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SUMMARY

This thesis presents results from the Southern X-ray sky
obtained from flights of the University of Adelaide billoon-borne
observatory in the period 1963-69. The altitude dependence of
telescope background count rates in the pressure interval }sr5700 g,
cm_;'2 is also examined in detail for the ascent phases of the

different flights.

Chapter 1 consists of an introduction to the subject cf X-ray
astronomy and its literature, and also contains a brief summary of
the experiments performed by the Adelaide group. The payload and
ground~based instrumentation are described in chapter 2, while the
physical principles of the X-ray detectors are discussed in the
following chapter. The unfolding of an X-ray source spectrum from
a measured detector pulse height distribution is described herc, as
are the laboratory-determined detector characteristics and the pre-
flight environmental testing of the payload.

A theoretical discussion of the performance of the azimuth-
measurement system, and in particular the effects of geomagnetic
field variations and non-horizontal orientation of the magnetometers,
follows in chapter 4. It is concluded that the azimuth angle is
measured with an uncertainty not exceeding 1.4°. Oriontation and
field variation effects on a rotating null magnetometer are also
predicted.

Chapter 5 reports the observation of significant hard X-ray
fluxes from the sources Nor XR-1 and Ara XR-1 and presents upper

limits for numercus other sources in the galactic longitude range



ii
320°<££<350°. Comparison of these data with lower energy rocket

. - -1 -1
results shows that a power law spectrum (in KeV cm.2 sec KeV )

of exponent 1.5 best fits the Nor ¥R-1 data for photon energies
>5 KeV, while Ara ¥R-1 is best described by an exponential spectrum
having kT = 11 KeV. The Adelaide data for Nor XR-1 makes pessible

1cm':2 for the hydrogen

the revision of a previous estimate of 4 x 102
atom column density in its direction (Cooke and Pounds 1970), to

the new figure of 2 x 1022cm72, which is in better agreement with
measurements from other nearby sources. The present status of source
positional measurements for 3209<1F?:3509 is also discussed.

Chapter 6 examines the altitude dependence of various count
rates in the atmospheric pressure interval 1005?5700 gm., cm_.'2
Radiation attenuation lengths are measured as a function of energy
for each flight., Differences are observed between flights. There
are also discrepancies between our results and those of other
workers. Thesc discrepancies may in part be explained in terms of
the dependence of background characteristics on the type of detector
employed., On any one flight the numerical relationships between
the attenuation lengths of (a) the active telescope energy channels,
(b) the active telescope guard rates, and (c) the graded shield
telescope energy channel rates, can be well explained using the Gross
Transformation. The theoretical difficulties of this intcerpretation,
in view of the expected isotropy at these altitudes of the elcctron-
photon component of secondary cosmic rays, are discussed. Comparisons
with the sttcnuation lengths of other radiation species are found

10 give no positive clues to the origin of the observed count rates.



In chapter 7, the background count rates are investigated in
the pressure range 35F5ﬂ00 gm, cmj2 with particular emphasis on
the fitting of functional forms to the altitude dependence. The
active telescope pulse height distribution as a function of altitude
igs also discussed,

The diffuse cosmic X-ray background is measured in chapter 8
and results are consistent with those of other groups. It is found
to be isotropic to less than 10% (at the one sigma level) with
respect to the galactic plane, between the longitudes 32035!%5400
and for energies 27<E<67 KeV. This is the only such measurement
at these longitudes and energies, A corresponding upper limit at
the 3vlevel of 7.26 x 10_4 photons cm':2 sec-.-1 KeV'T1 rad:1 was

determined for a line source of X-rays in the galactic plane.
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CHAPTER 1,

TNTRCDUCTION.

Since the initial discovery in June 1962 (Giacconi et al
1962) of cosmic X-rediation, many discrete sources have been
discovered and the existence of a diffuse background of X-rays
has been confirmed, which is apparently extragalactic in
origin. These discoveries have, and will continue to have,
important consequences with regard to the evolution of galactic
objects, to interstellar and intergalactic matter, cosmic ray
physics and cosmologye

This chapber contains a brief review of the current status
of the field and concludes with an introduction to the objectives
and experiments of the bailoon-borne X-ray astronomy group of

the University of Adelaide,

1,1, DISCRETE SOURCES,

As of August 1970, about 60 discrete sources have been
reported in the literature, However, only about half of these
observations have been confirmed by subsequent experiments.

1.1.1. Known Sources.

Various catalogues of discrete X-ray sources have been tabulated
in the brief history of X-ray astronomy. In the design phase
of the Adelaide programme, the catalogue compiled by the Naval
Research Laboravory (N.R.L.)Washington DC (Friedman et al. 1967)
was used, This contained 35 sources and was used in determining
the scanning patterns in our earliest balloon flights. Subsequent

studies have failed %o confirm many of the N.R.L. sources.
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Webber (1968) in a re—examination of the literature, compiled
a catalogue of "confirmed" sources numbering 22, which should
perhaps have only been 21 as I have been unable to find any
reference in the literature to the confirmation of Cep XR-1. More
rencently, Dolan (1970a) has published a comprehensive list of 59
sources reported before December 1, 1969, in which no attempt was
made to eliminate unconfirmed observations. O0f these 59 sources,
the 21 of Webber plus 8 others can be regarded as confirmed at
the present time (August 1970), and these 29 objects are tabulated
in table 1,1 in order of their appearance in Dolan's catalogue,
Also listed for each source are galactic longitude and latitude

(1II

These co-ordinates are believed to be those of the most precise

> bII), and right ascension and declination ( (®4) 1950.0).

observations to date. Exhaustive rcferences are cited for each
source by Dolan and simplicity dictates that those should not
be listed here.
1e1.2. Source positions and optical identifications.

Examination of table 1.1 reveals the long-recognized fact
that the majority of confirmed X-ray objects lies within 10° of the
galactic equator and so are almost certainly galactic objects,
An apparent exception is Vir XR-1 which has been tentatively
identified with the optical and radio galaxy known as M87 and Virgo
4 (Friedman et el 1967a ,Bradt et al 1967). Sco XR-1 and the
spectacular variable Cen X-4 are both at high galactic latitude
but are believed to be galactic. The objects Cet XR-1 (Barnden and
Francey 1969) and Cet XR-2 (Shukla and Wilson 1970) are taken to be
the same object and the position given is that determined for Cet XR-2
it has not yet been determined whether it is a galactic or

extragalactic object,



Table 1.1 Confirmed X-rav Sources (August, 1970)

Dolan's

Popular

£t Name (8) III bII oG é

2 Cet Xi-1, 2 156° | -52° | 02"14™ !+ 4°13'
4 Tau Xi-1 185° | -06° | 05731™ | +21°59'

5 Vel XH-1 263° | +03° | 08Ps7™ | -41°15
7 Cen XR-3 292° | +02° | 1123 | -59°

9 Vir XR-1 284° |475° | 12832 | 1235’
13 Cen X-2 307° | +00° | 13724 | -62°

15 Cen X-4 332° | 4230 | 1456™ | -32°15
16 Lup XR-1 323° | +05° | 14750™ | _52°
17 Nor XR=2 324° | -02° | 15%42™ | -57°30'
19 Sco XR-1 359° | +24° | 16"11™ | -15°31"
20 Nor XR-1 334° | —02° | 16"24" | -51°
24 L5, Sco X-2 344° | +02° | 16%51™ | ~40°48
25 L2, Ara XR-1 340° |- 3° | 1654 | —47°
27 GX 349 + 2, L6, Sco XR-2 349° | +01° | 177%09™ | -37%22'
31 GX9 + 9 009° | +09° | 1730™ | -16°36'
34 GX3 + 1, Sgr X-1 003° | +01° | 17%43™ | -26%08'
35 L10, GX=2.5 356° | -03° | 17%45™ | -33%42
36 GX 354 - 5, GX-5.6 354° | —05° | 17%7™ | -36°
39 GX 5 - 1, GX + 5.2 005° | -01° | 17759™ | -25°00'
40 GX 9 + 1 009° | +01° | 18%00™ | -20°32'
43 GX 13 + 1 013° |+01° | 18P10™ | -17%8
45 Ser XR-2, GX 17 + 2 017° | +01° | 18"13™ |-13%48’
48 Ser Xi-1, GX + 36.3 037° | +02° | 18%45™ | +05°18"
51 Cyg X-1 071° | +03° | 19%56™ | +35%06'
52 Cvg X-3 080° | +01° | 20P31™ | +40°56'
53 Vul XR-1, Cyg %5 071° | -08° | 20M38" |+29°
54 Cyg X4 083° | -06° | 21%09™ {+38°33'
55 Cyg X-2 087° | -11° | 21P42™ | +38%s5"
58 Cas XR-1 112° | -02° | 23%21™ |+58°30°




Gursky et al (1967) have examined the distribution of sources
within the Galaxy and have concluded that there is a correlation with
galactic spiral arm structure and that the concentrntion of sources in
the quadrant 2900‘.5[,]15 20° (vhich is of interest to southern hemisphere
observers) can be conveniently located within the Sagittarius spiral
arm (ns defined by Sharpless 1965) at a distance of ~ 2 kpc. The
Cygnus sources may be placed about 4 kpe. distant, beyond the Orion
arm nnd in an arm revealed by 21 em, observations.

The most sccurate position determination of an X-ray source has
been that of Sco XR-1, using the modulation collimator technique (Oda
1965, Gursky et al 1966), Its location in either of two rectangles
of dimension 1' x 2' arc has led to its optical jdentification with a
13th magnitude, flickering blue star (Sandage et al 1966), Its high
galactic latitude (bII = +24°) appesrs to be the result of its
nearness, of the order of a few hundred parsecs (Manley 1970)., It has
also been tentatively identified with a radio source (Andrew and
Purton 1968), and accurate position measurements at 6 cm. wavelength
(Ables 1969) have shown that the radio emission is centred on the
opticel object to within~15" arc. Intensity measurements have
revealed it to be an irregular variable over its entire observed
spectrel range, from X-rays (Hill et al 1968 , Lewin et al. 1968, 1970b,
Overbeck et al 1968, Evans et al, 197¢h) through optical (Westphal et
al 1968) to radio (Ables 1969), Non-periodic variations are observed
on time scales of minutes for the optical flicker and of minutes,

hours and days for the X-ray, radiec and longer term optical variations.
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Another optical identification, in fact the first of an X-ray
source, was that of Tau JR-1 with NGC 1952 or the Crob Nebula, o
superncvs remnant and synchrotron radio source, Taurus A, Bowyer et
sl (1964) conducted a rocket experiment during a lunar occuliation of
the Crab., It wns established that the Xradiation originated from an
extended source which coincided with the optical nebulosity but had
only about half itsanpular extent, The physical nature of the Crab
vas complicated even further when Staelin et al (1968) found that it
contained s member of the recently discovered class of objects, the
pulsars {for brief reviewsof the nature of pulsars see Radhakrishnan
1969, and Chiu 1970), Designated NP 0532, the pulsar was also found
to pulse optically (Cocke et al 1969) and in the X-ray region as well,
in which about 10% of the total flux was found to be pulsed at the
same period (~33mS) as the radio pulsations (Fritz et al 1969, Bradt
et al 1969, Fishman et al 1969, Floyd et al 1969). The pulsation rate
has been found tc be slowing down by about 1 part in 2400 per year
(Richards 1968),

The optical pulsar has no discernible diameter and current
speculation is that this is a neutron star with an inclined dipole
magnetic field which emits beamed radintion and whose rapid rotetion
produces pulsations in the received flux of period equal to thet of the
rotation {(Woltjer 1968). An attractive consequence of the energetics
of this model {Goldreich 1969 , Gumn et =al 1969), reveals that the
cbserved slowing down of the rotation rate can provide sufficient
energy for the acceleration of particles to ultrarelativistic energies
with the consequent emission of synchretron or magnetobremsstrahlung

X~rays,
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The sources Sco X-1l, Cyg K-l and Cyg XR-2 have been subjected to a
preliminary examination for X-ray pulsar characteristics but with nuii
results (Friedman et al, 1969). Comparing the radio pulsar catalogﬁe
and the X-ray object catalogue reveals that at this time, Tau XR-1
provides the only instance of a one-to-one correspondence,

Other identifications of optical objects with known X-ray sources
are still in the tentative stage, owing mainly to the poor angular
resolution with which X-ray observations can currently be made,
Identifications using the method which was successful for Sco -1,
viz, extrapolating the X-ray spectrum back to optical wavelengths and
deducing the apparent magnitude and colours of the optical object, have
been clazimed for Cyg %X-2 (Gincconi et al. 1967, Kraft 1967), Cen X-2
(Eggen et al, 1968), and Cen i-4 (Eggen et al, 1969). However, for
verious reasons, among them being lack of agreement of the actual

properties of the chosen optical object with the extrapolation

(Cyg %~2), the large number of stars within the X-rey error circles
(Cyg X~2 , Cen X-2) and lack of any correlation in the temporal
behaviour of the optical and X-ray emission (Cen X—Z), these claims
are still in doubt, HKecent work by Schnopper et al. (1970) using a
rotating modulation collimator has resulted in the elimination (Kunkel
et al, 1970) from consideration of suggested opticzl candidates for the
gelactic centre source GX 3 + 1 (Freeman et al. 1968, Blanco et al. 1968,
Johnson et al, 1968),

In addition to Sco XR-1l, Tau XR-l and Vir XR-1 which have already
been mentioned, some known optical and radio objects have been

tentatively reported to emit low energy X~-rays.
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These have been;j

(e) an L.R.L. (Lewrence Radiation Leboratory) observation of a
strong soft source (0.2 to 2 KeV), Cyg X-5 which can be identified
with both Vul XR-1 (Friedman et al 1967) and the supernova remnant,
the Cygnus Loop (Grader et al 197C); Schklovsky (1968) has in
fact predicted that the Cygnus Loop should be an intense

source of soft X-rays due to lines of ionized oxygen;

(b) the supernova remnant Cas A, and,

(¢) Tycho's supernova, SN 1572 (both Gorenstein et al 1970); both
of these sources were examined for pulsar characteristics but
with inconclusive results owing to poor counting statistics;

and finally,

(d), the Large Magellanic Cloud (Mark et al 1969).

1¢1.3 Time Variations:

Time variations of intensity have been mentioned above for
Sco XB-1 and Tau XR-1, In addition there is evidence for time
variability of Cyg X-1 (Overbeck et al 1968, Dolan 1970 b),
at energies above 20 KeV., Variability has also been suggested
to explain inconsistencies between various other results where

perhaps systematic errors may have been more responsible.

Two spectacular and undisputed instances of source variability
have been recorded. Cen X-2 was not observed during a 1965
observation of Grader et al (1966), but suddenly blazed out to
become comparable in intensity to Sco XR-1 shortly before April

4, 1967 when it was observed by Harries et al (1967) in the energy
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range 2 to 8 KeV. Its behaviour prior to this dete can perhaps
be inferred from records of VLF radio reception which acts as a
measure of X-rey source activity by virtue of the resultant D
region electron density variations (Edwards et al 1969). After
the initial observation its intensity declined and its spectral form
changed and on May 17 it was seen for the last time at low energies
(Francey et al 1967, Cooke et al 1967, Chodil et al 1967). L.R.L
observations on September 18, 1967 and Nov. 3, 1968, failed to
detect it (Chodil ot al 1968, McGregor et al 1969), in spite of
the report of a positive flux by Rao et al (1969) on November 3
and 7, 1968, These observations have been interpreted by McGregor
et el as the effect of other nearby sources. Cooke and Pounds
(197C) are of the same opinion with respect o the result of Rao
et al but report o significant flux from Cen X-2 on April 1, 1969,
at a very low level consistent with the othier null results reported.

Significant hard fluxes were observed from balloon experiments
on October 15 and 24, 1967 by Lewin et al (1968a,c) and perbaps
on Feb 29 1968 by Buselli (1968). These three balloon measurements
were all made after Mey 17 following the decline of Cen X-2 at
lower energies, and therc is evidence that this harder spectral
component may have developed some time after the initial low energy
outburst. The 2 mecasurements of Lewin et al indicated that the hard
flux was experiencing a decline in intensity, and had diminished by
about 0% between Oct, 15 and 24. By March 2Q, 1969 it wes no longer

detectable at high energies (Lewin et al 1970a)
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The second spectacularly variable source, Cen X-4, was observed
in the energy range 3 to 12 KeV from two Vela satellites (Conner
et al 1969)., This source appenred abruptly between July 6 and 9,
1969 at an intensity level comparable to that of Sco XR-1. It
faded and by the end of Sentember 1969 was,ﬁ%% of its maximum
intensity (BEvans et al 1970a). Meanwhile it had been cbserved by
rocket, betweon 2 and 25 KeV, on Aug. 7 (Kitamura et a1 1969).
A search for & hsrd spectrsl component analegous to that of Cen-X-2
was conducted by the Adelaide group on August 25, 1969 (Thomas et
al 1969, 197C) employing the smaller of the two vayloads mentioned
later in this thesis (section 1.4). No such component was found but
this did not necessarily exclude the possibility that Cen X-2 and
Cen X-4 were similar objects, since no high energy observation of
Cen X~2 was made until 6 months after its low energy discovery.
An abortive attempt was mnde te test this hypothesis in March 1970
by the &delaide group. No other observations are known which permit

exclusion of this possibility.

1¢1.4. Source Spectra

This brief review of the present observational knowledge of
discrete sources is now concluded with a discussion of their observed
spectral charactoristics, The observed differcntial ecnergy spectra
E.N(E). 43, where N(E)JE is the number of photons in the energy

interval E to B + dE, fell inte two basic classes as follows: -
(a) The power lew spectrum, EN(E)dE = constant. ﬁAdE..........1.1
where the exponentidis s positive constant, and
(b) The exponential spectrum, EN(E)dE = constant.exp(ﬁg)dE....1.2

) . . S o
vhere the e-folding energy Eo is characteristic of the sourcec,
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The two classic illustrations of these different spectra are
provided by Teu XR-1 (power law), and Sco Xk-1 {exponential),
slthough these now aprear to be more compiex than earlier
thought. Tau XR~1 appears to suffer g spectral steepening at
100 XeV and over the observed range of energies cannat be
described by a power law with a unique exponent, while the spectrum
of Sco XR-1 scems to flatten beyond 20 KeV, the degree of which
is possibly time~-depentient, with the result that it cannot be
described by a2 unique Eo' This is discussed with reference to
source models and emission mechanisms in the next section.

1.2 ASTROPHYSICAL Z-R4Y PRODUCTION MECHANISMS:

The basic physical processes which produce the bulk of the
observed cosmic Z~-ray photons are well understood and in general
depend on the presence of cosmic electrons. However, despite
this understanding it is not possible to uniquely relate an
observed spectrum to a particular physical mechenism, since
theorotienl work has shown that an emitted spectrum can be
strongly dependent on the source model used and mot so dependent
on the basic physical process operating within the model. The
physics of the most favoured production mechanisms is now
briefly outlined,

1.2.1. Mopnetobremsstrshlung or synchrotron emission.

This rediation is characterized by strong polarization and
results from the orbital motion of extremely energetic electrons
in magnetic fields. Less energetic electrons and/or weaker magnetic
fields are believed to be responsible for strong radio sources so
that a synchrotron X-ray source might be expected to be a

svnchrotron radio source (e.z. Tau XR-1)



11

An electron of energy-(:!Kn%cg (e¥) in a nagnetic field with
component B, (pauss) perpendicular to the instantanecus electron
velocity wiil radiate a photon spectrum whose emitted energy (eV)

9 ' 2 o, . . _
peaks 2t h‘kax = 5.8x1C QLX' (Morrison 1967,.) For h‘kax—1oo

2
KoV and 3&.= 100)uG the correspending electron energyE::B’moc
14

~2x10" " eV, The electron half-life against this radiatiuvn loss

1
is given by T, = 3,9x167 Qliﬁ (h)%ax) 7...1.3::108 sec., or 4 years.

(5]

The obscrved time stability of the hard X-ray emission from Tau
XR-1 means thet continuous electron acceleration is required

to maintain the supnly of energetic electrons against radiative
losse.

The emitted synchroiron photon spectrum is determined by the
electron speetrun, which ir given by a power law n(¥)dy = néx_mdx
(m>0), will produce a power law photon spectrum,

E.N(E)AE = constant EnudE, A= % (m-1). However, Manley
(1966) has shown that an exponential photon spectrum will result
from synchrotron emission b an aprraximately flat slectron
spectrum with a lLigh energy cut--off. Webber (1968) has also pointed
out that thceoretical spectra presented by Stein and Ney (1963)
to explain solar flare continuum radiation by synchrotron emission
from an exponenticl electron distribution, bear a striking
resenblance to the spectrum of Sco Xii~1 as measured over the 10
energy decades from X-rays to radio, It is thus possible for either
an exponential or power law speetrum to result from magnetobremss—

trahlung.
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1.2.2 Thin Source Thermal Br:mastzrahlung,

If o source contains & near-fiaxwellian electron distribution
st charateristic temperature T, electron-ion collisions will
produce thermal bremsstirahlung or free-free emission. The energy
radiated per unit solid sngle, per unit volume, per unit freguency

~3 -1 -1, . .
interval (erg. cm. sec. ster, ) is given by (Allen 1963,
Morrison 1967)

: -39 ~% 2
i = 5.443 x 10 [T 2 (v, )Y 'nn Z] “Vy-—1.3
¥ ’ z: o & exP(EE—)

where k is Boltzmann's constant, n, and %E' are the number densities
of electrons and ions of charge z2e respectively, the Gaunt Factor
g(¥,T) is approximately equal to unity, and veries only slowly as

a function of h¥., Thus free-free emission produces an exponential
spectrum with e-folding energy E0 = kT (c.f. equations 1.2).

Tucker snd Gould (1966) have found that in addition to the
bremsstrahlung continuum there should also be recombination edges
and emission lines associated with such a source. For a gas at
5 x 107 °x they predict the most easily observable non-continumm
features to be the 0+8 and Ne+10 recombination edges. In contrast

to magnetobremsstrahlung, free-free emission is unpolearized.
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Thermal mechanisms have also been advanced to explain power law
spectra (Bayakavws ot al 1966), Mcre recently, Sartori. and Morrison
(1967) have argued that superpositici of the thermal spectra from
a number of distinct tempersturc regions in a scurce provides a
gocd fit to a single pover law spectrum. They have suggested that
this might be the case in Tau XR-1. The observed spectrum of ScoX-1
from about 1 +¢c 100 KeV is consistent with either a two-temperature
(about 4 and 15 XaV) exponentiel description, or more roughiy a
single exponentinl (A= 2.8) power low (Buselli et =1 1963, Holt et

al 1969).

Thus it is not possible to uniquely identify exponential or
power law spochra with either the thermal or synchrotron production
nechanisms,. Additionnl date from more definitive experiments are
requircd, For oxample, the detection of polarized X-rays would
favour a magnetobremsstrahluag origin, while the detection of

spectral lines or edges would indicete a thermal source,

Attempts have been made te detect the polerization of X-rays
from Sco XR-1 and Tau XB-1 (ingel ¢t al 1969,.VWolff et al 1970).
The measurements have been severely limited by counting rate statistics
and nc¢ conclusive resulis have been cbtained. However, the preliminary
results arc (4.9+5.2)% for Sco XR-1 which is essentially a null
result and £20% for Tau XR-1 which is consistent with either zero
or the observed optical and radio polarizrntion. No radic or oplical

polarization Las Loen observed in Sco XR~1.
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.. 2 2
Line emission from Fe+ 4 and Fe+ 5

ote 7 KoV was tentatively
cleimed for Sco XR-1 by Holt et al (1969) and has been confirmed
by Acton et al (1970). This almost certainly provides decisive

evidence for thermal emission. Thus far, only null results have been

obtained for iron line emission from the Crab (Boldt et al 1969).

