ray particle at high latitude increases
steeply toA4OE/primary at mid-latitudes and thence remain
more or less constant (42g/primary) upto low latitudes, This
points to the important role played by higher energy parti-_
cles in the production of the atmospheric positrons. Further
it implies that all primary particles with arwwggﬁ greater
than about 3 ﬁ&/nucleon are more or less edually efficient in

the creation of these positrons,

3.7 The contribution of cosmic fluxes to the observed

count rates of an omnidirectional detector of the type used

2

here amounts to about 10% at 6 g cm © over equatorial stations

and its effect cannot be resolved from that of the atmospheric
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photons in an experiment of the present natﬁre,

4, The ionization rates measured in the atmosphere
by flying the University of Minnesota continuous monito;
Ting units a number of times have enabled to establish an
accurate atmospheric depth - ionization rate relationship

for Hyderabad.
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Appendix I

CONTINUOUS MONITORING UNIT FLIGHTS OVER HYDERABAD

Al L, - INTRODUCTION -

Measurement of isnization rates in the atmosphere
is of considerable interest to both cosmic ray physicists
and geophysicists. This icnization is the result of inter~.
action between the atmospheric constituents and various
radiations like galactic cosmic rays, solar cosmic rays and
X~-rays, In the past, many such measurements had been made
with the use of integrating type ionizaticn chambers. Con-
siderable understanding of the different problems in éosmic

ray physics, like energy balance in the atmospherelél,geomag—

157 time variationst®9,161-164

165-167,103

"netic effects of cosmic rays

solar cosmic rays and gamma ray events as well

as auroral phenomenal68, have been reached by making
measurements with these chambers flown in balloons. -Almost
all these studies were made from high latitudes except when
a latitude survey was conducted, This is because many of
the above events are those involving low energy particle
fluxes and as such are not effective in producing any phe-

nomena at low latitudes especially near the geomagnetic
equator., The measurements reported here pertaln to a series
of balloon flights in which the continuous monitoring units -
developed by the University of Minnesota were flown from

‘Hyderabad since 1966,
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The following were the objectives for these
flights:
1. to establish an accurate cosmic ray ionization

rate versus atmospheric depth relationship for

this station,

2. to be a supporting instrument in major balloon
flights which fly detectors for measuring neutral

radiations like those searching solar neutrons.

As time variation effects are small at equatorial
latitudes and the chamber can measure the ionization rates
with good statistical accuracy, it is felt that the present
information will be of use for comparison with data from
other experiments for the measurement of different aspects

£

0t secondary and primary cosmic radiation conducted from

this latitude.

Al .2 EXPERIMENTAL DETAILS AND FLIGHTS.

The block diagram showing a typical flight con-
figuration of the system, used in the present series of measure-
ments is given in Fig.AIL.l. Ekcept for the telemetry section
(starting from monoshots), the rest of the details about this
diagram were supplied by the University of Minnesota. The
necessary circuitry for processing and telemetering the data

beyond the scalar stage was built and incorporated into the
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~payload.

The constructional ahd operational details of
this unit are already available in the literaﬁurelég’l70
and are therefore not explained here, It may only be
mentioned that the stability of these chambers were checked
at regular intervals by inter-comparison of the rates of the
different units under a 500 microcurie Co60 source mounted
in a‘fixed position. No noticeable deterioration has
occurred in the operation of these units in the last three
vears., The relevant detector specificationsi7o for these

units are given in the Table AI.l.

The total number of flightsiand other necessary
détails were already given in Table 3.1, Chapter III, Some
of the flights carried two or three units simultaneously for
direct inter-comparison of the rates in the>atmospherey
During the flight, the pulsing rate of_the-chamber and the
Counting rates of the two individual counters as well as' of

the telescope were telemetered to the ground,
AL, 3 RESULTS

The observed pulsing rates of the chamber were
converted to normalised rates by multiplying by the norma-
lisation factor appropriate to the chamber. These normalised

pulse rates Rn were then transformed into the usual units for
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. : . . - -1 . -1
the ion chamber rates i.e., ion pairs CC lsectatm

the formulalﬂz

with

N(ion oG rsec tatn™l) = 12.3 x 107 x R_.