1.2.3 Compton seattering:

Another important non-thermal Z-ray production mechapism is
Compton scatiering (Felten and Morrison 1963, 1966) in which X-radietion
results from the transfer of energy from relativistic electrons
to photons in electron-photon interactions. It is sometimes veferred
to as Minverse" Compton scattering since the photon gains energy
rather than loses it as in the more familiar type of Compton inter-—
action, Nc magnebic field is necessary so there will be no radio

emission directly related to the X~ray emission.

An electron of energyﬁ::fh%cz ¥ s upon undergoing an

t
"inverse" Compton interaction with a low energy (Eo) photon imparts

a smzll fraction of its energy to the photon, The photon energy is
increased to E’“GZEO’ provided YE «‘n?)CZ. Thus c¢lectrons of energy
~1O1OeV interscting with photons of energy EOA/OJ eV, will produce
~10 MeV photons. The electrons required are of lower emergy than

those required for synchrotron emission of X-ray and Y-ray photons

of the same encrgy, Since all collision angles are possible, a

spectrum of scattered photon energies results and this can be calculated
using the equations of classical Thomson scattering for the condition

'KE<<m§2. Por = power law eleciron spectrum given byrw(t)J5=r% X_mdx,

the Compton photon spectrum observable at the Earth is also given
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by & power lawi-
m-32 t=—m
3 .2 z
I, = 107(56.9) n, RpT (h¥)  ceveecaseled

by
. -2 =1 -1 - L. -
Here IL» is in eV em "sec Sy eV shyis in electrons cm R

3-m

is the line of sight extent of the emission region in light years,

T is the characteristic blackbody temperature of the photon
disvribution in OK,Hv is the scattered photon energy in eV andfais
the energy density of the low energy photon distribution in eV cm—3.

Values of photon energy densities are given in table 1.2.

g — e e s — e ]

s et s 1 o o v

Table 1.2 Cosmic ?QPton eneﬁgg_ggqsifigguiiev cmi?)) -
| Isotropic X-ray 5x10™4 5
Microwave 2.7 K 2.55{10-'1
i Galectic sbarlight 5%107 "
Extragelactic starlight 10_2
‘ Galectic Infra red (0.4 to 1.33mm.)|6
i

#Morrison (1966), Ipavich and Lenchek (1970)

1n19
G seconds, so that

The electron lifetime is given byii(xfﬁ =
1010 eV electrons interacting with galactic starlight heving <

~ 0,5 eV cm_3 will survive for vv108 years. The Compton effeect

is not thought to be a significant process in discrete sources
(except perhaps in X-rey galaxies) because of the high electron

and photon densities required for objects of such small extent,

It has been suggested by Demoulin and Burbidge (1968) as a possihle
origin for X-reys from the M87 jet but Burbidge himself has expressed

doubts and favours synchrotron emission as an explanation (Burbidge

1969) .

However, it is highly regerded as the process operating in

intergalactic space to produce the diffuse background flux of X-rays
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from interactions of cosmic rey electrons with the 2.7 °k blackbedy
radistion (Felten and Morrison 1966, , Brecher and Morrison 1969)

and the following secticn discusses this possibility in more deteail.

1.3 THE DIFPUSE Z-R4Y BACKUGROUND:

The existence of a diffuse flux of background X-radiation of
apparently extragalactic crigin has raised impertant questions
concerning cosmology, interstellar and intergalactic matter and
cosmic roy physics. The diffuse X~ray beckground appears to have
at. least two components, one at high energies,? 1 KeV, and a low

energy flux which has been observed at ~0.25 KeV,

1,3.1, The Soft Cemponent, C,25 KeV,

The low energy {~0.25 KeV) background fiux (Bowyer et al 1968,
Henry ot ol 1966, Baxter et al 1969, Bunner et al 1969), has been
observed to be above the simple power law extrapolation of the bard

spectrum (sce section 1.3.2.) =nd a different origin seems likely.

©

This bns become a matter of great intercst because closed universe
cosmologies reguire the universe to have a mean density of 10
-3 . o o .

hydrogen atoms m ~. Gelactic matter cannot meet this requirement
and if the "lost" matiter exists, it must be found in the intergalactic

. . . s . 6 o
medivm and mast have o bemperaturs of ~2 0,1 x 100 K (Gould, 1968).
Therimal emissicn ¢f soft X~rays provides the only means of detecting

such a ges, and Henry ¢t al (1968) suggest +their results arc

consistent with such intergalactic emission.
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If this is so, the transparency of intergalactic space to the
rediation places constraints on heavy element abundances in the
jntergalactic medium. In particular C and N must be present at 5;2%
of their cosmic abundances and this in turn places limits on the
cumulative "pollution" of intergalactic space by galexies and exploding
objects during cosmological time (Sciama 1969).

Attenuation of this low energy radiation is observed in the
direction of the galactic plane, but Bowyer et al and Bunner et al.
have noted that the amount of galactic absorption is inconsistent
with the amount of gnlactic neutral hydrogen as indicated by 21 cm,
measurements, They suggest that a random, clumpy, cloud-like
distribution of interstellar HI may resolve the question,

The questions raised by the low energy background will not be
further pursued in this thesis, I now turn to a summary of the higher
energy background, for which some experimental results obtained by
the Adelaide Group will be presented in Chapter 8.

1.3.2 The diffuse beckground spectrum (>1 KeV)

The diffuse X-ray background intensity above 1 KeV has been found
to be isotropic with respect to the galactic plane to within about 10%
(see section 8.2) and this fact suggests an extragalactic origin,
Many models have been offered to explain the existence of this
radiation (see section 1.3.3), and these models must satisfy not only
the constraint of isotropy, but also the observed spectral
characteristics of the radiation,

Early observations revealed that the diffuse background spectrum

could be described by a power law with exponent A~1l (see equation 1,1),



However, more recent mensurements point
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+o +he existence of a break

in the spectral exponent in the energy interval between 10 end 100

KeV. The magnitude of the exponent ch: pze and the energy range Over

whieh it occurs are currently under discussion.

Blzeker and

Deerenberg (1970a) have tabulated some recent results concerning the

exponent 3+ 1 of the difforential number spectrum N(&)aE =

)

={
No®

dE, and table 1,3 contains these and ia addition some others.

Table 1.3:

Diffuse bockporound spectra

Experiment

Energy Range (KeV}

Spectral Index (A +1)

Seward et al. (1967)
Vatsuoka et al. (1968)
Poldt et al. (1963)

Boldt et al. (1969
Gorenstein et al. (1968)
Wenry et al, {1963)
Ducros et al, (1969}
Bleeker et al. (1968}
Bleeker et al. {(1970a)

Hudson et al (1966)
Kagturi Eangan st al.
(1969)
Rothenflug
Hothenflug
Rocchia et
Cunningham

et al, (2965)
et al. (1968)
al. (1967)

et al. (1970)

4-40
4=8
2-20

2--20
1-13
1.5-8
2.5-12
20-~180G )
20=-220

20--T0

20-130
20-50
15-100
25-1000
2.6-19

1.6

nearly flat
1.3%0.1
40,07

- 0,10

The exponent thus has an average value of ~:1.5 below ~20 KeV

and ~ 2.5 above 20 KeV,

and for the brenk energy are difficult to ascertain,

(1969) suggest a change in

and 80 KeV,

law exponent of~1.7 is applicable up to 60 KeV,

a change of about one half power,

However, exact values for the exponents

Boldt et a}.

spectral index of about unity between 20

Gorenstein et sl. (1963) believe that a single power

above which there is
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Bleeker and Deerenberg (1970a) mointain that a sharp break lies
between 10 and 20 KeV from a comparison of their balloon results
between 20 and 220 KeV with rocket results for ¥ <10 KeV, Hilson
(1968) maintains that a sudden change of index can have little
physical significance and favours & gradusl variation of exponent
from ~~1.6 to --2.4 over the 10 to 100 KeV energy interval.

The characteristies of the spectrs:l index change are presently .
of high observatiuvnal priority since they impose strong constraints
on any diffuse beckground source model.

1.3.3 Theorebical Models

There nre basically two types of theoretical medel vhich have
been constructed to satisfy the spatial and spectral characteristics
of the diffuse background at the energies being considered here.
One, first suggested by Gould and Burbidge (1963) considers the
background flux to result from the superposition of distant, usually
cosmelogically—evolving, X-ray-emitting galaxies, while the other
(Felten and Morrison 1963, 1966) proposes that the X-rediation is
produced in metngalactic spuce by the inverse Compton inberaction of
cosmic ray electrons =nd low energy photons. A number of varistions
exist upon these two bzsic model categories,

Uould and Burbidge (1963) first suggested that the superposition
of unresclved normal galaxies, each of vhich emits X-rays at &n
intensity comparable to our own galaxy, may explain the diffuse

backgrounnd, Hewever, the predicted background intensity falls about

two orders of magnitude below that observed.
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Silk (1968) brought cosmclogical factors into consideration and
assumed that the X-ray intensity of normal galaxies evolves with time
in a manner analogous to radio emission as indicated by redio source
counts, In this way he wes able to obtain good agreement with
observation if galactic sources such as Sco XR-1 and Tau XR-1 were
typically present in other galaxies., However, his assumptions
concerning normal galaxy evolution have no observational basis,

Compton scattering in radio galaxies of 3° E, blackbody photons
by the radio-emitting electrons was suggested as & source mechanism
independently by Bergamini et al. (1967) and Brecher and Morrison
(1967). An attempt was made to account for the cosmological
evolution of both the radio sources and the 1° K. primordial radiation,
and it was found that the X-ray background intensity could be
explained if such galaxies were located at red-shifts Z~5., More
detailed developments of this model have appeared by Rees and Setti
(1968) and Felten and Rees (1969), However, its weakness lies in the
fact that the assumptions with regard to radio-galaxy evolution are
based on dats whose interpretation still contains ambiguities
(Brecher and Burbidge 1970), Also the observed X-ray spectral break
is not easily explained,

Ancther Compton scattering superposition model is that of
Longair and Sunyaev (1969a) in which relativistic cosmic ray electrons
and infra-red photons are involved., Both the electrons and the
photons are assumed to be produced in the nuclei of galaxies which

are weak radio emitters but very strong in the infra-red.
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Examples may be Seyfert galaxies and radio—quiet quasi-stellar objects
(Q.5.0's), The model can give rise to a break in the X-ray spectrum
of a single object due to electron energy losses. However,
superposition of such spectra, which may not all have identical
intrinsic properties and which originate at many differend red-shifts,
would be expected to "smear out" the break in the cbserved spectrum,
This objection is of course applicable to all superposition models,

The final significant superposition model is due independently
to Apparao (1969) and Tucker (1970) who consider that the integrated
effects of new-born pulsars in distont galaxies may account for the
observed X-ray background. The assumption is made that pulsars emit
X-rays farrmore copiously in their very early life as supernovae.
than at a later age, and by assuming a pulsar evolutionary model,
taking NP0O532 as s guide, it is possible to account for the observed
background intensity. No spectral predictions are made. However,
ttereis & lack of direct evidence in support of the assumption that
nev pulsars are powerful X-ray emitters, In addition the usual
difficulties arise when one tries to account for the XZ-ray spectral
break using a superposition of many such sources.,

Felten and Morrison (1963, 1966) first investigated the
possibility that Compton interactions (a) between galactic halo
electrons and ganlactic starlight photons, and (b) between metagalactic
cosmic ray electrons and 2,7° . photons, might produce background
X~rays, However, the expected intensity in each case was inadequate
by at least 2 orders of magnitude, Brecher and Morrison (1969)

re—-examined the question of electron escape from normal galaxies and
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anssumed that the observed break in the local galactic electron
spectrum and the inferred break in the radio spectra of normal
gnlaxies (at about 3GeV) was intrinsic to the electron source
mechanisms in say supernovae, pulsars or galactic nuclei, Good
agreement was then obtained with observation and also the 40 KeV
A-ray break could be related to the proposed 3 GeV break in the
intergalactic electron spectrum, However, theassumptions with
regard to electron escape from normal galaxies and the intergalactic
electron spectrum have no direct observational support,

Wilson (1968) has developed a variation of the Felten-
Morrison model by using the work of Kellermann (1966) in which the
sprend cf observed radio scurce spectral indices was explained by
proposing the injecticen of relativistic electons with o single power
law exponent (~1.5) into radio source magnetic fields in series of
bursts. inergy losses due to (a) ionization, independent of electron
energy Ee, (b) adiabatic expansion and bremssirahlung, proportional
to E_, and (¢) synchrotron and Compton interactions, proportional to
Ee?, result in a 3-component power law electron spectrum with
exponents about 1,5, 2.5 and 3.5

These electrons escape into the metagalactic medium and upon
interaction with the 3%, radiation produce a 3-—component X-ray
gpectrum with exponents about 1.7, 2.3 and 2.7 with increasing
photon energy, the spectral breaks occurring between 10 and 100 KeV

and at ~~ 1,5 MeV,
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The X-ray results appear %o be consistent with this model. However,
the prediction of the 1.5 leV break appesrs inconsistent with the gamma-
ray observations of Votteet al, (1970) vhich indicate a flattening,
rather than a steepening of the spectrum abovesbout 1 MeV. However,
these results can be attributed to red-shifted (&~100) n decay
photons (Stecker 1969 a,b) whose flux exceeds the predicted Compton
flux at these energies and thus mnkes unobservable the 1.5 MeV
Compton spectral break,

$ilk and MeCray (1969) are able to predict the observed X-ray
spectrum between 10 KeV and 1 MeV by postulating non~thermal

bremsstrohlung of sub-cosmic ray electrons, with energies U ~1 KeV
2 A Q

to 10 FeV which at present are unobservable, with a low-density

. cmTB) thermal, ionized intergnlsctic plasme which itself has

(10
been heated by the electrons, in an expanding universe. Good
agreement with observation is obtained but unfortumately the required
sub-cosmic ray electron flux cannot be independently verified,

Hoynkawa - (1969b)and Boldt and Serlemitsos (1%9%9a) hove
independently calculated that the inner bremssirahlung of intergalactic
suprathermal protons with ambient electrons is also able to produce
an X-ray intensity compsrable to that observed.

There i thus a wealth of theoreticsl molels from which to choose,
none of which is completely satisfactory. The superposition models
encounter difficulties in reproducing the chserved spectral breek
and also rely sn speculntion concerning the evolution of normal
palaxies, radic galaxies and pulsers and concerning the properties

of Seyfert gnlaxies and radio-quist ©.5.0's.



The metagalactic models depend on assumptions with regard to largely
unknown intergnlactic particle fluxes, the intergalactic gas density
and also on assumpbions with respect to cosmological evolution.

14 therefore secems that with so many theoretical alternatives,
it is now up to the experimental astrophysicist to provide
observations vhich will lead to the elimination of many of these
models., This can be achieved by more precisely determining the
directional properties of the X-ray background using instruments of
finer angular resolution, in an effort to resolve the superposed
contributions from discrete X-ray galaxies. /{lso necessary are
measurements of improved spectral resolution to determine the exact
quontitative nnture of the spectrsl break in the 10 to 100 KeV region.

1.4 THE ADELAIDE BALLOON-DOIE NIPRRIMENTS

“he X-ray telesvopes of the University of Adelaide payload consist
of slkali halide scintillators vhich nave been given.direeticnal
properties with respect to the incident radiation, by appropriate
shielding and collimation techniques (sce chapter 2). In contrast
to conventional astronomical observations however, severe atmospheric
attenuation at X-ray wavelengtlis necessitates the operation of X-ray
astronomy observatories above the bulk of the earth's atmosphere.
Figure 1.1 illustrates this attenuation 285 a function of photon energy
at different atmospheric depths, One optical depth for 30 KeV
photons corresponds to an atmospheric pressure of 3 gm. cm-:2 and to

an altitude of ~40 km or 130,000 feet,
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Fig: 1,1 Atmospheric attenuation of Xradiation as a function
of energy for different atmospheric depths. |
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This altitude is accessible to large modern belloons carrying
typical X-ray astronomy poyloads of ~ 300 kg. weight, and is
sufficient to permit useful work down to photon energies of 15 KeV.
At energies lower than 15 KeV, observations are best made using
rockets or satellites, since for example, ot 3 KeV, unit optical
depth is 0,005 gm, cm?z. The usefulness of rockets declines at
higher energies due to the loss of counting stotistics resulting
from the short observing time svailable ( & 5 minutes) and the
decrense in intensity of cosmic X-roy spectra with increasing energy.
Longer observing times ( ~ 5 hours) are possible using balloons and
statistically significantresults can consequently be obtained up to
energies of ~s200 KeV in spite of the increased pttenuation of the
primary X-radiation and the increased cosmic ray induced background
originating in the residual atmosphere, Of course, the ideal
observing vehicles are satellites (and eventually the Moon) which are
capable of combining all the good features of balloons and rockets
without their disadvantages. To date, only relatively small K-ray
telescopes have been flown on spacecraft, and the area-time products
for their exposure to any region of the sky have been only comparable,
and often less, than that attained with pointed balloon~borne
observatories. The planned launching of several satellites in 1970-7T4
should alter this situation, Meanwhile, balloon-borne observatories

provide the best means of making high energy cosmic X-ray observations.



26,

Balloon experiments flown from Southern Hemisphere locations,
for exanple Austrnlia, are especinlly valuable., This is a consequence
of the southern location of the ghlactic centre region and the adjacent
gelactic longitudes 1II beteen ~v300° and 100, in vhich mony discrete
X-ray sources with hard spectra are to be found (Buselli et al. 1968,
Thomns 1968g,Lewin et al, 1968a, 1969, Riegler et al. 1968), The Hwo
most spectacular X-ray veriables observed, Cen X-2 ond Cen -4 (see
section 1.1.3), ns well as the Magellanic Clouds, have southern
locations also. In fact, reference to table 1.1 (section 1.1.1) shows
thnt 19 of the 29 listed confirmed sources have southern colestial
declinmticons.,

In the Univergity of Ldelaide experiments, two altazimuth
mounted X-ray telescopes were uwsually smployed. These were an
actively collimated and shielded teleccope {the "active telescope)
and a graded shield, passive collimator telescope (the "graded shield (GS)
telescope"), which will be described in chapier 2, Details of flights
launched from Mildury, Vietoria (except where indicated) are listed
in tables 1.4 (a) and (b). Both telescopes were flown on the flights
HIL~-1-68, MIL-2-68, MIL~1-69 and MIL-2-69, while for the other flights
only the nctive telescope, pointing verticelly, was employed upon a
paylond of reduced weight., The bulk of the Z-ray results presented

in this thesis ware obtainzd from the nctive telescope.
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details, University of Adelaide

Active telescope
Flight Lounch Float | Cutdown | Altitude | Tuse Height Analyser
Désig- | Date and Time| (U.T.)| (U.T.) | gm. em~2 Chgo Channel
nation U, T, * bounds increments
(KeV) (KeV)
MIL-1-68 | 1968, Feb 28
18736 | 21831™ | 01732" 2.7 {7.0,17.0 | 10.0
| MIL-2-68 | 1968, Nov 26 | Not
18%01™ | Reached | 20°19™ Prempture Cut—down
A%
MIL-1-69 | 1969, April 26
14828 | 16755 | 20%31™ [3.2-3.7 |12.7,22.7| 10.0
*N
MIL-2-69 |1969, May 1
21742 | ooPoe™ {o7t16® |3.2-3.8 |12.7,22.7] 10.0
MIL-3-69 |1969, iug 25
h..m h, .m h,,m
0309 0530 | 0818 4.5 |10.8,19.7 9.7
MIL-1-70 |1970, Mar 25 |Abortive' Flight i

* To obtain Easbern Australian Stondard Time (EAST), sag 10"00"

To Universal time,
#*lpunched from Waikerie, South Australia,

Table 1,1 (b) Flight Environmental Conlitions (ﬂ;om ESSA reports)

died e
MIL-1-68 5-50, 50, 5- Nil
MIL-2-68 2" 1n (1754 to 1810 hrs.)

. MIL-1-69 10,20,20 Nil
MIL~-2-69 20,27,37,20 Nil
MIL-3-69 1+,0+ Nil
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CHAPTER 2

INSTRUMENTATION

2.1 INTRODUCTION

In this chapter a description of the experiment payload will be
given . wvith the bias towards engineering aspects, The physical
principles involved in the X-ray telescopes will be discussed more
fully in chapter 3, and those involved in the use of the magnetometers,
in chapter 4,

It will be commented now that the Adelaide observatory is a
moderately complex instrument, whose correct operation depended greatly
on a number of subsystems which required a great deal of technical
development, Since these subsystems were crucial to the successful
performance of the flight objectives, and since they also excercised
a control on the type of data that could be obtained, they will be
reviewed now in conceptusl detail.

2.2 THE BALLOON PAYLOAD

The flights MIL-1-68, MIL-2-68, MIL-1-69 and MIL-2-69 (see
table 1.4) used almost identical payloads which comprised the two
X-ray telescopes briefly mentioned in section 1.4. The payload was
attached to balloon rigging lines through a central vertical ghaft
vhich was driven in either direction on command by an electric motor.
The moment of inertia of the balloon resulted in the payload being
rotated in azimuth. Care was taken to minimize torsional oscillations
by using spreaded ribbon suspension. A pair of horizontzl, orthogonal
flux~gate magnetometers provided » measurement of the telescope

azimuth with respect to the horizontal intensity component of the

local geomagnetic field.
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The zenith angle of the uctive telescope was fixed at 32° for
MIL-1-68 “ut could be varied by ground command in subsequent flights.
Its value was measured using a vertical plumbob and a shaft encoder.
The zenith angle of the graded shield telescope was Tixed hefore each
flight and was nct variable.

Separate electronics packages were carried containing the active
telescope 16 channel pulse height anclyser (P.H.A.}, and the G.S,
telescope P.il.A. The Lata Storsge Unit (4.S5.U.) contained mainly
binary registers for the accummulation of emergy channel counts,
while the Dntn Pransmission Unit (D.7.U.) contained the telemetry
circuitry which converted the physical data into a bit rate and then
a mixed audio signal which was used to modulate two one watt Fii
transmitters having carriers of slightly different frequency necar 70
MUz . A block diagrem of the total system's essentials is shown in
figure 2,1.

o the active telescope was attached the in-flight energy

153 241)

Y

calibrator which moved an Z-ray line-smitting isovope (Gd or Am
into the field of view for about one minute in seventeen in crder to
check on the stubility of the detector energy calibration,

Control equipment of the Australian Department of Supply belloon
launch facility was ineluded in the payload which was wrapped ir a
10 cm. thiek poly-urethane-foam thermal shield (~+5 cm. thick over
telescope fields of view) which ensured temperature stability to
withiin about SOC. for the duration of a flight. Protective "erush-pad”

wes tied to the bottem nnd sides of the payload to minimize the shock

suffered by the peyload upon landing.
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The complete paylond weighsd about 300 kg. and float aliitudes of
the order of 40 km, (residual air pressure 3 to 4 gm. cm?z) were
typically attained. The experiment floated at ceiling altitude for
between 3 and 8 hours, depending on the wind vector and Department of
Civil Aviation air space regulations.

The flights MIL-3-69 and MIL-1~70 differed from the 4 previous
flights in that only the active telescope was flown, pointing
vertically upwards and making the use of magnetometers unnecessary.
The decrease in payload weight was considerable and allowed the use

of smaller balloons.

2,3 ThE X-RAY DHETECTORS

Since the asctive telescope provided the bulk of the data used in
this thesis, it will be described more fully than the graded shield
telescopes, However, I shall describe the latter first,

2.3 The Graded Shield Telescope

The graded shield telescope is shown diagrammatically in fig,2,2
and is basically similar to the pioneering design of Boldt et al, (1966)
It consists of a graded shield well of lead orn the outside, then a
silver—-tin alloy whose major constitusnt is silver, and innermost a
ceylindrical sheet of conetic shielding which is a cobalt-nickel alloy
and which also provides magnetic shielding for 5 photomultiplier
tube. The graded shield makes use of the X-ray edges of the materials
involved to progressively degrode high energy photons to energies

below the lower bhoundary of the energy range being snalysed,
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In this way incident high cnergy photons are execluded from the
detector except when coming from a large forward-looking solid angle
defined by the crystal-shield geometry.

The viewing angle can be further reduced by placing a passive
copper collimator at the open etd of the telescope. Inside the outer
passive graded shield is an inner anticoinciflence shield of polytoluene
scintillator which is viewed by 4 photomnltipliers and which minimizes
the charged prrticle contribution to the mzin detector coumbing frate.

The central detector is a 19 cm., diameter, 3 mm. thick CsI(T1)
crystal of sensitive aren 220 cm? and is viewed through a lucite light
pipe (to improve uniformity of light collection) by a single 22 cm.
diameter photomultiplier (PM) tube. Light pulses from this crystal
which satisfy the anticoincidence requirement sre pulse height analysed
(4 channels from 30 to 80 ¥eV for MIL-1-68, 5 channels from 30 to 125
KeV for loter flights) and the resulting spectrum, together with the
guard count rate, telemetred to ground every 4 seconds. The zenith
angle of the graded shield telescope is not variable and is fixed
before a flight at a value in acecord with the observing plan of the
experiment,

?2.3,2 The Active Telescone

The active telescope is shown diagrammatically in fig, 2.3 and is
similar in principle to the design of Paterscn et al, (1967). It
comprises a 2 mm, thick NaI(T1l) scintillating crystal viewed by three
RCA6199 photomiltipliers in parallel and shielded by at least 16 mean
free paths (at 100 KeV.) of scintillator in all directions other than
those within a conical viewing angle of 8.9° PWild (full width at half-

maximum response.
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Pig. 2.4. Photograph of the NaI(T1) well of
the active telescope, showing the
viewing ports for 8 photomultiplier

tubes,






Fige 2.5, Photograph of the CsI(Na) collimator
of the active telescope, together

with one of four photomultiplier tubes.
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This shiélding is achieved by placing the central detecting crystal
within a cylindrical "well" scintillator made of 2.5 cm, thick NaI(T1)
(see fig. 2.4) and viewed by eight RCA6199 photomultiplier tubes.

Collimation is achieved by ao 5.9 cm., thick crystal of CsI(Na)
scintillator through which are drilled, parallel to the telescope axis,
65 holes of 1 cm, diameter (see figs, 2.5). This scintillator is
viewed by 4 photomultipliers once again RCA6199's. The sensitive area
of the detector is 54.3 cm? and the geometry factor for an isotropic
flux is 1,36 cm? sterad,

This telescope differs from the graded shield telescope in that
its shielding and collimation are achieved entirely by active means,
thereby reducing the effects of radiation which scatters from the
guard ond collimator materials into the central detector and produces
unvanted background,

The major practical problem confronting experimentelists in this
field is that of suppressing detector backgrounds to a level which will
allov point sources to become evident. Components of the background
counting rate are (2) an inherent cosmic ray induced background or
guard lesnkage background caused by interactions of charged cosmic rays
and high energy photcns with the telescope's collimator, guard and
general surroundings, producing daughter products which then escape
detection by the guard system, (b) diffuse atmospheric X-radiation
entering through the telescope aperture, which is secondary radiation
originating from cosmic ray interactions with the overlying atmosphere,
and (¢) a diffuse X-ray background of cosmic origin which enters the

telescope aperture after sttenuation by the overlying atmosphere.
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These componants will be discussed more fully in chapters 6 and T,
Here I will just point out that wherens components () and (¢) will
contribute according to the solid engle of the telescope concerned,
irrespective of its structural configuration, component (a) is very
much determined by the methods of collimation and shielding used,

Component (a) contributes significantly less to the background
rate of an actively collimated detector, since any energetic daughter
products of high energy cosmic ray interactions within the collimator
material will generate an anticoincidence signal to prevent the pulse
height enalysis of any secondary radiation which might reach the central
crystal, No such safeguard exists for a passively collimated telescope,
although the presence of the plastic scintillator as part of the graded
shield guard provides protection against such phenomena in the well
guard, The background rate of the active telescope at float eltitude
is estimated to be about 10_2 thot of an unshielded 2 mm. crystal
(Peterson et al, 1967).

2.4 THE PHOSWICH SYSTEM

The phoswich system is designed to minimize the spurious response
of the active telescope which originates from Compton interactions in
the central detector or in the light pipe which provides the cptical
coupling between the centrel crystal and the P tubes. Good optical
coupling is necessary to ensure uniform light collection over the face
of the crystal and hence linearity of detector response with photon
energy. & lucite 1light pipe is generally employed. However, Compton
recoils which occur either in the crystal of lucite and which
simultaneously deposit a recoil electron in the lucite and o scattered

photon in the crystal, will contribute to the spurious counting rate,
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In order to eliminate this source of background it was decided
to replace the lucite: light pipe with polytoluene plasticscintillatér -
in which Compton recoil electrons would be detected, Both the NaI(T1)
and the plastic ere viewed by the same M. tubes. However, since the
light decay times for polytoluene and NaI(T1) are 1lOnsec., and 250nsec.
respectively pulse shape sensitive circuits can discriminate between
the pulses from each scintillator. The plastic pulses due to the
Compton recail electrons are then used in anticoincidence with the
NaI(T1l) pulses to rejoect central crystal events associatéd . with the
Compton electrons.

Figures 2,6 (a) and (b) illustrate schematically the operational
details of the phoswich, The input signal to the PHA is taken from
the PM tube anoda which is held at a potential of +1000 volts., An
identical signal, but of smaller amplitude and inverted, is taken from
the FM tube 10th dynode and is used sepaurately to generate the
phoswich anticoincidence signal, Pulse shape discrimination is
achieved by means of e delay line clipping ceble comprising 2% petres
(delaynJIOnS) of RG-58U coaxial cable of characteristic impedance
50.n- and terminated with a resistance of 5. .

This choice of clipping cable parameters has been found to be
optinal . for effective pulse shape discriminetion which is achieved by
means of the reflection, with inverted polarity, of any signal
appearing at the open end of the cable., The plastic pulses of very
short duration decay to zero before the return of the reflection from
the 5. termination which adds a large negative backswing to the

original positive pulse.
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However, a HoT(T1l) pulse of longer decsy bime is still very nearly at
its moximum amplitude as the reflection returns, Superpogition of the
oppesite pelarity original ond reflected components results in abrupt
cancellation of the pulse with verylittle negative backswing.
Circuitry designed to recogrise a negotive backswing numerically
grester thun a preset discrimination velue is then employed to "pick
off" each plostic pulse. '"Picked off" pulses activate a single shot
multivibrator, thereby generating the phoswich input signal to the
anticoincidence gste.

The effectiveness of the phoswich ond the other gunrd retes with
regard to background rejection is discussed with quantitative results
in chapter 3,

2.5, PULSTE PEICGHT ANALYSIS

"he active telescope 16 channel pulse height analyser is shown
schematically in fig. 2.7, - ° Pulses from the central crystal
are first omplified by & charge-—sensitive preamplifier in order to
minimize the pulse attenustion caused by coaxial cable capacitence.

A standard voltage amplifier then follows. The output of the voltage
amplifier then goes to two parallel sections of the system, the
height—to-time converter, and the anticoincidence ¢ircuitry.

2.5.1 Anticoincidence logic

Two discriminators are used to define the upper and lower levels
of the energy range ‘o be analysed, A pulse whose height exceeds either
reference level triggers the respective single-shot multivibrator. The
resulting outputs ore both "ones" (+5 volts) only for o pulse whose

height is within the analysis range.
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Three other discriminator signals at the NAND gate input come
from the collimator, well and phoswich scintillators respectively and
are "ones" in the quiescent or non-vetoing state. Should a veto pulse
arrive, the appropriate input drops to "zero" level to indicate its
presence. All discriminator pulse lengths are 5 ,isec, The remaining
NAND input is from o single-shot which indicntes whether the circuitry
is "busy" analysing a previous input pulse. It is a "one" in the
quiescent state and zero during the busy state.

The NAND gaote into which all these signals are fed obeys the logic
that its output will be a "zero" if all inputs are gnes™ ard will be
s "one" if at least one input is a "one", Consequently the NAND output
will be quiescent,in the "one" state, except for a central detector pulse
which satisfies the anticoincidence requirements, i.e. 2 pulse whose
amplitude falls within the desired energy range, vhich is not coincident
with any event in either the collimator, well or light pipe, and which
does not arrive during the analysis of the previous pulse,

Such a pulse is indicated at the NAND output by o zero and this
signals the pulse height analyser to begin analysing.

2,5.2 Height—to—time Converter

This erucial unit of the PHA digitizes pulse heights, thereby
faciliteting their measurement and sorting into channels, A block
dingram appears in fig. 2.8,

A1l central Aetector pulses appear at the input but only those
satisfying all anticoincidence criteria pass beyond the linear AND
gate. This is opened when the NAND output signals a valid event, fires

a single-shot and generates a 2/;sec. gstrobe signal,
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Strobed pulses pass on to the ramp generator, in which a mica
capacitor (C farad) is charged to the pulse height (V volts) and is
immediately allowed to discharge through o constant current (ic amp)
circuit., In this way a linear veltage ramp is generated, of duration
Ot seconds, where Nt = CV/ic. Thé discharge rate is about 3 volts
per millisecond &nd linearity with the original pulse heighi is
conserved for pulses not exceeding ~7 volts in amplitude, Temperature
stability has been established to within 6% over the range -20%C. to
+50°C. by use of a thermistor bias control in the constant current
discharge circuit.

A difference amplifier detects the instant at which the ramp
voltage reaches earth potential and produces a rectangular output
pulse, nlso of duration /At seconds. This signal is used to gate the
output from o 100KHZ crystal oscillator to produce a pulse train
containing 105.4§t pulses (e« V), The pulse train is scaled down by a
factor of 16 such that for the energy range enalysed, the number (ec V)
of output pulges lies between 1 and 16 inclusive, corresponding to
the 16 energy channels, The use of a high frequency pulse train,
followed by a scaler minimizes any error introduced into the energy
calibration as a result of the digitization operation.

Logic operations then follow which recognize the number cf output
pulses nnd generate a pulse which is assigned to a 5 bit binary register
in the DSU corresponding %o the appropricte energy channel, The .
contents of each energy channel are accumulated for 4 seconds before
being read out into the telemetry stream and the register reset., The

channel reading operation is described more fully in section 2.10,
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A more complete description of the pulse heipght analyser end of
the laboratory performance tests on the active telescope system are
to be found elsewhere (Clancy ‘1971 ).

2,6 IN-FLIGHY BNERGY CALIBRATION

In order to verify the stability of the active telescope energy
cnlibration under the peculiar environmental conditions pertaining to
a balloon flight, it was necessary to use s system of in~flight energy
calibration, This was accomplished by driving a gamma source into the
telescope field of view for 64 seconds every 1024 seconds, The
timing signals to achieve this were derived from the countdown chain
of the 100 iz crystal cscillator located in the DTU.

For MIL-1-6% the source used was GJ?’ (see tadled.3}which has a
peak at 41 KoV and two peaks of slmost equnl intensity at 97 and 103
KeV. whicli in view of the detcctor's cnergy resclution could be regarded
as a single line at 100 KeV. This scurce provided {wo calibration
points thereby allowing a check c¢n the system linearity alsa. However,
its short half-life of 236 days rendered it ineffective within about
o year, Consocquently, for flights MIL-1-69 etc., an.m;“ source was
used, with a line energy of 60 KeV and 5 half-life of 460 years.

Analysis of in-flight calibration data verified that no
significant ¢nergy calibration changes occurred on any flight of the
payload,

2.7 THE MAGNETOMETERS

The nzimuthal orientation of the paylead is measured by a pair
of nominally orthogonal and horizontal flux-gate magnetometers, each

of which measures the geomagnetic field component in the axial

direction of the sensor,
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2.7.1 The Sensors

fineh sensor consists of a high permeability magnetic core vwhich
is driven into saturation by an alternating magnetic field generated
in a surrounding coil by a 5 KHz excitation current, Even harmonics
are generated whose amplitude (L) is proportional to the directed
ambient field component (Hll) parallel to the core axis. This
amplitude is then translated into a IC level (V) proportional to A

sud hence to H,..V may be either positive or negative according to

11

the direction of H,,. However, the final output DC level (Vo) is
always positive and equal to V + VB vhere ngcx positive bias voltage.

Hence

V =V_ + constant, H
o B

B 11 ....-.......2.18.

The geomagnetic field is of sufficient intensity to induce a
magnetization field which is a significant fraction of the total
saturation of the high permeability core, and is measurable with ease,
"he ing‘ruments employed were manufactured by the Schonstedt Instrument .
Co. (Heliflux Magnetic Aspect Sensor, type RAM-3).

2,7.2 Digitization and resd-out

Figure 2.9 shows the azimuth measuring system schematically. The
two Schonstedt units are supplied by a stabilized 6.3 volt DC supply
and the analogue outputs are sampled for 800 mS at intervals of 4
seconds. The two sampled DC levels sre then dititized by analogue-to-—
digital (A-D) converters and the resulting pulse trains are counted
by two 10-bit registers which are cleared and read out into the

telemetry format (see seetion 2,10) every 4 seconds. The system
characteristics are calibrated during flight by replacing the magneto~
meter analogue signals with a stabilized reference voltage ~ Vg at the

same time ns the in-flight energy cslibration is perfarmed (see section 2.6)
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The knowledge is essential of the time relationship of the
magnetometer sample intervals and read-out times to the accumulation
intervals and read-out times of individual energy channels in order to
determine channel count rate profiles as a function of azimuth. These
time relationships are shown diagrammatically in fig., 2,10. The mean
azimuth during a data acquisition period must be separately calculated
for each channel by assuming a linear azimuth variation with time and
interpolating between consecutive azimuth angle read-outs.

2.7,3 The Response of the Magnetometers

The idealized response Mi@#) of the ith'horizontally oriented

magnetometer as a function of true azimuth @ is sipusoidal, thus:

K, ——

) H ,
i — = . . i = .1,
ui(qS) = Mi,o + . cos (¢ + q‘,i’o D)y; i=1, 2 2.1

Mi o is the sinusoid mean value which is related to the DC bias VB
b

in the analogue output (see equation 2.1n), H is the geomagnetic
horizontel intensity component, Ki is the magnetometer sensitivity,
¢&,0 is the azimuthal displacement of the sensor axis from the
telespope axis and D is the geomagnetic declination or the angle
between magnetic and true north.

The quantities Mi(¢) and M, are in units of "counts" (frequency
multiplied by sample time) from the A-D converters. If H is in gammas
(1 gamma (¥) = 10~ oersted of intensity or 10 gauss of induction
in reghons of zero susceptibility), thenKi ig in units of gammas per
count, Values of Ki were obtained by combining the measured amplitudes
of thecalibration curves Mi@?), i =1, 2, with measurements of H

obtained at Mildura by the Geophysical Branch, Australian Bureau of

Mineral Resources (BMR , see table 4,2), and were typically between
100 and 200 Yper count (see table 4.6).
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The quantities Mi,o’ Qbi,o (i =1, 2) must also be determined by
calibration, while D is known over an entire balloon flight path from
BMR mensurements,
Solution of the two simultaneous equations 2.1 yields for?S:
ko M2 - Map

tan (¢ + sbi,o - D) = cot (¢2’0 "¢’1’0) _[.K_l. Ml - "'1,0— .

cosec (9%,0 - 1,0ﬂ’ Mlgr Ml’o--"-z.z )

from which two possible numerical solutions for(b are obtained, The
quadrant of the correct solution is obtained by using either of
equations2,l., This value of 4>is independent of any variations in H,
Also a measurement of the value of H muy be made by substituting the
solution ¢ beck into equation 2,1 and solving for H., ' This measurement
provides a check on the correct operation of the magnetometer system,
Equations 2.1 and 2,2, their use, and the determination of the

calibration parameters involved will be fully discussed in chapter 44

2.7.4 Instrumental Limitations Upon Mensurement Accuracy

The digitization of magnetometer outputs sets a limit to the
attainable angulor resolution of an azimuth measurement. Equation 2.2

shows that the change in azimuth per unit change in output count is

given by
-Ki
¥ Y ocos (¢4, —~ D)y igds i, § =1,2 2.3
2 == 3,0 ==
oM, H
Tables 4.2 end 4,6 give values of H ond Ki respectively, with the
¢ 1n R .
result [O@ ﬁ; é);mr count for the angular resolution, Similarly
M,

the error in an absolute azimuth measurement per unit error in a

sinusoid mean value is given by

¥3d  _, Ki cos (p+gp. -D); iFj, i, j = 1.2 2.4
d ~ H R LA
Mi o

b
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Typically, Mi e 250 counts (sze table 4.6) and a one count error
9
)
(= 0.4%) mny result in a possible czimuth error of ,é.

Another small instrumental effect, which for precisely
horizontal magnetometers will not influence the szimuth measurement
but will affect any determination of [, is a result of the finite
magnetometer sample time (800 mS) and the rotation of the payload.
For a rotating payload, A-D converter counts are accumulsted not at

tr»""'ét-.
a single azimuth but over a range nf azimuths ('54;5 = f 0P &,
tYdt’

ot
where%?ﬁ is the time rate of change of azimuth and {i1 - &%, b, F 8+)
G t LD,
is the sample period.
If §g(<p(t)) is the A-D converter output freguency for the i 9h

magnetometer ot azimutht#(t}, then

V@) = + A, cos (B(t) “i’i,o -D), i=1,2___2.5

If*ﬁ(t) = constant and §t = 0.4 seconis, integration over the sample

= 0,8V, and H = 0,8%..
i,o = i

’ e

period yields equation 2.1 with M. = C.8Y., M,
i i’ Ti,o

?

et
e

However, if ¢p{t) is linear within the sample interval i.e. ¢(t) =¢g +

oAt = to), vhere'ﬁo and e nre constunts, integration of 2.5 gives

My =By + I Sin 0.4e( , cos (p +p -0 ___ 2.6
’ K, 0, 4e< 7

Comparison with eguation 2.1 shows that the mean and phase of the
response sinusoid are unnffected but that the amplitude is roduced.
Por an extremely rapid paylcad rototion rote,= 25° per sec,, the
nagnitude of the effective relative I change is lgﬁl =1 - Sin 0.4«

H 0,4%
~0,005, and the absolute variation is AH ~ - 125y, for H = 25,000 x.

This is only just comparsable with the instrumental sensitivity, More
Yy ) A

. ; 0 . ..
typical payload rotation rates of 1 per sec. result in a negligible

effect.
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Because the change is effectively in the measured value of H
and is identical for both magnetometers, the accuracy of the azimuth
measurement will not be impaired (see equation 2.2).

2.7.5 Svstem stability

The stability of a Schonstedt unit as a function of time has been
checked in a 30 hour laboratory test. No A-D converter was employed
and the analogue output of an arbitrarily oriented magnetometer,
powered by a stabilized bench supply, wassampled by a digital voltmeter
at 5 minute intervals, Negligible drift was observed,

However, the flight system consists of one .i-D converter per
magnetometer and a battery power supply whose discharge during flight
results in a small variation in the nominally staebilized 6.3 volt
magnetometer supply. This produces a small change in the system
output characteristics which can be monitored by means of the periodic
in-flight celibration already described.

Figure 2.11 shows the time behaviour of the battery pack and the
regulated 6.3 volt supply during a 14 hour laboratory rundown of the
payload bntteries, Also shown are the mognetometer outputs Mi
(arbitrary azimuth) and the magnetometer .ealibration outputs Mifﬁl'
An independent measurement (not plotted) of the reference voltage
used for calibration showed that it decreased by 10 mV over the 14
hours. From the known 4-D converter frequency vs. input voltage
characteristics,a. corresponding 2 to 3 count decrease in Mi,cal
would be expected, This was in fact observed (see Fig. 2.11) and
demonstrated that the A-D converter charncteristics remai?ed constant
for the 14 hours, a period comparable to the maximum expected

duration of a balloon flight.
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Since both the M, and M, are derived from the Schonstedt
i,cal i,o

’ b

bias voltage Vg {(see equation (2.1a)), variations in M, . imply

’

variations in Mi o which will have an effect on the accurapy of the
y

azimuth measurement, However, the Mi = should be independently

]
monitored for changes since they are determined by other factors
begides VB and cannot be simply adjusted using the observed variations

in the Mi In-flight checking procedures for the Mi o are described
4

,cal’
in chepter 4. Sinusoid amplitude changes due to the effects of rundown
on the values of Ki may be regarded in terms of an equivalent
horizontal intensity variation, since both the magnetometers have a
common stabilized supply and identical relative changes in amplitude
will occur. As a result the only effect on the azimuth measurement

due to battery rundown will be in the values of the Mi,o (i =1,2)

end these should be closely monitored during o flight, The time
variations of Ml and MZ (arbitrary azimuth) shown in fig., 2.11 result
from the combination of variaticns in the sinusoid means Mi s and the

’

amplitudes E (i = 1,2).
.
i

Temperature effects are not significant under flight conditions,
The thermal insulation surrounding the payloand ensures that internal
temperatures remain within about 500. of those at launch (FVZOOC).
The Schonstedt units have been temperature-tested between A 20°C. and
reveal o negligible temperature co-—efficient, The A-D converters have
o negligible co-efficient above OOCn, but below OOC., their cutput
frequencies change by about +1%JOC. drop in temperature, Xowever, the
electronics pachage containing the A-D converters has never dropped

below +15°C., during a f£light.
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Consequently temperature effects should be insignificant with regard
to the reliasble operation of ithe mngnetometer system,

2.8 THE ALPHATHRON PRESSURE GAUGH

The corrections which must be spplied to cosmic X-ray fluxes due
to absorption in the overlying stmosphere are strongly dependent on the
air thickness, especially at low energies (see fig., 1.1). It is
therefors necessary to know at 2ll times the depth nt which the
balloon is floating. The Depuriment of Supply balloon launch focility
at Mildurn proviies three means of determining this parameter. The
aneroid bellows-type barotrunsmitters become inadequate above about
100 ¥ £4. (~10 gm, cm?z), and their slphntron gauges contribute
significantly to *he telescope backgrouvd rates. Tracking-rodar
measurenents, used in conjunction with the US Ixtension to the ICAO
Stendard Atmosphere, 1962, provide an aceurabe means of determining
the residunl pressure. However, the possibility of radar malfunction
or signnl losg is ever present and it ig therofore lesirable to have
an independent measurement.