In Fig.AI.2, the atmospheric depth dependence of
the ion production rates over Hyderabad deduced from these
flights are shown, &All the CM flights conducted so far
gave practically the same ionization rates (time variations
were less than 3%) as a function of altitude, and as such
this curve is representative of this parameter over Hyderabad.
A typical counting rate-depth curve for GM counter is shown
in Fig.AIL.3. In table AI.2, typical values of the ion
production rates and M Counter rates at different atmoépheric
depths over this station, are given. The telescope rates could

not be computed accurately due to poor statistical accuracy

and hence are not given.

Out of these measurements the values of certain
interesting physical quantities for Hyderabad were calculated.
One was the energy integral (the total energy lost by the
cosmic rays through ionization in one cm? vertical column of
air), given by the formula

E = 1.42 x 108 x P ev cm'“zsec"l

where P = 2,5 lQPO

R dp. This was found to have a value of

0
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0.673 Bev cm“2sec'l* If the results of Neher's (1965

158

)
latitude survey were extrapolated %o 16.9 Bv cutoff, and

a similar integration was carried out then, it gave 0.82 Bev

-2 Cﬁl 169

cm “se are consis-—

. The rates of Minnesota chambers
tently below those of Neher's chambers by 17%. When the
correction for this was applied, the revised value of E in the

~1

present case becams  0.79 Bev cm™ s ec in close agreement

with that expected from Neher?s,

Another quantity of interest was the ratio of ion
chamber rate to GM rate. This was propertional to the mean
omnidirectional ionization of the combined cosmic ray pri-
maries and secondaries in the atmosphere. This ratio was
calculated using the counting rates of these detectors
after correcting for the difference in their geometrical
factors., In table AI.3, their values as a function of atmos-
pheric depth are given (for Hyderabad and Minneapolis).
Minneapolis values were taken from Winckler's Tabulati@nl7l,

The high value of ratio at 300 ¢ cm—2 for Hyderabad might be

due to poor G-M statistics. Consistently low value of this

ratio for-Hyderabad was expected because of the higher average
mean enerqgy of the primary and secondary particles for this
station compared to Minneapolis. The calculated value of this
ratio for isotropic minimum ionizing particles was 3,19 according

to Winckler.
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The absorption lengths for the observed rates
of the ion-chamber and GM Counters in the equilibrium region
of the atmosphere (200 g cm™? to 600 g cm"z) were found to

2
be 200 g Cm"2 and 205 g cm™“ respectively over Hyderabad.
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~ Nppendix TIT

Method of Least Squares.

Suppose that a quantity y is a function of %,
the relationship between the two being represented by

y o= £(x, A, B, Guvennnns) (1)
where A, B, C...0v....are constants, Let there be n such
values of v, R y2....a..;ynﬂ The number of constants m

is either ecual to or less than n, Ifm =n, it isnobviously
possible to fit the data exactly to such an eguation. But

more often m is less than n, and thus the calculated value vy

will not agree with the observed one,

Let y, ( observed) = ' (calculated) + dg

where the magnitude vy, (calculated) is obtained by adopting
the final values of the constants. In accordance with the

principle of least squaresl7&y it is necessary to make

QidiQ = g minimum. ... (2)
Tet it be assumed that the approximate values of the
constants are found by graphical or other means so that,

/‘\L :/\\O + a,B :BO "l“b’ C :CO + G'ongl

.

¢
a, b, Covss..being small correction terms. Then the i™°

equation of (1)
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fi(lf\jB’Ci...) = Yi "' dj_

-may be written as

f’j(t’"ﬁo’Bo7CQ”“>' + a?;\‘i’, + bi\"{j + C'g@—{_”' - yi“d
. '7) /’\ o }) [4}:,‘ C)C“c?

by Taylors expansion and discarding derivatives of second

and higher order. Using abbreviations

pYR YN ™~ ‘

r,}7[4 = e T o e

% L » ;__..,‘\_. i l',‘ ;:«; - ',(.JT'. - N
oA o / ] /;3'(.? ) - aC ’

- O

and

equation (3) becomes

U.a + v.b +w.c 4+ uuunnuns -F. +d. = 0o
;@ Vlb W, Fl i

where Ui,Vi,W&,Fi are known and a, b, Cuv.., di are unknown.