The alphatron employed by us consists of a sensitive electrometer
which mensures the ionization current from a weak (<.1}40i) alphe

. - - 2 . . 10
particle source (Howard et al, 1968 Y. Am?4l is used ond unlike Po2 ,

replacement and frequent instrument recalibration., Its output is a
rectangul: v waveform,the repétition rate of which is o measure of the
atmospheric density. This is put on zn =nnlogue telemetry sulicarrier
for deho tronsmission, and upon recephion at the telemetry ground

station is demodulsted and recorded on magnetic tape and on a strip

chart recorder.
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The alphatron contributes negligibly to the telescope background

count rates, The pressure is determined to an accuracy of about O.lmb,

]

in the interval between 1 and 10 mb {(Ilmb = 1,019716 gm. cm?z),

2,9 HOUSEKEEPING MUASURNHELTS

It was deemed desirable to monitor certain parameters of an
engineering nature to check the overall system operation., Examples
are the active telescope guard rates, the upper and lower level
discriminator rates, the PHA busy flip-flop rate, battery voltage
levels and temperatures in vearious parts of the payload.

These quantities were sequentinlly sampled by a 32-position
subcommutator over the housekeeping cvcle of period 128 seconds. The
counting rntes were sampled twice per cycle and the slowly varying
anologne gquantities once only. The rates, when sampled, were scaled
and fed into a 10-bit register in the.8U, while each analogue
guantity was switched by activation of one of 16 reed relays and
digitized by an A-D converter. 'Yhe stability and linearity of the
A-D converter was checked once per cycle by inclusion of three
reference voltages in eight voltages menitored.

Temperatures at “eight places in the payload were monitored by
thermistors. ihe potentinl drop -aeross each resistor was amplified
and switched into the a-D converter when the appropriate sub-
comnutation signal activated one of the eight reed relays assigned to
the thermistors, 'The temperatures of the following were monitored:
the batteries; the active tolescope central crystal, the top and
bottom of the active well crystal, the grzded shield telescope crystal,
the PAA, the telemetry electronics packages (NSU and DTU), and the

alphatron,
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The payload was thermally shielded with sheets of styrofoam insulation
and temperatures rarely varied by more than about 5°C. from the pre—
lapunch tempersture,

2,10 TS PCH TELEMETHY STSTIM

in X~ray astronomy balloon flight lesting for approxims=tely 10
hours will produce a considerable quantity of dota which must be
recorded for future analysis, The digital YCM telemetry (Pulse Code
Modulation) was chosen for the X-ray observatory to gunrontee computer
compatibility and also to permit the incorporation of data validation
codes. The NiZz (pon-return to zero) PCM system used is a digital
system in which the presence or absence of a pulse is used to transmit
information.

2.10.1 The Telemetry Word Formnt

The telemetry formot comprises 10 pulse widths oy bit widths per
word with 20 vords constituting a complete telemetry frame of duration
4 seconds. The frame format is set out in toble 2.1 just as it is
printed following real time decoding . "he first 10 bit word is the
Barker frume-synchronization word which aids in the ground decoding
of the data. Next in turn are the housekeeping word and the twe
mognetometer words, The remcinder of the left hend side (i.e. words
2 to 9) is cccupied by the 16 chonnel PRA , each channel of which
uses 5 bits, or half of the telemeiry word.

Word 2 on the right hand side is the time word or frame counter
which is the output of a 10 bit registver whose accumulnted count
advances by one unit per frame, It recycles every 2048 seconds (~34
minutes sz it doea not characterize each frame unambiguously, but

this is never s practical problenm.
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Table 2,1 Telemetry Word Format

Word Left hand side Right hand side
10 bits, 200mS 10 bits, 200mS

9 Ch.14 Ch.15 STATUS

8 Ch,.12 Ch.13 GRADED SHIELD GUARD

7 Ch,.10 Ch,.11 GRADED SHIELD
CHANNEL 5

6 Ch.8 Ch.9 GRADED SHIELD
CHANNEL 4

5 Ch,6 Ch,7 GRADED SHIELD
CHANNEL 3

4 Ch.4 Che5 GRADED SHIELD
CHANNEL 2

3 Ch,.2 Ch,.3 GRADED SHIELD
CHANNEL 1

2 Ch.0 Ch.1 TIME

1 MAGNETOMETER 1 MAGNETOMETER 2

0 BARKER HOUSEKEEPING
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Words 3 to 8 on the right hand side are 5 graded shield PHA channels
plus the guard count rate, and word 9 is a "status" word which permits
the monitoring of the status of guantities which have a "yes/no"
character and whose state can be indicated by either of 2 levels, O or
+ 5 volts. Calibrotion source positions (i.e. "in" or "out"),
rotation relay positions, etc., are telemetered in this fashion,

The least significant(zo) of the 10 bits is lost upon insertion
of the parity bit, which is either a zerc or a one devending on what
is required to give the word the necessary odd parity, i.e. an odd
number of ones, The reguirement of odd parity for a valid deta word
assists in data analysis by enabling the recognition of errors in the
demcdulated bit stream owing to poor telemetry reception or a decoding
malfunction, An error in one bit changes the word parity from odd to
incorrect even parity which is easily recognised, Such data is omitted
from analysis. Error rates ore normzlly very low snd the case of two
errors in one word giving cdd parity incorrectly may be ignered.

2.10,2 The Data Storage Unit (DSU)

The DSU contains a 10-bit accumulation register for each type of
data to be measured and a 10-bit shift register for each side of the
word format., Sequentially applied "word read" pulses instantoneously
traﬁsfer the date word in each accumulaticn register into the shift
register. The accumuletion registers are also reset by the word read
pulse, This occurs every 4 seconds for any given word and the word
read pulses to consecutive words are separated by an interval of 400
milliseconds, After a word hos been read into the shift register,

applicotion of "bit shift" pulses (50 bits per second) shifts the word
out one bit at e time, thereby generating a bit stream which after

perity insertion becomes the transmitted digital data.
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The data are read from the sceumulators at times which differ by
400 mS, from one word to the next, This means thot the 4-gecond periods
over which the various data words are accumulated are not concurrent,
with the result that the spectrum derived from a single telemetry frame
does not correspond to a single azimuth (unless the payload is constant
in azimuth),

The relationship of the PHi dote acquisition periods to the times
of £zimuth measurement and read—out is shown in fig. 2.10.The mean
azimuth during the data acquisition period of ench channel must be
calculsted for that channel by linear interpolation of the azimuths
read out in consecutive frames, using the known time relationship
between the various operaticns.

2.10.3 The Dpitn Transmissicn Unit (BTU )

The DTU controls the extrsction of dsta form the DSU, inserts
parity, subcommutates the housekeeping data, generates the IRIG
subcarrier signals and mixes them to produce the composite video signal
vhich modulates the transmitter., A crystal-controlled 100Kiz
oscillator supplies timing and gating pulses after scaling and the
use of logic circuitry,

IRIG Subcarrier bands which have been used are band 11 (7,35 Kiz)
for the PCH datae, while bands 6 (1.7 KHx), 9 (3.9 KHz), 12 (10.5 Kiz)
and 14 (22 KI2) have been used for various analogue purposes., Examples
are therslphatron signal, the PHA busy flip-flop (with a view to
pulser observetions) and s magnetometer error signal when azimuth

servo-control was attempted,
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These frequencies are mixed and the resulting video signal
modulates two 1 watt FM transmitters operating between 71 and 73 MHZ
Coaxial sleeve antennas are employed and the power output from éach is
theoretically sufficient 4o obtain uscble signals up toc a distance of
750 Km., which is the maximum line of sight range for a balloon at 40 Km.
altitude.

2.10.4 “he Ground Siotion:

A block schematic of the ground station appears in fig, 2,)2.The
system has two parallel sections to accomodate the two carrier
frequencies transwitted from the payload,

One section is used solely to demodulate and record the digital
signal and print it out after decoding in three-digit octal form plus
parity. Thecomposite vides signsl, the PCHM signel znd o reference
signal comprising voice annotation, a standard time signel broadcast
by the radio station VNG, Victoris,and an 8 KHi synchronization tone
for tape playback, are each recorded on one track of a three chaonnel
Ampex ¥R-300 tape recorder, The magretometer words are extracted by
the decader, the original output levels are recovered and applied to
the X and T inputs o¢f an cscilloscope toc provide a real-time azimuth
indication., The time word and the status bits are also extracted and
displeyed on the control panel to provid cperstor guidance.

In the other sectisn of the ground station, the total video signal
is also recorded on one track of zn ikei [-7 tape recorder to provide
redundency. This signal is also demodulated in real time and the

resulting data are displayed on a multi-channel strip chart.
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The referencs signal mentioned above is recorded using the other
channel of the M-7 and the time signul is put on one of the strip
recorder channels,

This system offers excellent real-time date inspeotion facilities
and achieves the proper recording of all data for subsequent analysis,
thereby providing a suitable degree of redundancy for safeguard
purposes,

Upon return to the laboratory, the telemetry tapes are replayed
and the recorded PCM s8ignal is fed into the Data Acquisition System
in order to generate s Fortran-compatible magnetic tape of the entire
flight. This tape can be used on the CDC 6400 computer at the
University of Adelaide to analyse data by employing special purpose

data analysis programmes,
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CHAPTER 3

LABORATORY X~RAY ASTRONOMY

3,1 INTERACTIONS OF X~RAYS WITH MATTER

The detection and study of X-ray spectra requires that the photons
interact in some way with the detection apparatus. In the energy
range of interest here, 10 to 200 KeV the most important interactions
are photoabsorption and the Compton effect. Pair production becomes
important only above 1,02 MeV and will not be censidered here.

3.1.1 Photoelectric absorption

This occurs when an incident nhoton of energy E is totally
absorbed by an atom and is eccompanied by the ejection of & photo-
electron usually from the K. or L shell, with an energy T = E—EB where
EB is the electron binding energy. W¥hen the vacant shell is later
filled, fluorescent X-rays and Auger electrons are emitted with energy
EB and usually reabsorbed yielding further photoelectrons, so that in
general there is complete deposition of the incident photon energy by
jonization loss of electrons. In practice some fluorescent radiation
does escape the detector volume, resulting in incomplete energy
deposition and requiring an escape-correction to be made in any
spectral analysis (see section 3.2.3).

The probability that e photon of energy E will penetrate a
thickness x gm. cm'.'2 of matter of atomic number Z without suffering
photoabsorption is given by

pP(E) = exp [-ﬂP(E) x] 3.1

2 -
where‘}E(E) is the mass absorption coefficient (cm. gm.l), which

increased roughly as 24 E_3 at energies greater than the K absorption
edge.
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Between 10 and 100 KeV its exact energy dependence is complex owing to
the presence of ¥ and L shell sbsorption edges at which f¥(E) increases
sharply. Detniled mensurements and tables are available however
(Vietoreen, 1943).

3.1.2 "he Commton Lffect

This involves the elastic collision of the incident photon

T . 1-12 O . _‘_\' ,.‘2 N e o

(B = bw :a(mob ) with an atomic electron of rest mass m C which
although strictly bound, may be regarded as free if its binding energy

EB < B, 1If the photon is scattered through an angle e , its energy
1
= B . The energy of
1 +ex{(l ~ cos©)
the recoil Coempton electron is given by Tc = E - fi', which has o

-

N

[

after scattering is given by

maximum volue {the Compton "edage") of T = 2o< B , corresponding to
o B 1+ 2
& head-on collision with @ = 180",

An important difference between the Compton and photoelectric
intersctions is that the photon encrgy is not cgmplgii}yubsorbed in a
single Compton interaction. 4As a result the total Compiton attenuation
co—ef*icient;ac(E) has two terms, n scattering co-efficient for removal
of photons from the beam and the absorption co~afficient to account for
the tronsfer of energy from photon to recoil electron. At constont

. ) . . +
photon energy thess co~efficients go us Z/4, which is 0.,45-0,05 for all
elements except hydrogen, so thut they are nearly independent of the
absorber moterial,

Since full energy deposition (per photon) in a Qetector is
desirable for an uncmbiguous spectral determination, it is important
that photosbscrption should dominate over the Compton affect, and this

requires that a detector of high Z materinl should be used.
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Figure 3.1 shows the individual co~efficients and the total mass

absorption co-efficient /A(E) for NaI(Tl) scintillator material in

vhich Todine {( 2 = 53) is primarily responsible for absorption. Note
- i Ko B d ) 5

that for & £ 100 K&V , fu( ) v /JP(E) and that ’UC(E) only become

significant at higher energies.

3.2 RESPONSE OF Mel(T1) TO INCIDENT X-HAYS

The basic interactions of X-rays with NaI(T1l) have been described
and nov attention is turned to the manner in which these interactions
are detected znd converted into voltage pulses for the purpose of
electronic processing, Particular attention is given to the factors
involved in the transformation of the original differentisl X-ray
pheton spectrum N(E)d& photons cm-:2 sec':1 in the energy interval
(&, B + a), into the differentizl pulse height distribution »(H)aH
observed from the photomultiplier (P¥) tubes which view the scintillato:.
An understonding of these factors is essential to the correct
interpretntion of observed pulse height spectra as will be de5criﬁéd

in section 3.3.

3.2.1 Transperency of the Crysinl 4o X-roys

The energy dependence of }KE) in NaI(T1l) is given in fig. 3.1 and
shows thot for a 2 mm, thick (0.74 gn. cm:z) crystal, the probability
of absorption is 2 99% for E £ 60 KeV but has decreased to ~ 60% at
100 KeV. Thus if the differential photon spectrum incident normally
at the crystal surface is NI(E)dE, the energy distribution of
absorption events is given by N (E) {1 - exp (- m(E) x } dE, where
x.gm. ch?z, is the crvstal thickness. This is usually taken to be the
energy distribution of detected events also, and this is what will be

essumed in this thesis.
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However, it must be recognized that this is only an epproximation

to the truth., Patla and Kiss (1965) have shown that measured and
theoretical values of detection efficiency do not always agree
as a result of the apparent failure of some ebsorption events
to produce detectable s¢intillations. Further the crystal will
deviate from its nominal thickness, further affecting the energy
dependence of the efficiency. In view of both these affects, it is
recognized that an actual measurement of the detection efficiency,
i.e. the fraction of absorbed photons which give detectable PM tube

pulses is desirable where possible,

3.2+2, The Scintillation Process in NaI(T1).

This subject has been thoroughly treated by Mott and Sutton
(1958) Birks (1964) Price (1964) and Aitken (1968(a)) and only a
superficial review is attempted here.

The energy of an absorbed photon is converted into visible
light by first exciting electrons from the NaI(T1l) valence band
into its conduction band. Part of this excitation energy is then
transferred to the Tl* ludinescence centres which emit visible photons
upon deexcitation. Approximately 30 photons per KeV of incident
energy are emitted in a wavelength band cenired on 0.42 microms,
and the light pulse has a decay time constant of about 250 nanoseconds.
There is a temperature variation of +0,3% per °C. in light output
but this effect is minimized by ensuring the effective thermal
insulation of the telescope during flight. Table 3.1. lists some
properties of NaI(T1l) in comparison with the two other inorganic

scintillators employed upon the fdelaide payload.
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Table 3.1 Scintillator properties, 20 g hv g 200 KeV
Property NaX(T1) { CsI(T1) CsI(Na)
Light o/p (L) relative to NaI(T1) 1.0 0.30 0.80
Temperature co-eff al (T2100°C.) +0.3 +0.6 +0.5
arT
Decay time constant (nS 250 800 650
Density gm. cm?3 3.67 4,51 4,51
Max. emission wavelenght (micron) 0.42 0.55 0.42

The linearity of light output with X-ray energy is good but there existvs
8 smooth deviation of ~5% in the proportionality - constant over the
range 20 to 100 KeV and there is a sudden change also of about 5% near
the iodine K edge (Aitken et al. 1967), Variationg of this small
magnitude are not significant at the present stote of development of
X-ray astronomy and no attempt at correction has heen made in the
present data analysis, To the author's hnovledge ne other workers in
the field have included any such corrections., However, as techniques
improve and observations of higher statistical precision are obtained
it will become necessary to fold the non-linearity effect into NaI(T1)
telescope spectral response functions, since corrections for the escape
of iodine K X-ray photons are only slightly larger and are currently
applied by most workers,

3.2.3 K-oscape

Not all photoelectric interactions of photons in NaI(T1) result
in complete energy deposition since in s small fraction of these the
fluorescent X-ray photons produced by de~excitation of the 1127 atoms

escape from the crystal without re-absorption.
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Between 10 and 200 KeV Kshell absorption predominates in the primary
interaction. Bach daughter photon takes away a mean energy of 29.2 KeV,
a value obtained by weéighting the Kacand KP line energies with their
jntensities. Hence each photon that results in a K-escape photon only
deposits (BE-29,2) KeV in the scintillator (provided that the incident
photon energy exceeds the K-electron binding energy of 32.3 KeV.)

For & collimated photon beam normally incident on a crystal of
thickness t gm, cm:2 whose front surface has linear dimensions large
compared with the mean free path of the K x-rays, Mott and Sutton

(1958) show that the probability per incident detected photon of

escape from the front surface is given by

1 D i * - .
p(E) =, S pm [ [ en [[o® + T )x]aintonx

where wknis the iodine K fluorescence yielda‘fk is the fraction of
photoelectric events occurring in the K shell, }A(E)and‘t(ﬂj are the
photoelectric and total mass attenuation co-efficients respectively,
Ty i® 7(29.2 Kev,), © is the angle between the normal to the surface
and the ¥ X-ray escape direction and x gnm, cm'.'2 ig the depth of
penetration of the incident photon in the crystal, DSecause TTk is
large for NaI(Tl), escape from crystals thicker than 2 mm, is small and

t moy be regarded as being infinitely large. Equation 3.2 thenbecomes

p(E)= 3 v & ME) - Tx . 1n (1 +E)) 3.3
K K z(E) T(E) R,

A useful experimental parameter is the ratio P(E) of the number
of counts in the escape peak (with energy (E - 29.2) KeV,) to the
number in the full absorption photopeak for mono-energetic (E)

radiation. This is given by P(E) = _p(E) . The results of detailed
1-p(E)
calculations of P(E) have been published by Axel (1954) and their

significance to balloon X-ray astronomy emphasized by Stein and Lewin
(1¢67).
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The value of P(E) ror a 2mm. thick erystal of NaI(T1) is ~-12,5% for
E 2 60 XeV,, increases to ~27.5% ot B = 32,2 ¥XeV and is zero for B

< 32,2 KeV, These probabilities are used in what follows to rmake
allowance for K—escape in this unfolding of source spectra from measured
pulse height distributions.

3.2.4 Spectral resclution

As & result of statistical fluctuntions in the processes invelved
in the conversion of Z-ray energy into = voltasge pulse from the Pi
tubes, monoenergetic X-radiation undergoing phetoabsorption produces
s photopeak with an approximately normal distribution of output pulse
heights rather then the delta function distribution applicable to a
detection system with perfect energy resolution, »nergy resolution is
experinentally best characterized by either AR{KeV) the full width of
the distribution at half the maximum intensity (FWHM } or the relative
PWHM given by 11‘E) = QE , vhose energy dependence is described below,
The standard deviation CV?E) of the nermsl distributicn is relsted to
AOFE and r‘((E) through AE = 2,3540° and O0(E) = _E__ YL(E), respectively

2.354
(Evans 1963),

The width YL(E) has three components, iy, M p and T, vhich are
related through ?f ==q§ +\1§ +71§ (Birks 1964}, Yhe partisl width
X\I is attributable tc intrinsic properties of the scintillator such
as stotistical fluctusticns in the number of photons produced per
scintillation, spatial non-—uniformities in the crysizl luminescerce
efficiency, ths stotistics of multiple absorption events, both

photoclectric ar?d Compton, which contribute to the photopesnk and the

effects of the ron-linesr energy response of the crystal,
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The width YIP is determined by varistions in light collection
efficiéncy over the crystal surface, by stotistical fluctuations in
the passage of scintillation photons to the PM tube photocathode and
the subsequent emission of photoelectrons. For example, the system
optical geometryis different for each individual scintillation, for a
large crystal especially  and so the photon collection efficiency of
the photocathede will alsc be different, even for an otherwise perfect
phosptor, Also, self-absorption, reflection losses, light trapping by
total internal reflections at the crystal boundaries, and inefficient
light piping will cause variations in the fraction of photons collected.
The photocathode adds to the variance of the pulse height digtribution
through the usual statistical fluctuations in the number of emitted
photoelectrons, through surface non-uniformities ani rondom thermal
emission,

The statistics of electron multiplication through the P tube
dynode chain is responsible forwzm, together with variations in dynode
responses and collection efficiencies.

The width v usuaslly contributes little to a} in compariscn with

‘T

Y]F and R and little is known about its energy dependence., The
energy dependence of Y‘m goes approximately as E_% while ylp is energy
independent, However, the exact nature of the variation of these
quantities with energy and their relative sizes have been sheown to be
dependent on the configuration of the detector employed (Birks 1964).
Experimental calibration of the detector is therefore necessary and the
calibration of Y@E for each flight of the active telescope is shown

in fig. 3.2. lLinear fits toW\ﬁE) a8 a function of B were found to be

good approxim-tions for the purposes of data analysis,
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No attempt was made to fit the data with funetions of the form

W\? = A + BE_l (4,B constants) such as may be theoretically expected,
since it was not warranted under the circumstances, but examination of
fig. 3.2 indicates that comparable relative contributions from wlm and
»Ip are present,

3.2.5 Summary

The effects described above all determine the final form of the
cutput pulse-height distribution F(H)a® which results when a photon
spectrum NYE)dE is normally incident on the surface of a NaI(T1)
erystal. The number of output pulses in the height interval i to H+dH
(KeV) will be given by

p(E)

(2m)? O(E-29.2)

2
exp (= EH=29-2)% 3 L | (@) oxp (-(E—H)Z)JG_E an 3.4,
2 (4 7 2
20 (8-29.2)  (2m)*(E) 20% (E)

where /uc(E) is the mass absorption co-efficient (cm? ngl) of the

F(H)aH =fN' (E) { 1 - exp (—/JC(E).Cz} _

NaI(T1l) crystal of thickness C gm, cm?% p(E) is the K X~ray escape
probability and the terms in square bracitets describe the normal
energy resolution of the escape and total absorption events respectively,

3,3 ANALYSIS OF COSMIC X-RAY SPHCTRA

Fguation 3.4 above describes the transformetion into a pulse
1
height distribution of & photon spectrum N (RYAE incident at the crystal

surface, However, in Z-ray astronomy applications, the spectrum N'(E)dE

is itself derived from a primary spectrum N(E)dE which has
interacted with the residual atmosphere above the bnllcon, with the
payload thermal insulation lying in the telescope field of view and
with the window materials protecting both the active collimator

crystal and the main NaI(T1) crystal.
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At photon energies wnccessible to ballcon experiments, interstellar
absorption effects should be negligible and will not be considered in
this anslysis. Another point to consider before equation 3.4 can be
applied to real date is that integration with respect to H must be
performed over the finite FHA channel widths which are typically
10 KeV in size .,

These matters nre now discussed with respect to the unfolding of
any cosmic X~-raoy source spectrum N(E)dE from observed jth channel

Hi+1

count rates Rj :.f P{H)dx (cm72 seg}), j=0,...,15 wherethe Hj

Hj

nre the pulse height chennel boundaries.

3,3,1 Atmospheric and payload absorptiocn

If the depth of residual atmosphere cbove the payload is a gm, cmtf
= is the telescope zenith angle, Ma(), Mi(E) and J%(E) are the mass
attenuation co-efficients of air, the payload insuleting material and
the telescope window meterial respectively, and i, w are the respective
thicknesses, then the differential spectrum normally incident at the
NoJ(T1) crystal surface is

—ea

: .
H(E)ak = N{F) exp [— }Ja(E) a secZ + ,b;.L(E) i +)UW(E) LA 3.5

3.3.2 The final response function

A1l factors affecting the measured response F(H)al of an X-ray
telescope to an sxially incident primary cosmic X-ray spectrum have now
been cnumersted, Dead time effects on the central crystal counting
rate due to pulse resolving times and random accidentel anticoincidences
are less than 4% and therefore need not be considered, The complete
response function F(H)dH can now be written by combining equaticns

3.4 and 3.5 thus:
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00
F(11)ad =; N(E) exp [- (/u&(E) co: . +/Ai(E) i +/.AV(E)w)][1-exp(—/-xc(E)c}
[ _(E) oxp(=(E-H-29.2)] 1=p(E) ~.epr—gE—H)2’]dEdH 3.6
(2 ™M 20 (E-29.2) ‘207 (B-29.2) " (277) &(E) ¢ (B).2

The counting rate (sec?l) in the jth channel with pulse height bounds
Hj, Hj+l (KeV,) is then given by

Rj = 4. HJ“‘“lf F(H)aH 3.7
Hj

where A(cm?) is the effective area of crystal exposed by the collimator.
It should be noted that equations 3.4 to 3.7 have been derived for a
spectrum from a point source on the telescope axis. The response for
an off-axis scurce is modulated by the collimator angular response
function as described in section 3.4.2.

When an isotropic flux is being measured, the above discussion
remains valid with F(H)dH and N(E)dE in cm?2 sec:1 sterjl and with

aire 4L
equation 3.7 replaced by Rj = G.Jr F(H)dH 3.8, where
G (cm% ster) is the telescope geomeziic factor which we take to be
energy independent and is defined in section 3.4,2.

Consideration of equations 3.6, 3.7, and 3.8 shows that it is
impracticable to analytically unfold the primar& spectrum N(E)dE from
the channel rates Rj, A method due to Gorenstein et al. (1968) and
used by a number of workers, is to take trial spectra N(E)dE
numerically through the integral transformation process and to make a
least squares (X?) comparison between the computed (Rg) and experimental
(R]) channel rates. The quantity'x? - (R§ - Rﬁ!z , where V(RS) is

e
the statistical variance of Rg, is computeg(gaz different trial spectra.
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The true primary spectrum is taken to be that which best fits the data,
for which )2 ig a minimum, This method is of course only valid as
long as the statistical uncerteinty exceeds systematic uncertainties
due to calibration =znd background subtraction errors.

3.3.3. Spectral Corrgction Fayctors

We define the jth channel correction factor Fj as
Hj+1
Fj = j‘L(

S B\aF
JHj N(EVAE

R
This is the ratio of the count rate which would be observed by a perfect
detector (i.e. no vwindow absorption, 100% photon detection efficiency,
no K-escape, energy resolution 1{%0) at the top of the atmosphere, to
that observed by our detector. It is found that Fj is a function of
the spectral shape of N(E)dE as a result of the necessity to integrate
energy-devendent corrections over the relatively broad energy channel

widths (~10 KeV), Table 3,2 gives Fj volues applicable to the flight

MIL-1-68 (with @ = 3.2 gm.cm?z) for exponential spectra
-1 cos E-E
N(E)aE = NAE exp (EF) with different values of kT, and power law
-(h+ 1)

spectra N(E)dE = NoE dE, with different values of A(see sectionle.
1.4 for the physical justification of these speqtral forms). These
tabular values have been used in chapters 5 and 8 to deduce the form

of X-ray spectra above the etmosphere for discrete sources and the

isotropic background, respectively.

3.4 TELESCOPE CALIBRATION

Thorough preflight testing is essential to ensure correct
operation of the detector and its anticoincidence system and to precisely

determine the calibration characteristics necessary for the analysis



65

Table 3,2 Total correction foctors Fj, MIL-1-68

Chonnel Expohential, kT(KeV) Power law, number
exponent (A+1) i
k
. Bounds 5 10 15 20 1.5 2.0 2.5 3.0
A |
: (KeV)

0 17- 17 | 1003 | 266.9 [151.0 |110.3 |65.97 {117.0 |205.3 |356.5
1 |17-27 [33.98 | 20.68] 16,42% 14.34{10.42 |12,63 (15,06 [17.68
2 |27-37 | 3.96| 4.85] 4.80% 4.68| 4.08 | 4.29 | 4,45 | 4,53
3 |37-47 [ 1.15] 2.36 2.69; 2.79] 2.71 | 2.73 | 2.71 | 2.64
4 47-57 | 0.59 . 1, 68] 2.06ll 2,201 2,26 2,26 2,22 | 2.16
5 {57-67 |{0.39| 1.37{ 1.77{ 1.93| 2.10 | 2,08 | 2,04 | 1,98
6 |67-717 | o0.27| 1.19] 1.63} 1.83| 2,10 | 2.07 | 2.03 | 1.97
7 t77-87 |o.20| 1.11| 1.60{ 1.85| 2.22 | 2.19 | 2.14 | 2.08
8 |87-97 |0.16 | 1.07| 1.657 1.94|2.45 | 2.41 | 2.35 | 2.28

- 9-15 [ 97-167 | 0,12 1.08] 1.841 2.32| 3.81 | 3.67 | 3.51 | 3.35

of data. The most important calibration measurement is that of the
detector eneryy response which involves (a) determining the near linear
relation between output pulse height and photon cenergy, and
(b) the energy resolution"ﬂﬂE) of the detector. Also of great
importance is the experimental determinetion of the collimator response

function,
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34441 Background rejection.

Background rejection is achieved by active anticoincidence
methods. Scintillators are employed to shield the central crystal
from directly incident background radiation and in particular to
minimize the secondary background which results from Compton scattering
in the central crystal and guard scintillators themselves (see sections
2.3.2, 2.4 and 2,5).

Compton scattering in the central crystal will result in
a considerable number of phottns being scattered into the collimator.
The collimator discriminator thweshold should therefore be set at a
sufficiently low value to recognise these events and inhibit their
analysis by the 16 channel P,H.h. However, sincc we include an
jodine ¥ escape correction in our spectral analysis, no detection of
K-eseape photons (29.2 KeV) from the central crystal nced be recorded.
Consequently the coilimator threshold was set at 40 KeV.

The background resulting from Compton scattering of photons
from the collimator or well into the central detector is also minimized
using the anticoincidence tcchnique, Figure 3.1 shows that in Nal
(T1) the Compton effect is the dominant interaction for incident
photon energies exceeding about 250 KeV, However, owing to multiple
interactions which end in full photoabsorption, little contribution
to the central detector rate from Compton collisions in the Nal (T1)
well is expected until incident photon energies of about 400 KeV are
reached (at which the well thickness corresponds fo unit attenuation
length), Since recocil electrons corresponding to 400 KeV photons have
e maximum energy of 240 KeV, the well threshold setting at 80 KeV

ensured the detection of most of the Compton interactions in the well.
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The bacikground production from Compton interactions

involving the plastic light pipe is minimized using the phoswich
pulse shepe discrimination technique (see section 2.4). Two factors
must be considered when setting the phoswich discrimination threshold.
Firstly, it should be sufficiently low to achieve its purpose of
"picking-off" the negative backswing of the plastic pulses and so
reducing the lcw energy Compton continuum. Secondly, it should also
be sufficiently high to prevent the smell negative backswing of
genuine NaI(Tl) events of energy < 180 KeV from contributing to the
discriminator rate. Feilure to meet this second condition will
result in & high energy cut—off to the observed central detector
spectral response.

In preflight tests, pulses from the 0.66 MeV line of Cs137
were used to adjust the threshold level. Verification that the back-
swing of these pulses was insufficient to trigger the discriminator
ensured thet valid NeI(T1) events between about 10 snd 180 KeV
certainly would not. The Compton continuum generated by scattering of
the 0,66 MoV photons in the light pipe and central crystal, was
employed to ensure thot the threshold was not too high, Figure 3.3
shows the effect of corr:ict phoswich operation on a spectrum accumulated
from the central detector using a 400 channel analyser. Two sources,
T ( to generste Compiton backpround) end Am241 (to provide a photo-
pesk at ~ 60 KeV) were placed together in the telescope field of view.
With no phoswich discriminstion the Am241 photopeak cennot be resolved.
However use of the phoswich system results in reduction of the Compton

conbinuum from encrsies below 10 KeV upward and enables the photo-

pealzs to be resolved.
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technique. The 60 KeV ling 0F Am’."" can only be resolved
from the continuum genelﬁjzed by Compton interactions of
the 0.66 MeV line of Cs’ when the phoswich is operating.
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Laboratory measurements of the effects of various background
reduction technigques are shown in fig. 3.4. The curves (1) apply to
the unshiclded flight crystal of 2mm. thickness and to a crystal
of similar area but 25.4 mm. thick, The high energy discrepancy
between the two curves is the result of the greater transparency
with photon energy of the thin crystal. The curves (2) were obtained
with each crystal passively shielded by the CsI(Na) collimator and the
NaI(Tl) well, In addition to the expected background reduction in
comparison with the unshielded crystals, there is also a low energy
fluorescence pesk as a result of iodine K-escape from the shield.
Further background reduction is achieved (curves (3)) by using the
guards actively, and the fluorescence peak is also removed. Another
factor of 2 reduction for the thin erystal is obtained when the phoswich
system is employed.

The net result of using active anticoincidence techniques
is to achieve a background reduction in the laboratory of between 1
and 2 orders of magnitude compared with an unshielded crystal. Also
a decrease of greater than an order of megnitude is obtained over the
background rate of the groded shield detector, as is shown in fig, 3.4.

3eds2, Enerpy calibration.

The enerpgy response of the detector was measured by recording
pulse height spectra of a number of monoenergetic X—emitting radio-
ective nuclides placed on the telescope axis. These were located at
distances as large as were allowed (210 ft.) by the respective source
strengths, in order to minimize the effects of surface non-uniformities
in the crystal response, Radioactive sources used for the purposes

of calibration are listed in table 3.3. (details from Holt (1967)).
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Figs 3.4 Comparison of laboratory background rates for
crystals 2.0mm and 25.4mm. thick. Curves (1)
apply to completely unshielded crystals, (2)
passive shielding and (3) active shielding. In
addition the effect of using the phoswich is
shown, Comparison with the graded shield telescope
background is also made.
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Teble 3.3, Calibration X-ray sources.

Source Half-life Decoy mode Principal energies (KeV)
e "

0o ! 2672 E.C 121.9

s 119 250 1.C 24, 25,3

133

B 7.2y E.C. 31, &1

RECS g 32, 662

gal?3 2364 E.C 41,100

' 1924 E.C 65.1, 66.8, T5.7

a®* 460y o 5946

The calibrated energy response for all flights as measured
by the laboratcry 400-ckannel analyser was to a good epproximation
linear. The 400-channel calibration spectra were compared with
the same spectra obtained through the 16-channel flight P.H.A.
end in this way the channel boundaries of the latter were
determined, Channel boundary uncertainties varied typically from
about ¥ 1.0 KeV for the lowest energy channels to about + 2.5
KeV at higher energies,

The detector energy resolution TI(E) was determined at this
time also, The results are shown in figure 3.2 and discussed in
section 3.2.4,

3,43 The hctive Collimator Anpular Responses

Aitken (1568b) Las calculated the transmission function T(¢)
for an active collimator counsisting of a number of cylindrical
holes axially parallel, drilled in material with a mass absorption

coefficient which ap roaches infinity at all energies.
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The result in this idealized, energy-independent case is:-

T(@) = cos ¢{1 _2 M)ﬁ _(Emﬁ Q)z 2 gresin (Mg )}.3.9

f S e 144
2 ﬁang. ? tan2 ZtanE

where @ is the angle between the photon direction of arrival
and the axial direction of the telescope, and % is the collimator

opening half-width, For % $;100, ecuation 3.9 is well approximated

b 2
d T(¢)~1——2- Q.\/1-£ -

2 )
- l-.oo
mee 02 = arcsin (O) 3.1
The theoretical response calculated from equation 3.10 for
t
the active collimator (% = 4° 32 ) is shown in figure 3.5, along

with the measured response and its triangular approximation;

T(g) = 1 -g U W P I

0
The experimentnl points were obiained by measuring the inte ted
count rate due to two racdiation sources (Am241 and Sn119) located
60,5 ft. in front of the telescope. The points thus represent
an energy-averaged (over the approximate interval 15 to 75 KeV)
angular response and no attempt has been made to determine the
exact energy Zependence. Clearly the triangular function with
¢o = 8.9O is a better fit to the data than the idealized function
T(#), vresumably due to

(a) dimperfect geomctry of the drilled cylindrical holes,

(b) scattering off the collimator walls and,

(c) energy dependence of the collimator transparency.
This experimentally determined transmission function has been

used to obtain the results subsequently reported in this thesis,
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?
Note that the off-axis angle ¢ wnd hence T (#) ean be calculated
for azimuth sweeps across a smcurce of known position (azimuth Az,
s
zenith zs) using

cos @ = sin 2 sin z, €Os (Azt—Azs) + cos zg cos z where

.t’

v

Az, and z, are the telescope azimuth and zenith angles.

3.4.4. Telescope geometric factors

The collimator angular response function T(P) finds direct
use in the enalysis of point source data as o function of telescope
azimuth. 4dnalysis of isotropic source data does not involve its
direct use, Instecd the telescope geometric factor G(cm2 ster,) is
the important aperture characteristic and is given in the energy
independent 1limit by G=21r4 :;n B.7 {P)e d Beverennnnadldal2
where 4 is the exnose arenoof the NaI(TI) erystal and ¢co is the
cut-off ungle (=8.9°) for which T (#) = 0. Substitution of
equation 3,10 into 3,72 followed by integration gives G={-Y-Z where

2
2= & ¢co

2 ¢ [s) 2— 1 -
e %{- Zco(g2_¢:°);1 'Pg l.¢co(927¢§o)§+02 arcsin (g_co)]}

)%}

]
Using T (#) (equation 3,11) with = 8.9° gives G = 1.36

~40%f / ¢no =1} arcsin ¢c ¢CO . -
240{\2;2' 1) {67\+'é' S

g%

with the result, G = 1,07 cmzster.

2 v .
cm ster, Thus a relatively small change in the form used for the
point source {ronsmission function ™(@), results in o variation
of almost 30% in the value caleulated for the geonetric factor

for an isotropic Plux,
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This emphasizes the necessity for an accurate experimental
determination of the coilimator response function. Work on diffuse
fluxes reported in this thesis has employed the geometric factor

value, G = 1,36 cm2 sterade

3,5 PREFLIGHT ENVIRONMENTAL TESTING.

A number of important laboratory tests were carried out
on the payload to ensure its correct operation in the hostile
environment at balloon altitudes. The most important of these
was vacuum testing since this payload is not contained in a
pressurized gondola, High voltage discharges in the photo-
multiplier electronics normally appear in their mildest form as
an snomalous incrcase in telescope counting rate and at worst
will have & massive loading effect on the high tension supplies

thus rendering the F.li. tubes inoperative.

The test was carried out by placing the telescopes and all

systems connected with high voltage supplies inside the large
vacuum chamber maintained by the Adelaide Space Physics Group.

All PV tube output pulse shepes and rates were monitored by visual
inspection on oscilloscope displays and by employment of a
digital pulse counter. 4 continuous fault-free run of 12 hours'!
duration (to allow for any deep-seated outgessing effects) is
required before the test is considered to have been successfully

passed.
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Angther importent test is to ensure that there is negligdible
interfereonce to the payload electronics from radiofrequency (RF)
fields radiated by the data telemetry transmitters and alsc
by the Depsriment of Supply command system. This test is difficult
{0 control properly since the flight confipuration of the anteinnas
and the payload in free space can be only approximately duplicated
on the ground, This payvload has proven very prone to AF effects,
especially in the veory fast, high gain phoswich circuitry
possibly owing to the unfortunate fact that the vaylozd long
dimension is almos?t exactly egual to onc quarter of the telemetry
carrier wavelencth. The offects are eliminated by tedious trial-
and-error procedures of re-routing antenna feeder cables and
generally changing the payload-feeder—-antenna goometric configur-—
ation, Care taken te ensure the spucing of feeders at least two
inches from the sluminiuwm structursl members has always been found
worthwhile,

In conclusion, the hechaviour of the payload electronics to
temperature chenges was Gevermined, althouch this is not as
critical ss the above tests duc to the efficiency of the payload
thermal insulation which has been found to keep temPeratures
stablc to within about SOC. The electronies packages, the
magnetometers and telemetry transmitters have all undergone
temperature tests however, and the correct operation of these

. o iy )
units hes bveen verified within the range + 30°C,
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CHAPTER 4

THE MAGNETOMETERS

Since the direction of pointing of the X-ray telescopes is an
essential experimental perameter, magnetometers have been used
to determine telescope azimuth anglesin those experiments
which employed non-vertically-looking telescopes. The instruments
and the besic theory of their use for azimuth measurement have
been described in section 2.7. However, since no sun-semnsor or
other auxiliary azimuth-measuring instrument was employed to
confirm the magnetometer measurements, it was considered necessary
to investigate the reliability of the magnetometers and assess
their accuracy under flight conditions. In addition, the adequacy
of the ambient magnetic field at balloon altitudes in providihg

a stable azimuth reference frame was investigated.

The results of these studies are presented in this chapter,
together with details of instrument calibration and in-flight
performance. The performance of a rotating reference magnetometer,
intended for use in an azimuth servo-controlled system, is also
examined,

4.1 THE GEOMAGNETIC FIELD,

Varistions in geomagnetic field properties during a flight
which traverses 200 to 300 miles are significant and produce
changes in the properties of the preflight calibration sinusoids
(sce equation 2.1)e In particular the quantities D and H changee.

The former of these ig direcctly relevent to the measurement of
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azimuth ¢ end allowance must be made for its variation over &

balloon flight path, The latter exerts no influence on the azimuth
measurement (sec equation 2.2) for precisely horizontal magnetometers.
However, it is in principle possible to measure the horizontal
intensity from a calculated value of<# and use it as a check on

the valid operation of the megnetometers. It is then of interest

tc examine the predicted behaviour of H as it varies over a balloon

£light path,

4,101 The gpeomagnetic elements.

In dealing with the geomegnetic field, the symbols and sign
convemtions usual to the discipline of geomagnetism will be useds
The diagram (right) illusirates how the gemerally
recognised elements are defined. F is the total

field vector, H is its horizontal intensity

and Z its vertical (downward) component.

H can be resclved into orthogonal components
X and ¥ in the directions of true north end east, respectively,

The declination or deviation D is the angle measured eastward
between truec end magnetic north, while the inclination or dip

I is the angle by whichffdips below the horizon.

In this work, Gaussian units are employed in which the
permeability (/@) of free space is defined to be unity, with the
result that in regions where the susceptibility DCm= o, the magnetic
field intensity is numerically equal to the magnetic induction,

and will be quoted in units of gauss or gamma (1{210—5 gauss).
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4o1.24 Variation of smoothed field near Mildura,.

Hurwitz et al. (1966) have published a spherical harmonic
model using internsl and external coefficients to degree and order
12 which describes the smcothed surface field for epoch 1965.0.
This model was used to compute variations in F,H D and I in the
vicinity of Mildura, es functions of gecgraphic latitude, longitude
and altitude., Mo secular variation corrections were applied
since changes rather than exact absolute values of parameters
were important.

Results of these computations for u vertical ascent to 140 K ft,
abhove Mildura (latitude - 34;230, longitude 142.05 ) are shown
in table 4.1.

Teble 4.1t Geomagnetic elements es functions of altitude ebove

Mildura:

Altitudel D " i F . H
(K £t.) | (Gegrees)|(degrees) } (%) (%)
=0 8.52  |~65.52 |; 59723 | 24744

40 8.52 ~65.52 I 59356 24593

3G 8.51 -65.52 | 58991 24443
120 8,56 -65.52 | 58629 24295
14G 8.49 i-65.52 i 58450 24221

i |

A check on these computations for 1965,0 is provided by
measuraments at Mildura of the Geophysical Branch, Australian
Bureau of Mineral Resources (B.M.R) which are listed in table 4.2,
together with computed values for zero K ft, altitude and measured

values of the secular variations.
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Table 4.2: B.M,R. measurements at Mildurg.

| : | _
’D(degreesf I(degrees)! H(Y) }

Computed values (1965.0) | 8.52 %-65.52 | 24744
B.}i.J., measurements (1965.0)i 8.4 |65 .6 I24480
8.0 measured sccular ” % P l
voristions (1965,.0) +3.5 B 1~0.7 I =25

Table 4.1 reveals a negligible altitude gredient in D and 1
but an B gradient of ~minus 4 per 1,000 ft. upward, or~ ~500Y¢
per 140 K £t. This is about 4 times nhe minimum detecdable field
change for the instruments employed and will produce & change of
about 4 counts in the amplitudes of the magnetometer simusoidse

Table 4¢3 shows the longitude variation at an altitude of
130 K £t. and o latitude of ~34.2°, which amounts to~0,35
per longitude degree, or per 6C miles eastwerd,for D. This is
a significent variation with regard to the measurement of azimuth
and must be compensated for over the balloon flight path.

Table 4,3: Geomagnotic clements vs. longitude.

Longitude | D I o1 i F H
Eﬁfgfees) (degrees)i (degrees)i ﬁi{ (%)
140.0 | 7.75 | 6571 58709 4151
141,2 8.18 ! ~65 .57 58596 24234
142.4 8.61 | -65.43 58476 24315
143,6 9.03 { -65.29 58349 ! 24394

The longitude gradient in H is about 11y per mile eastward

or 250 Y per 220 miles which for a typical flight ig a smaller
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total change than thet due to altitude alone.

The latitude variation is greater, about 600Xper degree north-
ward, but since the prevailing winds are usually oeasterlies or
westerlies, this is rarely of any concern.

4,1,3 Geomagnetic Anomalies.

The mathematical field model of Hurwitz et al (1966) describes

only the smcothed surface field. However, localized geomagnetic
anomalies due to irregularities in geological structure are also
superimposed on this smoothed field and it is desirable to
investigate their possible effects at balloon altitudes.