By equation (2) it is then required that

n 2 — i\

= éuia tovibh w4 ,@q,wPi) =F(a,b,c...)
1=

be a minimum or that

Eg?é = 2_;(uia tovib o+ w, c o+ "“‘*”Fi>ui =0
T

o o= ” N
mﬁg’b hand Zduia + Vib + Wic + qo.oa.“Fi)vi - O
;3([) — ) —
" "’6' - 2£_J<Uia + Vj_b + Wj_c + .oe.-."'Fi)Wi = 0

«e+s.and so on. These equations are called the normal

equations, the number of them being exactly equal to the



number of unknowns,

For the case of power law function y = AXB, it is

: \ n
easy to see that u; = xiBo and v, = A Xy © . These values

. 0™ X5
of Uiy vy and the corresponding F. can be substituted in the

normal equation for the calculation of the correction

factors for the assumed values AO and BO. The new values of

these constants so obtained can be again used to carry out

the procedure detailed above. By a process of iteration,

best values of these constants can be determined. In

praétice this process.converges Taplidly so that the difference
between the previous and final values of thesevconsténts

become quite small within a few iterations,

The errors in the constants A and B are determined
as follows., The equation y = AxP can be represented as log
Y = log A + B log x taking logarithms of both the sides. This

is the form

Y =m¥X + C

where 'Y = log y, X = log x, m = B, C = log A. The probable

€Trors Py of m and P. of ¢ are then givenl'® by -

s
1
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where




A-17

J’i‘\ppﬁfi'idix' TTT

GEOMETRICAL FACTOR FOR A TELESCOPE WITH CYLINDRICAL SYMMETRY#*

Consider the schematic of the telescope as shown
in Fig. A ITI.1, of height h and base radiu= RL and top radius

R Assume that the radiation has an isotropic {lux of J

2'
photons per unit area and solid angle. Referring to the dia-
 gram, the differential number falling on the increment of

a0l

area dA and passing through the upper end area increment Ja’

vill be given by
dN = J cos(@dA dr (1)

Yo . N .
where & is the angle between the vertical h and s, the linec

connecting the two area elements, where

dA = rdrdd (2)
dr = fdf}:.w:%.gi.ﬁ{: . ( 3)
2
and
dAtr = r'dr'ng Lo

From the di~ypam it is also seen that

s A
12 =12 + 112 _ 2pp1 cos (¢ —<p) (5)



FIG.AILSCHEMATIC DIAGRAM OF GEOMETRY OF A GENERALIZED
CIRCULAR CYLINDRICAL TELESCOPE OF HEIGHT R AND
BASE RADI OF Ry AND Rp.
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and . -
cos@ = h/s , (7).

Equation (1) can now be integrated using these relations

“with the result that
N = IG (8)

where the geometrical factor G is

2

» R R 2T cpHl
G~ 2h2 S rdr ,5 r'dr! C
0 0

d{ﬂ[/h rr2ap i ?oory cos@»{] d¢
3 4;{/

The four integrals in (9) are easily performed going from

right to left with the final result

If the linear dimensions are measured 1in centimeters and

the angles in radians, the units of G are centimeter52 ster-

2

dians (cm” sr). In the case of a right circular cylinder of

radius R, i.e. Ry = R2 = R equation

1 .
—2.2 [ 2 2\ 3 |
G =W h? || L 2BD /o, ART (1)
o 2 2

For a long slender telescope, i.e. where R/h<<1, equation

(11) reduces to the approximation



A-20

\(l?-)@»

* This derivation is reproduced here with minor changes from
the Ph,D, thesis of James Kinsey (1969)130 ¢y ready
reference as well as because of its generakg lity.
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