A freguently enccuntered anomely appears on aeromagnetic survey
meps to have almost radially symmetric intensity contours.
Such a form mey be ascribed most simply to & nearly spherical
magnetic body buried a short distance below the earth's surface.
Jokosky (1950, pege 205) gives a theorctical treatment of the
mognetic effcct expected for such a hody. Applying these
calculations to the maximum observed horizontal intensity anomaly
cf‘V1,OOOZ (at 500 ft. altitude, within 250 miles of Mildurs)
shows that the resulting perturbation A H on the smoothed horizontal
intensity is many orders cf megnitude below the threshold
sensitivity of the magnetometers employed.

The most oubtsbanding feature on aeromagnetic maps of the
arec resembles a magnetic shect anomaly extending some 100 miles
in the north-scuth dircetion and about 50 miles east-west. This
anomaly is coincident with the Mt. Lofty Ranges, about 200 miles

west of Mildura. The maximum H anomaly at 500 £, altitude within
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this sheet is of the order of 1,000 . Boyd (1970) estimates that

at balloon floet altitudes, any effect attributable to this

anomaly is an order of magnitude below the instrumental sensitivity.
It is therefore concluded that geomagnetic locel anomalies

have no significant ¢ffect upon the magnetometer measurements

made by the Adelaide payload at float altitudes.

40104 Time Variations,

Periodic time variations of the geomagnetic field, such as

the quiet-day solar (Sq) variation with an amplitude of about 25%
at Adelaide during solar-active periods, and the lunmar (L)
variation of about 1y amplitude, may be important for magnetometer
meuasurements made at float eltitudes since these, in comparison
with measurements made at ground level, are closer to the ionospheric
current system sources. This is even morc strongly true for the
irrezular Phenomenaof geomggnetic storms.

Predicted effects at float altitudes depend on assumptions with
respect to the physical nature and the height of the current
systems which produce the field variations. If the currents flow
at a well-defined height x km., AH(40) and AH(0) are the pe‘rturba.tions
in H at float altitude (40Km) and ground level (0Xm) respectively,
then we can write

aH(40) = oR(0) ()",

where the value of m depends on the model adopted for the current

systems For o line current n= 1, and for an infinite current
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Far ‘the latter case, aH(40)=0H(0) and only large and relatively infréquent -
geomagnetic storns withsH 2100Y will be of significance. In the
former case, and for > = 120 Km, (B region), we have aH (40) =
%— AH(o), and the conclusions are little different from the
case n=0, Thus 8q and L variations will not have a significant

effect on the magnetometers at an altitude of 40 Km,

Only large gecmagnetic storms will produce significant effects,
Variations can occur in eall geomagnetic elements during such
phenomena, In particular D variations can occur which will lecad to
atsolute errors in the ezimuth messurement. The size of eny
such D variations at 40 Km altitude would heve to be inferred
from ground-based observatory records, making azimuth c orrectioms
difficult. It is thus advantageous to be aware of the scale of
magnetic activity during s flight, since this is relevant to

the accuracy of X-ray source position determinetions.

4.2 QRIENTATION QOF THE CROSSED. MAGNETOMETERS .

This section contains computations which describe the effect
on the azimuth measurement of deviations from the nominally
horizontel orienteticn of the two crossed magnetometers. Such
deviaticns can be due tos-

() Oricntation errars in the mounting of the magnetometers

within the payload and,

(b) a non-vertical payload rotation axis resulting from an

uneve: distribution of mass within the payload.
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4,2,1 e Theor! .

The coordinate system defined by the Cartesian axes
having unit vectors (£,i,§) where E is directed vertically
upvards and g is the direction of the horizontal intensity
is shown in fig. 4. 1(a). Thus, E:i.H—EZ =é?i({ cos I-K sinl) =4,1.
where IEF - H + Zz.

The axes (E,Q,E) will be referred to as space axes.
We also define the payload coordinate system by the unit
vectors (i,g,g) where k is the payload rotation axis,
directed ap.roximately upward, and j is the vertical projection
of the telescope viewing axis in the plane normal to k (see fig.
4,1 (b)s The right-handed convention is adopted for rotations.

Then the matrix transformation from payload to space coordim :es ist

X = A B C X 00-0000402
|‘:‘;’ 1 cos (B+8) -sin (f4f) O]
where x= j":§ =|J i, C = |sin (¢+¢0) cos (¢+¢o) 01,
| |
bl K] o 0 1]
. ﬁ— 0 0 N Mcos Mo sinrlo 6—'
B = 0 cos & -sin 6|, A= —sinﬁ]“ cosvb 0 .
0 sin @ cos @ 0 0 1
e o L |

The angles @, ¢o’ © and M are shovn in figure 4.1 (b).

The angle § is the telescope magnetic azimuth, © the
angle between E_and 5 ie.cs the off-vertical hanging angle of
the payload, Qggives the azimuthal direction of the (k,K) plane
relative to the telescope azimuth, N,is the projection in the (i,j)

rlane of the angle ¢o’ and is given by the condition:
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(a) Space coordinate system ([J,K)
defined such that the
geomagnetic total field
is given by J

F=HJ—ZK 1 B — >
) .
|
|
1 [
F ool

(b) Payload axes (i, j, k)
derived from space axes
by rotational transformations.

Order of rotations is
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Fig: 4.1 Co-ordinate systems used in the derivation of
equation 4,6 for the magnetometer response.
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8in v cos ¢o - cosm cos @ sin ¢0 =0  cececesvceddd
0 (4]

To be noted is that if 030, i.e. the payload is incorrectly
balanced, the rotation axis E»will precess about the vertical
K as the payload roiates and @ varies. The precession cone
will have half-angle 6 and the position of the k vector on
the cone will be given in azimuth by the angle (¢+’¢°).

The transformation describing the orientation of a mounted
magnetometer relative to the payload coordinate system is
identical in form to equation 4.2 (see fig. 4.1 (c) compared
with fig. 4.1, (b)). Consequently, analogous formalism is
used, and we define the mounted magnetometer coordinate system
(i~', g;', 5') where :1' is the unit vector in the direction
of the semsor axis, Eﬁ is perpendicular to j| and in the
(§|,§) plane and it is the normal to the (j',k') plane. Thus

i d

the mounied magnetometer axes in terms of the payload axes are:-

1 1]
0 sin @ cos 8

4 | B I |
> =ABC f eecseead,d
o AT,
i ! { cos Y'lo s1n*}° 0
h ' 1 Al 1 i ' '
where x = .;.‘. X = -—sun‘qo cos‘qo 0 >
t .
< | 0 0 1
"‘\-—i L. -
_ s 1 [ 1 '
i 0 7| cos (¢ +4 ) - sin (¢ +¢o) 0
1 T ] ] ]
B!= O cos O ~sin © £ C =|sin (@ +¢O) cos (¢f+ﬂo) of .
|

0 0 1

——

{
Combining equations 4.2. and 4.4. gives the most general

expression for the orientation of a magnetometer in space:

] LR I | .
x< =ABC < ABCE cco-cco-oo.4-5

.
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The response of the sensor to the geomegnetic field is given
by the dot product j'. F. Certesian tensor notation is adopted

in which summation is implied over repeated subscripts, thus:

jL.P=4A'__. B C A B C F
~ o~ 24 &J Jk kl [h‘\ mim D

13

bi;ito.ooooo4.6

H teh I.

H= ‘?{dos I, and F, = = &

wvhere F1 =0y F 3

2

The case of perfect alignment, which has ¢0

O=n, =9 =14

= ot :)1; = 0, yields 2},5 = H cos @, the correct result .

Other simple cases are (a) that in which @' is the only non-zero
angle, for which j'. F = |®| cos (I-8) when § = 0%, and (b)
comparison of the results for the two cases (i) ¢0 = @' = ¢é =06 = 0,
040, and (ii) ¢o = @' = 0, 80, ¢o' = 900, Q' arbitrary, which

are identical +to each other due to the axial symmetry of the sensor,
The results-

ite F = 'El (cos I cos © cos B + sin I sin @)eeesesde7

is in fact given by equation 4.6 for each case.

It should be noted that equation 4.6 no longer has the sinuscidal
form of equation 2.1. However for small deviations from ideal

orientation, the response is almost sinusoidal.

4,242+ Numerical computaticns.

BEquation 4.6, hes been computed as a function of azimuth for

a model balloon trajectory under the following conditions:-~

(a) Balloon trajectory: Launchfrom Mildura (»34.230, 142.050),
westward counstant latitude escent to 13C K £t. given by: altitude

(€130 K £1) = ~ 185 ( longitude - 142.05°),
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(b) Geomegnetic elements are computed along the trajectory
from the model of Hurwitz et. al. (1966},

(¢) One calculation is for zero altitude at Mildura and for
a precisely levelled payload i.e. % = K and hence 8 = ¢o = 0,

This simulateg the preflight calibration which ds- performed
by pleecing the payload upcon an accurately horizontal platform
which is: rotated through all azimuth angles. The magnetometer
mounting parsmeters (@', ¢; ,O' Yhawe values listed in (e)
belows.

() Other calculations along the balloon f£light path are
performed for a pocrly levelled payload i.e. k = % . The payloed
suspension parameters (O, ¢o) used are & = 1°, ¢U = 45°,

(¢) Mapnetomeber muunting parameters, defining the orieutation
of the senscors within the payload, are. for magnetometer # 1:
g1 = 27, ¢; = 1207, 3= 1% and for#2 : @' = 94°, ¢'0 = 2107,

e! = 1”. These values are the same for both calculation (c) and (a)
ahove
(£) The final computed values of j'. F as a function of azimuth

~
ere bicssed by & constant field of 30,000% , corresponding to
the bias level Vﬁ (sece equation 2.a), and the peak and trough
values of i'iF are. usced to (etermine the mean levels and
the amplitudes of the respective sinusoid aprroximations.

The reirults are presented in table 4.4. and show that sinusoid
mean levels are determined mainly by the orientational parameters

1 o

(s, ¢0, g, ¢o,0 ), and the auplitudes by the horizontal intensity
(sec nlso eguation 4,7)e An imvortant cunsequernce is thet for
both £lieht =rd ypreflight azimuth calibration, the condition

k = K should be met if irregularities in the azimuth measurement
~ s
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due to shiftin; mean values are to be minimized. The effective
sinusoid phase angles ¢i o (i = 1,2, see equation 2.1) are found
L
3 L 0 .
to remein consitant to within 0.1 of their expected values for

all parameter combinztions tried.

Table 4.4: Chenges in sinusoid characteristics for a model flight,
lLeng Lltitide H MaG.# () HaGg#E2 (%)
(degrees) (K £t) (¥? MEAN  AMP TN AMP
pILDURA TREPLIGHT 24744 30465 24735 30830 24743
142,0 1o 24703 29780 24710 30200 24720
141.0 46 24554 29780 24560 30200 24570
141.5 102 24324 29780 24325 30200 24340
141.0 13C 24186 26725 24195 30195 24205
140,C 130 24117 29783 24123 30195 24135
139,0 13C 24045 29780 24050 30200 24060

Thc precision of the azimuth measurement under the above
conditious wans investigated by treating computed pairs of magnetoneter
outputs, j'.F (i = 1,2) tv exactly the same analysis as is used

A

with the fiisht output pairs. The appropriate approximations

to sinuscids as given in table 4.4. were employed as calibrations,
and o compubed ezimuth engle ¢c was obtained using equation 2.2..
The value ¢c was ‘thepncompared with the true azimuth angle g used
in the ori~inal j’.F calculation and the size of the azimuth

Ey =
discrepancy, |¢c- @i =|€(g)], was obtained. The maximum value

. . . o_. P
of the 2iscrepancy in the azimuth range 0K P &£ 360" was then

detorminsd.
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The following parameter vaolues were used in the calculationss

payload suspension @ o =0°, 0g 0 5°: mognetometer # 1
o

., B 1 t
o'=1°, ¢’= 2”; magnetometer#2:6 =1, @ = 947, ¢0 = 0°; geomagnetie
field:H = 24744%, I = ~65.52".
It wes found thet MX[€(P) g 0.5°( 0°¢ p£360°, 0°€ 0 5),

a figure comperable +to the azimuth resolution of ~ 0,37 (equation 2.3).

4,2,3 Summary

(e} Small deviations (E}EQ) from precisely horizontal payload
and magnetometer orientation result in small deviations from the
ideally sinusoidal form ¢f the magnetometer output as a function

of azimuath.

(b) The cutpuis wey be aprroximated by sinusoids and the

. . i . g 0
azimuths so detormined will agree with the true azimuth todt .

(e) The sinuscid epproximations for small deviations, have
mean levils which are determined by the Sensor's Spet ial orientation,
and amplitudes which are functions of the horizontal intensity.

(d) The azimuth dependence of the wrror € ($) implies that if &
celest ial X-roy source of knowposition is to be uscd to provide
an in-flight calibration for the azimuth measurement, any correction
thus derived may only be safely auplied to azimuths in the vieinity

of the source,.

4,3 CALYBRATION OF THE HAGNETOMETLERS

Preflight calibration on the grouni is used in order to determine
magnetnueter sonsitivity Ki and the sinusoid phase angle ¢i o
b

(see equaticns 2.1, 2.2).
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However uncerteintigs concerning the finel payload hanging cngle
© during flight, and the dependence on @ of the sinuscid calibration
means Mi , make necessary an in-flight calibration of the values

,O

of Mi,o (i =1,2),

4,3.1 Preflight experimental procedure.

The payload is placed upon an accurately levelled rototing
pletform, well removed from any magnetic materiais. A relative
azimuth scale is provided by graduations in units of one degree
arovnd the table perimeter, and megnetometer output pairs are
obtained at 10° intervals around the azimuth circle. The true
azimuth scale is determined from the relative azimuth measurement
by using the active telescope to determine the relative azimuth
of a distant (~30 ft.) X-ray emitting isotope. Theodolite
measurements of the direction of this isotope reletive to astronomical
objects at accurately determined times yield its true azimuth
and hence the angular displacement between the true and relative
scales,

Thus magnetometer celibraticn sinusoids are obtained as functions
of true azimuth engle and it is not necessary to know the
absolute value of the magnetic declinaticn D at Mildura. Its vector
gradient in the vicinity of Mildura must be known in order to make
flight path correctiorns, and this can be obtained from aeromegnetic

maps or can be computed (Hurwitz et al 1966).
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4.3,.2 Reduction of preflight emlibration data.

The measured amplitudes of the calibration sinuscids were

used together with B.M.R. horizontal intensity measuvrements

(24,4807 at 1965.C, secular variation = - 25 per year) tc determine

the sensitivities Ki in gammas per A~D converter output count.

The phase angles (¢i O—D) were determined by obtaining a
’

first approximation calibration by careful visual inspection of
the sinusoid. If D+ .ci-.is the exact phase angle, the correction JI:

is found by using cquation 2.1 and forming the residual

. i
R, .= (f.D+d.)-M . D), for the j ' datum point as
1.3 lJ_ ¢ i, _1) H (¢J, )’ J P

ad

followss—

) |
%, -5, [cos (8 + ;o =D = &) = cos B+ 8, - n)]
00-.0408

Simplifying, essuming cos éi:s1, squaring end summing over all

2 EI: Rifj

S"i’zz Ji =(:£K{’:'l") J o7
?; Sin (Qj +¢i,o—D)

calibretion points, yields:

...'..I.....4'9

This may be regarded as giving the second approximetion to
t
(¢i OHD) and is usually accurate to within about 10 , making
?

further 'iterations unnecessary. The invariance of both the Ki and

9.

io (i = 1,2) over a ballcan flight path is assumed.
e



89
4.3.3. In-flirht ecalibration.

Only the Mi,o now require to be detormined and this is performed
using flight data since the addition of Department of Supply
flight support equipment makes it very difficult to comtrol the
condition k = X for the payload rotation axis. The flight

Mi,o values inveriably show a discrepancy relative to the pre-flight
calibration values, oving to their dependence on crientational
parameters.

The Mi,o ere determined by taking a trial calibration and
computing ¥ as a function of #, as outlined in section 2.7.3 For
o sufficiently small traverse of the balloon flight path and for
the correct calibration, the function H (#) should be constant,
However, if incorrect values of Mi,o are used, I (@) will disgley
2 sinusoidsal meiulation.

Iz Mi?o is the aprrox:mation employed to calculate values
of the function HY (@), if Mieo and H® are the corresponding exact

'

3 . e 8 ge .
valuos to be found and if the approximation @ ~ @ is made, then

28
1

e - e .&
= FAWN /] - [4, T . - e sseavec 4,
() = H + K, (r&’o 141’0) cos (g + ¢1’0 D) 10
Thus the smplitude and phase of equation 4.10 give the necessary
corrections to the Mi T 1,2, Figure 4.2 shows plots of H

?
(g) for different choices cf FLO and M2 g during +the flight

’

MIL =2-69, from 1002 to 1136 hr. E.i.8.7. (Bustern Australian

Standard Time).

4.3.4. Pinal Values of Calibration Parameters.

Tull calibretion details for all flights which employed

magnotometers are listed in table 4.5.



Fig, 4.2 Determination of magnetometer calibration sinusoid

means by plotting flight data in the form H(g),
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Teble 4.5: Mrenctometer calibration Jata, all flishts,

Plight | PRE-FLIGHT PFLIGHT
Nos Ki K2 | f, D o001 Yy 0 P20 M0 Lo
MIL-1-68 | 136 121 -183° -100° | 318 227 ;313 233
WIL-2-68 | 151 124 | -185° ~100° | 312 244 | 308 245
MIL-1-60 | 150 123 | ~1686° —100° | 312 234|306 229
MIL-2-69 | 150 123 | -188° 100" | 309 247 K322 239

; 324 246
|

* On MIL-2-59 both M1 and M, , vere observed to chenpe during
[

I L]

fiighd, hoving  the rospective values of 322 and 239 counvs from
0900 %0 1232 H.h.8.7. an® 324 and 246 counts from 1232 to 1718
hours Bei.8.T. This change was attributed to o small slip of the
pavload rijpring under vension .,

G.c, BLIGHT PHRFORMANCE OF. TiE MAGNETOMETERS, .

In this section, en anomaolous effect in the measurement of H
is discussed, and the possible error in a final azimuth detorwination

iz estimeted.

Aodele Ancrialous H measurement.

It has been mentioned (Section 2.7.3) that the determinstion
of horizontal intensity using a measured azimuth value can in
principle be vsed to check the . correcct operation of the megnetometers
Fi;ure 4.3 shows E as a function of time during the flipght MIL-2-69
end reveals awusrent variations of up to 2000% in quite short
intervels. Those variations are recorfed by both magnetometers
andd there are uo correnletions with azimuth or telescope zeRith

anyice
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Fig: 4.3 Horizontal intensity measurement as a function
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The H variations pose difficult problems with regard to their
interpretation. Section 2.7.5 indicates that instrumentel effects
are unlikely since the stabilized 6.3 volt supply was observed
to be well-behaved for the duration of the flight, as were the
calibration numbers Mi,cal and the payload temperatures. The
finite digitization time effect does not produce effects of the
observed magnitude (see section 2.7.4)

A real geomagnetic field variation does not seem possible
either since there is no correlation with known surface anomalies
and in sny case the variation is too large. Geomagnetic storm
activity is ruled out by the records (fig. 4.4.) of the ground-
based B.M.R., magnetic observatories at Gnangara (W.A.) and Toolangi
(Vic). These magnetograms reveal no H excursions of the order
of 103‘5, as scction 4.1.4 has shown would be necessary to explain
the balloon observations. Records of the 3-hourly Kp index (Solar
Geophysical Date Reports 1969) confirm the absence of large
scale magnetic ectivity at this time, There is also no correlation

in time with any ballast drop from the peyload.

There is no explanatisn at present for the observations in fig.
4,3. However, since the effect is a real horizontal intensity
change or is at least equivelent to one, the azimuth measurement
should not be affected (see equation 2.2). However, the advantage
of having an independent check on the azimuth angle using say a
sun=-sensor or star-~camera is apparent., A sun-sensor has been designed
in our laborstory and is expected to be used in the near future

(Clancy 1971).
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4+4.2 Accuracy of the hzimuth Measurement,

The following effects contribute to the uncertainty in the
final azimuth measurement at any giveh time:

(a) digitization of the magnetometer signal, 5:0.30 (section
2.7.4),

(b) misorientation of the payload and/or magnetometérs,§;0.5o
(section 4.2.2),

(c) possible error in calibrated phase angle ¢iﬁf’$dh1
(section 4.3,2),

(4) possible error in interpolating to a given time between
successive azimuth readouts for a payload rotation rate of ~1°
per second, 4§0.50 (section 2.7.2).

Hence the telescope azimuth at any given time should never

be in error by mere than 1.4°,

These figures apply to instrumemtal errors only and do not
include the statistical uncerteinty associated with the detection

of an X-rey source, This will be discussed in chapter 5.

4,5 A ROTATING REFERENCE MAGNETOMETER,

Up to this point, t!'is chapter has described the azimuth
measuremcnt by a pair of crossed magnetometers mounted upon a payload
which is unstabilized in azimuth, A single magnetometer, mounted
horizcntally and able to be driven about e vertical rotation axis,
can be used to stabilize the payload within a narrow azimuth range
by aligning itsclf in the magmetic east-west direction, thereby

acting as an azimuth reference relative to which the payload may
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be rotated by the desired amount.

The azimuthal engle between the tolescope viewing axis and the
magnotometer sensor axis must be known in prder that the telescope may
be directed by commehd towards a source of known position, This angle
is obtained from a shaft encoder mounted on the magnetometer rotation
axis ond whose output; which is a telemetred 9 bit Gray Code; has been
colibrated as o function of telescope nzimuth, Its resolution is about
0.7 degrees per bits The calibration curves prepared for MIL-1-69 and
MIL-2-69 are shown in figure 4.5 although neither was used owing to
malfunctions of the oriemtation systom, and no inflight results can be
quoted, Evident in each curve is o considerable ™wobble" about the
theoretical straight line, with the suggestion of a sinuso¢idal
component of period 180° in ezimuth.

The unknown origin of this perturbation has led to a theoretical
analysis 8f orientation effects analogous to that for the crossed
magnetometers in section 4.2,

4,5,1 Theory

The matrix formulation here diffors from that of section 4,2
only in that the magnetometer mounting rotates. A co~ordinate system
(if if gf) is thus constructed to describe the rotating mount relative
to the payload axes (i,.i,‘h). The parameters used are analogous to
those of section 4,2 and fig, 4.6 illustrates the geometry, Note that
# is magnetic azimuth, end the angle measured by the shaft encoder is
the angle ybr, gencrated by a rotation about the axis Er, beginning

from the vertical (j,K) plane which contains the telescope axis.
ar N
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for flights MIL-1-69 and MIL-2-69.



Transformation between rotating magnetometer

axes (‘i_r.jr.!(:) and payload axes (i, j, k).

Fig: 4.6.
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If the sensor axis is given by jr and orientation is perfect,
the null magnetometer calibration curve yf (@) is given by:

%’r (¢) =900 - ¢ nooop.-oo.-4o11

which is a straight line of unit slope. Misorientation is
now introduced and the resulting perturbations on equation 4,11
are examined.

The mounting coordinates in terms of payload axes are

given by:
+ T I r.r
= B CDEIZ ssveasasstel

i | i

Ty
wvhere XX =|j X =] .

Ay A 9 ~ - P

K k |

L e

coswr - sin g/r 0 ; 0057‘: sinqz 0
r . T r B o T
B = siny cosw 0 ) c = -51n7I° cosvlo 0 ,

0 0 1J 0 0 1

- __ ]

1 0 0 cos # - sin # O
D’ = 0 cos @ - sin O " E' = | sin Q: cos ¢: 0

0 sin &° cos OF 0 0 1 ¢

To deseribe the orientation of thesensor in completely
general termg it is necessary only to produce a rotation by an
angle -t; ﬁbout Ef i,e. make the probe axis ;on-perpendiculgr to
the mount rotation axis. Rotation about Ef is trivial due to
symmetry and about Ef is unnecessary since it adds only a consfaqt
to the angle VF already defined. Hence we rotate about 3? by an

| SIS ] 1]
angle -zf'to define the magnetometer coordinates (2,2,5 ) where

1
j is the direction of the sensor axis:

~
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'I . : | .od..»401
x =Ar XI‘ 'y & 3
~ ~ n
i 1 0 0
] ] r t . 1
where « =1|] . A =0 cos T -sinl | ,
~ t 1] 1
k 0 sin { cos8T
L~

t
To find the magnetometer orientation 3¢ in terms of space

axes X, we combine equations 4.2, 4.12 and 4.13 to obtain

1 rrrrxr
. =ABCDEABC§ cecessonsesde14

]
The response of the sensor axis j to the field E is by analogy

with equation 4.631-

3 r o A T
d.E=4,0 By cjk Dy Eim An Bnp cpq Fq""""4'15

1
The necessary null constraint, j .F = O is now applied and values
of the function 71:1 (#) computed for different sets of orientation

perameters in order to examine any porturbations introduced into

equation 4.11

44542 Computations,

Results are plotted in fig. 4.7 in the form of the error
in @, ¢ (@), which results from incorrectly assuming equation
4,11 to be valid, That is, € (@) = 90° - (" + @). The curves
are labelled with numbers corresponling to the parameter list given

in table 4.6 which also tebulates the maximum of each & (@),
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Table 4.6 Parameter lists for the curves of figure 4,7

iCurve . i ' )
1 7t o g, e g, g max | € (¢)l
E
3 1 0 1 0 1 4.4°
4 1 45 1 0 1 4,0°
10 1 135 1 0 1 1.7°
12 1 225 1 0 1 1.7°
14 1 315 1 0 1 440°
15 3 90 % 45 1 8.3°
16 1 90 1 45 3 4,0°
19 1 0 3 0 1 8.7°
!

Figure 4,7 shows sinusoidal forms for all €5 (@), of period
360°, Other configurations (not shown here) were also computed
but no 180° period component could be produced by manipulation
of orientational parameiers. However, table 4.6 does show that
substantial errors in pointing azimuth can be expected if in-
sufficient care is taken in the orientation of the magnetometer,

its rotating mount and the balancing of the payload,

4,6 EFFECTS OF CONTAMINANT MAGNETIC FIELDS,

Materials which may procuce undesirable magnetic effects
are kept to a minimum during payload construction. However,
small amounis are inevitably present and can produce both
permanent and induced fields which contaminate the geomagnetic
field, Such materials exist in the Nicad batteries, in Dept.

of Supply flight support equipment, in the payload ballast
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{(irvon dust), and in the graded shield telescope which contains
a cylindrical, high permeability; conetit shield intended to
minimize magnetic effects in the 7.5 inch P.M. tube. These
materials and their fields may have significant effects upon

both the erossed magnetometers and the null magnetometer.

4,6.,1 Permanent fields,

Bach of the crossed magnetometers will sense a comnstant
component of any permenent field., Consequently. the only effect
will be to change +the mean level of egach sinusoid by an amount
independent of the azimuth angle.

However a rotating reference magnetometer will be differently
affected, since it senses zerd resultant magnetic field, and
unless the payload field is fortuitously in the vertical
direction, the direction of zero resultant field will differ
from that of zero geowmegnetic field as the payload rotates
in azimuth, A quick analysis shows that the difference § between
the directions is e sinusoidal function of azimuth, with period
360°, The maximum value Jan exceeds 1° for o permanent field
having a horizontal component in excess of about 4005’at the
magnetometer, Hence although permanent fields may affect the
null magnetometer calibration, the perturbation so produced

does not by itself explain the discrepancies in figure 4.5.
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46,2 Induced fields,

A highly permeable body with a two~fold vertical axis of
symmetry will generate an indiced magnetization field of 180°
symmetry, as it rotates about this vertical axis: An example
is e hollow right cylinder, e.g. of conetic shielding material,
with its long axis in the horizontal plane. If the symmetry
axis is gradually inclined to the vertical direction, the 180°
periodic effect will be progressively destroyed. A simple case
is that in which the inclination to the vertical is by the angle
I, the geomagnetic 4a'.p angle, Qualitative considerations lead
us to expect tint the maximum perturbation as a function of
azimuth should occur with the cylinder long axis parallel to
E. The azimuth angle 180° from this position may produce a
minor magnetization field ewhancement, thereby introducing a
small 180° component in the perturbation field.

It is thus possible that the conetic shielding may have had
the observed offect on the roeference magnetometer (fig. 4.5).
Similer effects upon the crossed magnetometers were investigated
by plotting the residuals Ri,j (i = 1,2) as a function of
azimuth ¢j (equation 4.8), using the correct phase angle
(¢i,o—D). Any irregularities or periodic components in the
magnetometer calibration data with periods other than 360° should

reveal themselves in such an analysis.
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Figure 4.8 shows the two residuals R1 and R2 for the MIL-1-69

preflight ealibration. The form of R1 is consistent with the
supgested hypothesis and contains an appreciable component of
period 180°, R2 has an essentially random scatter about the mean
and reveals no obvious periodic behaviour. However, this

raegnetometer may not have been advantageously oricnted to observe

the effect,

It is thus suggested that the perturbations evident in the
calibration curves of both the crossed magnetometers and the
rotating reference magnetometer, may have their origins in the
permanent and induced magnetic fields which arisc from the

presence in the payload of small amounts of magnetic materials,
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Fig: 4.8 Crossed magnetometer calibration residuals as a
function of azimuth for the flight MIL-1-69.
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DISCRETE SOURCE RESULTS. 320° < 1'T< 350°

5,1 TNTRODUCTION

In this chapter I present a report of a search for weak K—ray

Il £ 350°, conducted

scurces in the range of galactic longitules 320 < 1
during the flight MIL-1-68 (see tebles 1.4 {n) and (b)). These sources
previously have had iimited exposure tc cbservotion because of their
southern celestial locations, and someof the resulss are the first
reported for photon energies in excess of 15 KeV, 4 brief preliminary
report bas alresdy been publishted (Thomas 196%)» The strong discrete
sources GX 3+1, Sco XR-1 and GX 354-5 were also cbserved during this
flight and these results have been published elsewhere (Buselli et al.
1968, Buselli 1968, Clancy 1968, Davison 1963).

The instruwpentation hes been described in chapter 2. The results
were obtsined with the active telescope vaich was set at o constant
zenith anzle of 32° . In ordsr to adequately survey the sky region of
interest, it was driven back and forth in azimuth by means of radib
commends, Source positions given by the L group (Friedman et dis
1967, this thesis section 1.1.1) were the nominal objects of interest
and the region of sky scanned during the whole flight is shown in
fig. 5.1. The socurce positions plotted are those of HRL , the Lockhéed
group (L1,Fisher et al. 1966) and the University of Adelaide {Cen X-2
Harries et al, 1967; GX 3+1 end GX 354-5, Buselli et al. 1968}, 4 more
detailezd diagram of source pesitions ns of August 1970, for the galactie dise:
between longitules 320° and 3500, is presented in figure 5.5 and will

be discussed in section 5.5.
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3.2 DATA ANALYSIS

The count rate dat# for -each energy.chanmel were analysed by .
generating count rate versus azimuth profiles for- eech 10 minute
interval of observing time. Agimuth bins of width 5° were used. By
this means a strong source can be detected and the azimuth and time of
maximum telescope response found, The accurate source position and
raw count rate spectrum then easily follow by performing a least squares
£it of the known teleScbpe respotise functioh to the count rate data
with background subtracted.

No strong sources were detected in the 320° < 1II<L 350° survey
however, and the approach adopted was to single out suspected source
positions, as given by the NRL, group, and improve the statistical
precision of the observations by superposing the data of successive
10 minute intervals, making due allowance for the approximete azimuthal
motion of each suspected source, The summing of two or more energy
channels was sometimes necessary also, Data intervals were used only
in which the mean source zenith angle # was such that |z~ 320‘ {,40
in order that the gain ir statistical weight was not offset by degradation
of any source count rate peak due to collimator shadowing at large off-
axis angles,

The superposition of up to an hour of data in this way resulted
necessarily in the use of mean velues for a number of quantities
essential to the analysis. For example the response triangle
azimuthal width variss significantly for azimuthal scans at different

off-axis zenith angles.
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{the mean width W taken over n ten minute intervals of which the ith

(1€ i< n) contained N, telemetry frames of data was teken to be
n
AR

.
1= 1

where Wi(zi) is the width for the mean source zenith angle Zi during

'] 5.1

the ith data intervael, Note that in addition to the effect on Wi of
the telescope aperture, Wi if in units of degrees of azimuth is
further modulated by Z; and is related to the angular FWHM (see
section 3,4,3) of the telescope through

v, (z,) =2 (FWiM ) cosecz (# o).

For Zii =)Z - 32°]¢ o, the response function departs more from the
assumed triangular shape. However, for these weak sources, and for
simplicity in the least squares fit procedure, the assumed triangular
shape was considered adequate.

A simple least squares fit method was used, First, the background
vas estimated (by averaging over "off-source" times) and subtracted from
the observed mean counting rate for each 5° bin.The resulting counting
rate, n (i) at azimuth ¢i was then fitted by a function (@) = A,g
(¢ - #o), where g is the 'r_l;riangvula,;r response centred on azimuth q’:o and

given by 1-2%- Pl , Jo-¢d €3V
g(¢— c,bO) [ .“-f-

o i lg- ¢d >FW ____5.2.

. 2
Minimization with respect to A of the error function E ﬁ__{ilz - f@;j)
nk #))

vhere V(h(q)i) is the variance of the datum point n(¢i), gives the best

value of the amplitude of the response ns:
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N i - Po) n(@i
e V(n(gi))

A = =

N g (#iio go)
<y Via(gi))

1

with a standard deviation

iy i
c(a) = 2(gi - go !- 3
Vin i I 5.3
L |
For this @o then, the minimum value of E, Emin (o), is consequently
calculated. Variation of the parameter o then determines the azimuth
for which Emin (@o) is itself a minimum., The error in this "best"

azimuth is given by (Giacconi et al. 1968)

r(Bo) =W__ . 7(a) 5,4
MG s Bl

It should be noted that not everybody uses equation 5.4 to computetf(g)
Fér example, Lewin of MIT uses as a 'fule of thumb" the telescope FWHM
divided by half of A/¢(A).

Having found the best fit count rate AtU(A) for each channel, a
mean off-axis shadowing correction must be applied, Its calculation

is analoguus to the mean triangle width calculation and is given by

n i ’
— C_(ZIN. -
Cs == g S . N.
R
: N
- 2 i

where C: (E{) is the correction applicable to the mean off-axis angle

-—

t; during the ith dats interval, Finally corrections are applied for

atmospheric and telescope window attenuation, NaI(Tl) crystal
transparency, energy resolution and iodine K-escape in order to obtain

a final, corrected source spectrum (see chapter 3).
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5,3 NORMA XR-1 AND ARA XR-1

The method of analysis described above was applied to the galactic
disc region between longitudes 320° and 350°, Since no significant
background variations were observed as o function of azitiuth in
noff-gource” directions, these data were combined during the time
interval of source observation in order to obtain a beckground of
high statistical precision.

The completion of the analydis resulted in the observation of
significent hardifluxe; f?om two sources and upper limit g. for a
number of others, These two sources were observed respectiveiy at
agimuths within 0,7° aii1.0° of the NRL positions nominated for
Nor XR-1 and Ara XR-1l,

5.3,1 The Spectrum of Norma XR-1

In the energy range 27 to 57 KeV, Nor XR-1 was observed to have
an intensity equal to 3.5 stand;rd deviations above the background
counting rate, This is the only balloon-borne observation of this
source reported to date. Figure 5.2 shows the spectral results for
Nor XR-1l, Also plotted are the measurements due to NRL and to the
Leicester group (Cooke and Pounds, 1970). Two sets of Adelaide
points are displayed, corresponding to the use of two different
assumed spectra for the calculation of energy~-dependent corrections,
These spectra are respectively a power law with exponent A = 1.5, and
an exponential with kT = 13 KeV (see Section 1.1.4). The NRL
measurement is inconsistent with ell other date and will not be

discussed further,
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Cooke and Pounds found that their data alone were best fitted by
an exponential spectrum with kI = 5 KeV, attenuated by interstellar

1 H atoms cm?z. This

metter having a column density of ~4 x 102
column density was calculated using the total X-ray absorption cross-
section per H atom for normal cosmic sbundances given by Brown and
Gould (1970). However, their data and ours combined are best fitted
by tlie power law with A = 1,5, with interstellar attenuation
corresponding to a column density of ~ 2,4 x 1022 H atoms cm'._2 rather
greater than the Leicester value, The exponential fit to the
combined date is not as good and also yields a value for the column
density 4:1021 H atoms cm?z.

¥ith regard to the power law fit, it may be sipgnificant that n
supernova remnant P 1613-50 lies very close to the source position
{Cooke and Pounds 1970). The Crab Nebula is of course a supernova
remnent and has & power law X-rsy spectrum., The measured columm
density of 2.4 x 1022 H atoms cm:2 moy be compaped with resulis of
Rappaport et al. (1969 a, b) who find A2 x 1022 cm:2 for the nearby
Scorpius~Sagittarius region,

Thus the revision of the spectrum of Nor XR-1 which has resulted
from the present high energy measuremeuts, has produced o column density
in much better agreement with that from other nearby sources than was
ehtaired by Cooke and Pounds using low energy deta only, This result
is consistent with the preoposition that all these sources lie in the

same galactic spiral erm (seo section 1,1.1),
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5.3.2 The Spectrum of Ara XRH-1

Ara XR-1 was observed to be 3.2 standard deviations above the
background count rate in the energy range 27 to 57 KeV, The derived
spectrum is presented in figure 5.3. The points have been correéted for
atmospheric absorption, etc. by assuming an exponential spectrum with
kT = 11 KeV, Tor comparison, the fit function EN(E)AE = 1.4 exp (=E)dE
is shown, together with low energy attenuation corresponding to a tilumn
density of 2 x 1022 H atom cm?2 in the line of sight as for Nor XR-1.
Also shown are data points due to (a) Lewin et al. (1969) for their
source M2, (b) Fisher et al. (1968) for their source L3, (c) Bunner et
al (1969) for GX 340-2, and (d) the NWHL measurementdf Ara XR-1, The
points (¢) and (d) extend over a broad energy interval and have been
adjusted to correspond to an 11 KeV spectrum,

The fit function provides a very good fit to the data over the
complete observed energy range., At present it is not certain that all
points apply to the same source, but figure 5.5 shows that all the
sources listed above do have error boxes which overlap, sharing a small
region of sky centred at about RA = 17h8m, Dec. = -45,0°, The complex
of sources observed in the Ara region will be further discussed in
section 5.5.

If the points shown on fig. 5.3 do originate at a single source,
the excellent spectral fit indicates that any time variations between
the dates of the observations have been small, The low energy turnover
incorporated in the fit by assuming a Hydrogen column density of 2 x 1022
atoms cm?2 is hypothetical and it can be seen that there are at present

insufficient low energy data ( <5 KeV) to determine whether the amount

of interstellar absorption (if any) is comparable with that in the
direction of Nor XR-1,
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The spectral results obtained for both sources, Nor XR-1 and
Ara XR-1l, are presented in tabular form in table 5.1.

5,4 UPPER LIMITS

Other NMRL sources for which searches were made were Lup A1
(see £1so Chodil et al. 1967), Nor XR-2 (also Lewin et al. 1968a, Cooke
and Pounds 1970). Sco XR-2 and Sco XR-3 (Fisher et al. 1966), and
Sco Xit=4. Upper limits only could be assigned to these sources,

"he results to date for Nor Xi-2 are shown in fig. 5.4. the
Adelaide upper limits correspond to 3 standard deviations above
Eﬁckgréund and contain spectral corrections based on the assumption of
an 11.4 KeV exponential spectrum. These upper linits are consistent
with the other results plotted, both at low and high energies. The
vide-bend MRL result hns been plotted by assuming an exponential
spectrum with kT = 11.4 KeV and is more than a factor of two below the
mensurements of Cooke and Pounds (1970). It is interesting to note that
the low energy data show no evidence of interstellar absorption, in
contrast to Nor XR-1, indicating that the hydrogen atom column density
in the line of sight to Nor XH-2 is considerably less thal 1022 atoms
oms’.

"he Sun was in the field of view for a short time and no hard
X-rays were detected. Satellite observations have established thatthe
Sun emits hard X-reys in association with flares and radio buists
(Cline et al. 1968, Hudson et al, 1969). However, there was no
ebnormal solar activity during MIL-1-68 and no flare greater than

importance 1 occurred (ESSA Solar Geophysical Reports, 1968).
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Upper limits (at the 3 sigmn level) for the intensities of the

sources mentioned above were determined by calculating equation 5.3,
using the value of ¢o corresponding to the NRL source position. These
upper limits, along with the Nor XR-1l and Are XR-1 results, are
tabulated in table 5.1. The spectral form assumed for each source in

order to make count rate corrections is also tabulated.

Table 5,1: Discrete source intensities 320° < III‘: 350°
Energy Flux (%) or 30 Number
Intervel Upper Limit Spectrum Remarks
(KevV.) | (photons cm sec Assumed
KeV.,)
-2 ” . L. .
Nor XR-1 | 17-27 1,95x10 Power law Position (this
e 5 experiment)h

2737 [#(7.46%6.00)x107* | N(EYAE-ET2 7aE | (x,8)=(16.5,-51.5°)

37-47  1(1.24%0,34)x1073 with uncertainty as
47-77  (1.09%1.18)x107* shown in fig.5.3
77107 | 3.770107%
Ave XR-1|17-27 | 1.10x107 Exponential | Position (this
3 experiment)

27-37  1%(2,19%0.65)x10” h J

(, 8)=(17.1,=45,4

3147 |#(2.58%2,91)x10~% |N(8)aB~E lexp | with uncertainty as
(=E)dE shown in fig,5.5
11
|41-67 | 2.720007*
Lup X&-1 | 27-77 . { 5.25x107% Power Lav | Upper limits have
4 2.0 been computed for
Nor XR-2 | 27-77 3.25x10 N(E)aE~E “*"dE | NRL source positions
J .
-4

Sco XB-4 1 27-TT 3.14x10

|

Sco XR-2 | 27-77 ~ 3x10

i

Sco XR-3 27-T7 -~ 3x10

L

The Sun 27-6T7 6.58x10
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5,5 SOURCE LOCATIONS

Also listed in table 5,1 are the least squares fit’ﬁositions
obtained for Nor XR-1l and Ara XR-1, which are also shown on fig.5.5.
The error boxes correspond to uncertainties of N 4° in both zenith and
azimuth angles,

The azimuth uncertainty has two components, (a) the statistical
uncertainty, given by equation 5.4 which is 2,5° for Nor XR-1 and 2.7°
for Ara XR-1, and b) the systematic uncerteinty of the azimuth
measurement, * 1.4° (see chapter 4), The zenith uncertainty of T 4°
corresponds to the expected variation of zenith angle, during the
period of observation of approximately 1 hour, of a source in this
region of the sky.

Kesults obtained from this part of the sky by other workers are
also shown in fig.5.5. It should be noted that the date listed beside
each group of workers is the date of publication rather than observation,
Pigure 5.5 presents a very confusing appearance and the poor angular
resolution of the measurements is immediately apparent, However, there
is broad agreement between observations,

Of particular interest is the source complex at the vicinity of
Ara which can be teken to include Sco XR-3 and Sco XR-#4, and which
requires a survey of fer better angulsr resolution than has so far been
performed. The results of Fisher et al. (1968) and Bunner et al,
(1969) appear to be the most precise to date and show reasonable but

not perfect agreement with each other,
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These results indicate that poor-resolution studies such as our
experiment , and those experiments of Lewin et &1, (1969) and Friedman
et al. (1967) would experience difficulty in resolving separate sources
in the Ara complex. The problem is especially difficult for balloon-—
borne experiments because of the low intensity of the high energy
radiation.

Inconsistencies between different observations also exist within
the Sco XR-2 complex which at the present time consists of the Lockheed
group's source L6 (Fisher et al. 1968), a source designated M4 by Lewin
et al. (1969) and one GX 349+2 by Mayer et al.(1970)., Also associated
with these sources is GX 354-5 (o< = 17h47m, d = -360, uncertainty ~12°)
observed by Buselli et al. (1968) and identified with GX-5.6 (Gur sky
et al, 1967). This is reported in detail by Clancy (1971).

The sources Nor XR~1, Nor XR-2 and Lup XR-1 have had little
observational exposure and demand closer examination, Variability has
been mentioned to account for inconsistencies which have appeared in the
limited number of observations of Nor XR-2 and Lup XR-1 (MoGrégor et al,
1969, Lewin et al. 1968a, Cooke and Pounds 1970), The limited data
aveilable for Nor XR-1 indicates that it has suffered little variation
in intensity between observations (Cooke and Pounds 1970). The .
inability of Lewin et al (1968a, 1969) to detect a significant flux from
Nor XR-1 during the experiment in which they observed Nor XR-2, may
suggest variability in either (or both) sources of high energies since'
both regions of sky received comparable exposure times from them and
comparison of figures 5.2 and 5.4 show that Nor XR-1 was the stronger

of the two at the time of our experiment,
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The galactic disc region 320° ¢ III<: 350° requires further
intensive study. It has been shown to be rich in X-ray sources, as is
the cese for the adjoining Centaurus region also (Cooke and Pounds 1970).
From our work it is clear that to be successful future experiments
directed towards this part of the sky should possess angular resolutions
better than about a tenth of a degree (rocket-borne). A large area
proportional counter plus rotating modulation collimator experiment
similar to that carried out by Schnopper et al. (1970) in Sagittarius,
would give resolutions of the order of one minute of arc,
and would be a significant contribution. Intensity thresholds for such
an experiment should be of the order of 0.1 and 0,05 KeV cm-.-2 seE} KeV'_1
at energies of 1 and 10 KeV respectively. For balloon-borne experiments
with an intensity threshold of about 0,01 KeV cm:2 sec?1 KeVT1 and with

s s . o
an accurate telescope pointing system, an angular resolution of ~1

seems & reasonable goal for which to aim,
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CHAPTER 6

ATMOSPHERIC X-RAYS, I

6,1 INTRCDUCTION:

Observations of cosmic X-rays at balloon altitudes are
hampered by the presence of a large background produced by
the interactions of cosmic rays with the atmosphere and
telescope surroundings. Reduction of this background is
essential if X-ray astronomy studies are to be effectively
pursued, and consequently an understanding of the processes
by which the background is produced is desirable,
6,1,1. The Telescope Background:

Three distinct sources contribute to the total background
count rate (B_m't) of “the telescopes

(2) Aﬁdiffuse flux (Batm) of photons which enters through
the telescope aperture and which is produced by cosmic ray

is

intersctions with atmospheric nucleij the count rate Batm

proportional to the telescope geometric factor G cm.2 ster,

(see chapter 3), end is a function of (i) photon energy E(KeV),
(ii) the depth of residual atmosphere P (gm.nﬁz), (iii) the
geomagnetic cut-—off rigidity (since this determines the incident
primery cosmie¢ ray spectrum), (iv) the prevailing cosmic ray

flux at the time of the experiment, and perhaps (v) the telescope
zenith angle Z, Charged particles entering through the forward
aperture have been found to contribute & 2% to Batm (Bleeker and

Deerenberg 1969),
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(b) A cosmic ray induced leakapge background (Bl) which is
a result of the detector's characteristics and of the atmospheric
radiation environment, It is caused by high energy gamma rays
vhich pass through the guard scintillator without interaction
and which subsequently Compton scatter in the central crystal,
and by the high energy daughter products of interactions
occurring in and around the telescope which also evade the
anticoincidence system. B1 is a funection of (i) ¥, (ii)p,
(iii) cut-off rigidity, (iv) time, and (v) the physical and
geometricel configuration of the detector and its guard system
which leads to variations in the magnitude and properties of Bl
from detector to detector. B, is independent of G and can only

1

be separated from B by employing a variable opening solid

atm
angle. flecently an experiment was flown in whioch the active
telescope operture was periodically screened by ancther
scintillator in anticoincidence with the telescope central

detector; however, no data regarding Bl and Ba vere obteined,

tm
as there was a major malfunction of the observatery, Hence, in
the work done to this date, the separate components Batm and Bl
cannot be distinguished and will be collectively referred to as

the local baclground Bloc‘ as opposed to the count rate produced.

by the diffuse background of cosmic origin, B . That is, B =
cos loc
Batm * Bl'
(¢) ‘the third component is the cosmic diffuse X-ray
background, Bos (see chapter 8) which enters the collimator

opening angle after attenuation by the residual atmosphere, It is

a function of (i) X, (ii) p sec 4, ana (iii) G,
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It is independent of cut-off rigidity and suffers no known
observeble time variations. It contributes significantly to the
total background rate at pressures p<<10 gm. cm—z, increasing
with decreasingp , as opposed to Bloc which decreases.

The uncertainty of the relative contributions of Batm
and B1 and the dependence of B1 on detector configuration
will lead to difficulties in the intercomparison of the results
of different workers on the cosmic ray production of X-rays
in the atmosphere, For these reasons conversion of measured
background rates to absolute atmospheric X-ray fluxes is a
rather speculative venture, However it is believed that B1
has been reduced most effectively in the active telescope
described in previous pages as a result of background rejection
techniques whieh are generally superior to those of other
detectors for which atmospheric photon results have been
reported in detail. This fact together with the small effective
solid angle of ~ 2x10-25ter means that the results presented
in this chapter apply to wnidirectional atmospheric X-ray fluxes
more accurately than any others published to date.

It should be emphasized that since different detectors
may be measuring fluxes of substantially different origins owing
to the B, ambiguity, intercomparisons must be made with care.
For the same reason, corrections of count rates to absolute
atmospheric X-ray fluxes is uncertain and in this chapter
conclusions will be mostly drawn using raw, uncorrected count

rates only,
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6e1,2, The atmospheric radiation environment.

The cosmic radiation within the atmosphere consists of a
number of components which can be classified in a number of
ways and the following is a very brief précis of the currently
accepted facts (Hayakawa, 1969a) Penetrability of matter is
onc classification criterion which allows the division into
two components, a hard component which penetrates >, 10cm. of
load and a non-penetrating soft component.

The production of a shower of secondary particles by inter-
actions of primaries with matter provides another means of
classification, One type of shower is generated in small thick-
nesses of matter and its secondaries emerge at large angles and
are rapidly absorbed. This electronic or E-component is associated
with the soft component and is accounted for by the theory of
the cascade shower initiated by electrons and photons, and
sustained by pair production, bremsstrahlunag and Compton
scattering. The other type of shower is generated with large
mean free paths end its secondaries are very penetrating with
little angular spread., This is associated with the hard component
and nucleons and charged pions are its primary and secondary
particles. The shower is produced by a combination of multiple
meson production and a cascade process and is denoted as the
nuclear -active or N-component of cosmic rayse. At high energies
both E~zndN-showers occur together, the E-showers being

initiated by the decay of neutral pions.
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At sea-level most cosmic rays are neither E nor N-particles but
form the penetrating component consisting of hard muons.

The manner in which this total radiation environment interacts
with the active telescope is then responsible for the observed
local background, The altitude dependence or transition curve, of
the total background rate in the energy range 37 to 47 KeV for the
flight MIL-1-68 is plotted in figure 6.1 as a function of slant
atmospheric depth (= p sec Z gm.cmjz, 7=32°), The count rate
increase as the balloon reaches float depth, for p sec Zg10 gm.cm:?
is due to the contribution Bcos of the cosmic diffuse background
vwhich becomes progressively less attenuated by the decreasing
thickness of the overlying air, At slant depths exceeding 10 gm,
cmtz, the count rate increases, reaches a maximum at about 100 gm,
cm?z, and then decreases,

The shape of the transition curve at depths greater than 10
gm, cm?z, is broadly understood from N- and E-cascade shower
theory and is characteristic of secondary cosmic radiation
(Hayakawa 1969a). For example, a 1 GeV cosmic ray proton interact-
ing with atmospheric nuclei will lead to the multiple production of
charged end neutral pions which initiate X- cascades of electrons,
vositrons and photons., There is a rapid increase in the number of
particles in the shower until the average particle energy is
degraded below that necessary for further secondary production, and
the number of particles reaches =z maximum (the Pfotzer smaximum at

an atmospheric pressure of about 100 gm, cm?z).
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It then decreases due to atmospheric attenuation with a constant
e-folding attenuation length (I;gm.cm_z) between about 200 and
700 gm.cm-z. The rate of decrease then slows down due to
(a) the increasing contribution of hard muons relative to the
severely attenuated soft component, and (b) crustal radioectivity.
Thus it would seem that the broad features of figure 6.1
are understood. However, detailed analysis reveals some anomalous
features vhich may be due to phenomena in the secondary cosmic
radiation which have not been observed before because of inedequate
techniques of background rejection. A study of the atmospheric
background is then of value for this reason and also Tor the
necessity of understanding the background production processes

in the detector.

6,2, TRANSITION CURVES, 200 P.£ 700 gM.CM >

The attenuation length L of the exponential portion of the
count rate transition curve has been determined as a function
of photon energy for four flights and for both the active and
graded shield telescopes. Differences are observed between
different flights, and between the two telescopes. Further,
values of L obtained for the active telescope guard rates differ

from those of the energy channel count rates.

6+2.1, Rosults.

Fig. 6.2 shows a comparison of three count rates plotted

egainst pressure for the flight MIL-1-69:
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Fig: 6.2 Comparison of attenuation lengths for count rates
measured during the ascent of MIL-1-69.
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(2) +the active telescope channel 3 (42,7-52.7 KeV);

(b) the active telescope NaI(T1) anticoincidence well (> 80KeV);
(¢) the graded shield (G.S.) telescope channel 2 (40-50 KeV).
These plots are typical examples of the three types of count
rate as they have been obtained on all flights. A striking
discrepancy is observed between the attenuation lengths of the
count rates in the active telescope channel 3 and the G.Se.
telescope channel 2, which cover approxim=tely the same photon
energy range. This serves to emphasize that caution should

be exercised in the comparison of the results obtained using
different instruments. Alsc notable is the close agreement
between the attenuation lengths for the G.S. telescope channel
2 and the active well rate.

The guard rates of the active telescope i.ecs the well
(>80KeV), the collimator (>40KeV), the lower level diseriminptor
{2 10KeV), and the upper level discriminator (3%180KeV), are all
in excellent agreement with each other for e given flight. These
values and their average (yo) are tabulated for the different
flights in table 6.1. Values and uncertainties of individual

rates were determined graphically.

Table 6,1: Attenuation lengths (gm.cm-z) of active guard rates,

Flight iWell %Collimator Lower disc!Upper Disc | Average L0
- ]

MIL-1-68 [175 £ 5 168 £ 10 172 £ 8 {170 + 10 171 + 8

Mil-1-69 |155 + 7 {150 £+ 8 150 + 8 |145 1+ 8 150 + 8

MIL-2-69 70 £ 7 |165 & 3 163 + 8 |160 4 8 165 + 7

MIL-3-69 *166 +5 |164 + 4 160 + 6 (158 + 6 163 £ 5
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The values of L(E) obtained for the different active and
G.S. telescope energy channels are plotted against photon
cnergy B in figs. 6.3 and 6.4. Error bars correspond to one
standard deviation and the telescope zenith angle for each set
of observations is indicated. These results were obteined by
performing e least square fit to the background data of each
energy channel as a function of pressure . The data were fitted
by the exponential function

Bloc(E’ P) = Bloc(E’O) exp (-%(E))

and the method of least squarcs given by Wolberg (1967) was
employed to dotermine the best fit values of Bloc(E,O) and L(E),
Chi-squared tests indicated that in all cases this function
wes o sabtisfectory fit. Also shown are points due to Haymes et al
(1969) which sccentuate the problem of detector-dependence
in the results obtained.

Table 6.2 lists for each flight the three types of attenuation
length
(=) La’ the average over all energy channels of the active
telescope (except the lowest channel whose attenuation length
was always much greater than the others due to its susceptibility
to noise and the large number of spurious low energy background
events);
(v) L , the average of the active telescope guard count rates
(see table 6.1); and
(c) L.q) the avorage over all cnergy channels (except the
lowest) of the attenuntion lengths for the G 8 telescope iee.

energy channels 2 to 5 (40 to 125 KeV),
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Also tabulated are the active tclescope zenith angle z for each
f£iight, the corresponding value of L=La/cos z, and the ratios

L/Lo and L /Lo’ which will be seen to have relevance in section

GS
6.2440

Table 6.2 Comparison of Attenuation Lengths.

I | Active telescope . GS telescope
Flight | z § I iLh/cosq L, fl L/T, Log , LGS/E"__,
MIL-1-68 | 32° 1217431 | 256437 {17148(1.5040.28 = : -
MIL-1-69 |19° ;195-};18 5206119 ;15%8‘1'3710'20 15945 i1.061.08

o . { i

MIL-2-69 |38

1.134+.09

5224115 §284+__19 16517;}1.7210.19 18747

NIL-3-69 | 0° (234437 | 234437 (1634511445027 | — | =

it |

6.2.2, Flipht—to~flight variations of attenuation length.

Fig. 6.3 and tables 6.1 and 6.2 show variations between flights

in each of La’ Lo’ and LGS' Possible reasons for these variations
include instrumental effects, differences in the local times of

the ascents, differences in local geomagnetic cut—off rigidities
for the different flights and differences in telescope zenith angles,
The fact thet variations show correlation between flights indicates
that instrumental effects are unlikely. Fig. 6.4 compares the two
telescopes and shows that in MIL-2-69 compared with MIL-1-69, both
instruments independently recorded an increase in L(E) for E > 70
KeV, although the increase was relatively more pronounced for

the sctiv> than for the G.S. telescope. There has been no reason to
doubt the corrcct operation of either telescope on any of the

flights concerned here.
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It therefore appears that real physicel variations have been
observed, The geomagnetic latitudes during the ascent phases
of the different flights differed by less than %0 and are not
expected to result in significant effects (see section 7.5). For
example, Soberman (1996) has noted a geomagnetic latitude effeet
in slow-neutron attenuation lengths of about minus 2 gm.cm-z.
per degree increase in geomagnetic latitude. While it is not sugges-
ted that photon attenuation lengths behave in the same manner as
those of mlow-neutrons, it nevertheless appears that a geomegnetic
latitude variation of less than %o is insufficient to provide
an explanation for the data reported here.

Differences in the local times of the respective ascents also
do not provide an adequate explanation. Table 1.4(a) shows that
the ascents of MIL-1-68 and MIL-1-69 took place at night, while
those of MIL-2~-69 and MIL-3-60 were in daylight. Examination of
table 642 reveals a slight suggestion of a dey/night effect in the
values of La’ which are marginally smaller for the night flights,
The values of L0 do not support this suggestion but this may be
due to the fact that the guard count rates are "contaminated" by
cosmic ray interactions and are not due entirely to photons, as is
very nearly the case for the channel rates.

Another flight parameter which may be of importance is the
telescope zenith angle., Table 6.2 shows no obvious zenith angle
correlations. However there are other good reasons to believe that
zenith angle effects do exist, and this topic will be further

discussed in section 6.2.4.
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6,2.3 Differences between the two telescopes.

The discrepancy between the attenustion lengths measured
by the two telescopes has been mentioned. One possible
explanation may lie in the different shielding characteristics
of the two telescopes which lead to differences in the relative
contributions of B1 and Batm' The G.S. telescope count rate
doubtless possesses a greater amount of Bl contamination than
does the active telescope and this may lead to the shorter
observed attenuation length, The value L ~120 gm.cm"2 for very
energetic primary cosmic ray protons (see table 6.4, section
6.2.6? which may contribute to the generation of B1 in the
graded shield material, may support -this idea.

Also the active anticoincidence rates i.e., the collimator, the
well, the low energy (,10KeV), and high energy ( = 180 KeV)
central detector discriminator rates, which reflect the total
cosmic ray background rather than genuine X-rays, all display
comparable attenuation lengths.

An alternative explanation to account for the discrepancies
between La’ L0 and LGS is achieved by means of the Gross

Transformation and is now described.

6.2,4, The Gross Transformation,

The time correlation between La(E) and LGS(E) for E 270 KeV
observed in the two flights MIL-1-69 and MIL-2-69, 5 days apart,
has been remarked upon. The larger change noted for the active
telescope data relative to the graded shield telescope, and the
fact that the active zenith angle changed from 199 to 38° while
that of the G.S. telescope varied only from 30° to 31° leads to

the consideration of zenith angle effects,
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In Pact if there are zenith angle effects, the attenuation

length discrepancies may receivea self-consistent explanation by
means of the Gross Transformstion (Gross 1933, Janossy 1950, Rossi
1952, Hayakawa 1969a). This can be used to relate the counting
rate due to a unidirectional pressure- and zenith-dependent
intensity J(p,z) (as is approximately measured by the active
telescope central detector) to the rete of the omnidirectional
intensity J'(p) meesured by a detector whose response is integrated
over all zenith angles (for cxample the active telescope guard
rates)e It is derived by assuming that the direction of primary
and secondary particles is conserved in all interactions, that
spontaneous decay phenomena are neglected and that the radiation
responsible for the count rate is isotropic at the top of the

atmosphere,

It is acknowledged that there are serious doubts with regard
to the application of the Gross Transformation to atmospheric
photons, since if they belong to the secondary electron-photon
cosmic ray component, multiple Compton scattering would be
expected to invalidate the first assumption above. However, no
a priori assumptions will be made concerning the origin of atmosph—
eric photons in this section. The only additional assumption made
with respect to the application of the Gross Transformation to these
results is that the telescope PHA channel rates end guard rates

are due predominantly to photons.
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If the unidirectional intensity J(p,z) is exponentially
abscrbed by the total air thickness along its path i.e
J(p,z):JO exp (ifbszjz JO eXp (~¥/L)cecesecaabel
then the ocruidirectional intensity integrated over all angles
of incidence in the upper hemisphere is

.
) s 5
J (p) = 2:7] Ipy2z) sin z d z = 277 I € (p/L)....6.2
4]

where Ei (p/L) is the Gold integral, given by

€, (p/L) = pf y 2 oxp (=y/L) dy.
Figure 6.5 compares the aﬁtitude dependence of the vertical
intensity J(p,0)eCexp (-p/L) with the omnidirectional intensity
Jl (p)oc 81 (p/L). The deviation of 81(p/L) from an
exponential shape is small for 1Z<p/L €4 and its form can be seen
tc be approximated by exp (~p/0.77L). Thus the apparent omnidirect-
ional attenuation length i.e. the attenuation length of the active
guard rates is given by

L,~ 0.77L, and so L/L ~ 1.30.
o

Also shown is the theoretical behaviour of the pgraded
shield telescope, which is obtained by integrating over the
telescope aperture sclid angle thus:

J.'(P) =fJ(p,Z) B(2) Q€L sesveercossssacnsscsensbsd,

GS
where R(z) is the ccllimator response fuaction in zenith, and
da.is the solid angle element, which cen be written as df=
constant, dz s since the collimator FWHM in azimuth is very
narrow (50 for MIL-1-69 and MIL-2-69), The telescope axis is
assumed to be at a zenith angle of 34" and the integration is
carried out from z = 0° to z = 680, since the collimator FWHM in

zenith is 34°,
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The values calculated using equation 6.3, are plotted in figure 6e5y
and it can be seen that tho effective graded shield attenuation
length is given by LGS/Lo ~ 1,08,

Comparison of the thcoretical ratios L/Lo'v 1.30 and
LGS/LO'“ 1,08, with the experimental values tabulated in table
6.2 reveeals good agrecement, Both the active and graded shield
telescope results therefore support the Gross Transformation
hypothesis and this implies a zenith angle dependence of the
background attenuation length. A consequence ¢f this hypothesis
is that the vertical attenuation length L = La/cos z, for a given
energy interval, should be invariant during any given flight, and
invariant from flight to flight in the absence of real time
variations. No experiment employing a variable zenith angle has
been flown to test the first suggestion, althoughk other results
have been reported which imply near isotropy for the atmospheric
X-ray flux (Brini et al. 1965). Table 6,2 shows that the suggestion
of £lipht-t6-flight invariance only roughly holds, but this may
be indicative of the occurrence of real time variations. Certoinly
significant differences are observed between MIL-1-69 and MIL-2-69
for both telescopes,

In view of the currently accepted belicef that atmospheric
Xray photons are part of the soft E-component of secondary
cosmic radiation and as such have probably undergone multiple
large angle scattering, application of the Gross Transformation
to the results reported here would appear to be theoretically
questionable. But since photons of these energies are almost

completely absorbed in 5;1Ogm.cm_2 of air, the observed altitude
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dependence of photon count rates in reality reflects the photon
production rate rather than the properties of Xray photon propagation
in the atmosphere. Consequently, the value obtained for L is
determined by the altitude dependence of the photon—producing
interactions and hence of the parent radiations. Therefore the
apparent validity of the Gross Transformation may simply reflect
a zenith angle dependence in the photon-producing radiation.
However theoretical difficulties still exist if as is believed,
the photons are produced by interactions of electrons of the soft
component which themselves bave probably undergone multiple
large angle scattering.

Neveptheless other experimenters have been tempted to use
the Gross Transformation in recent years to explain observational
discrepancies in the altitude of the transition maximum (Peterson
1963, Vette 1962) but have not committed themselves because of
the theoretical objection. I shall make no further attempts here
to theorctically justify its use and shall simply point out that
these results and certain results obtained by other workers
indicate that its use does have some observational justification.
6,2,5, Comparison with other experiments:

Comparatively few investigations of atmospheric X-ray
photons in the pressure range 200 < p & 700 ‘gm.cm'"2 have been
published in the literature (Jones 1961, Anderson 1961, Vette 1962,
Peterson 1963, Rocchia et al 1965, Brini et al 1965, 1967, Haymes
et al 1969, Frost et al. 1966). These measurements were made with
a variety of experimental'bcﬂniqnea; at different energies, using

different zenith angles, from different opening solid angles,
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various shielding configurations, from many geomagnctic latitudes
and at different times in the sclar cycie; As a result care must
be exercised when making comparisons.

Table 6,3 lists experimental attenuation lengths obtained
by different workers under this multiplicity of conditions.
No attempt has been made to correct measurements to vertical
attenuation lengths but the opening solid angle is tabulated to
indicate the type of measurement. In the column (Sh) describing the
type of shielding, the letter P denotes the active rejection of
charged particles with or without a phoswich system, U represents
a completely unshielded detector, L denotes lead collimation
and A actively collimated and shielded. The height of the
transition curve maximum is also tabulated (sece section 6.3).
4n omnidirectional detector is denoted by a 47y steradian solid

angle.

Table 6,3: Experimental photon attenuntlun le1gths.

Ge%m. 30114 Enerpy - tt. Depth of é
Z [ange ength ans. maxp

Reference  (geg) (deg) (stor) (KeV) (gm.cn”2) (e o2y

Jones 41°N 0° ~0.5 P,L 250-10% 163 60=T0

(1961)

Vette 40.5°N - 4 U 2521060 163 70

(1962)

n i = n n >1060 163 55

Peterson 55°N - 47 P 37-75 ~170 90

(1963)

1 h . n n 511 185 90

Rocchia A7°N - ATr U 511 180 95

et al (1965)

In n - " U 100-1500 170 100

1 1
i ]
|



Table 6,3+ (cont)
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=y

Geom. Z Solid Energy Att, Depth of

Reference lat(deg)(deg) &nple Sh, Range length_,Trans. Mgx

(ster) {KeV> (gm, cm, ) (gmem’
Frost 55°N 0° ~1 A&  >300KeV 170 50
et al (1966)
" " - ATy U >50KeV 180 30
" " - 417 U 33.5MeV 165 100
Brini 45°N 0°  0.46 P,L 20-200 165 100
et al(1967)
Haymes (1965) 41°N - 4T P 470-3.5MeV 18645 90
Cline(1961) 55°N - 47 ~50MeV 180 180
Duthie 40°N 0°  Vert ~100MeV 180 180
et a1(1963) (Spariz Chamb)
Okudaira 26°N - 4T P S1.2 MeV 195 100
et al (1968)
Kondo et al ~20N - 4™ P 1-30MeV 190 100
(1968)

o 0,y * #* '
Haymes et al 41 N ~45 ¢)~0,15 A 50 130 58-92
(1969) ind ‘of
energy

~0,15 ~T5 160
*Approx. values are ~0,15 ~120 180
read off graphs.

~042 ~150 160

042 ~180 135

~0.3 ~ 300 110

~0.6 ~400 115

~1,0 ~500 140
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The wide divergence of individual results is obvious.

In particular, the L values of Haymes et al., will be s;stematically
~10% smaller than other comparable values owing to the fit to
their data of en exponential-plus—background function (i.e.

i+B exp("T)) rather than a pure exponential function (4 exp(d%))
as is usuﬁlly done by workers in this field. The r emaining
discrepancy between their values and those obtained from the
Adelaide active telescope is perhaps the most serious . -

in table 6.3 since of all the instruments tabulated, theirs
should be comparable most directly with ours. Their only zenith
angle information is that jt is "often but not alweys ~45%n,  If
7 = 45° is taken and the correction is made to a vertical
attenuation length, their table 6,3 values are raised by ~40%
end come close to the active telescope L values.

Little more than this can be said since owing to the
impossible complexity of normalizing each result to a standard
set of experimental circumstances, direct comparison cannct be
validly mede,

6.2.6 Other‘radiaticns:

In attempting to find the origin of the atmospheric X~-ray
spectrum, previous workers have compared their measured L values
with the attenuation lengths of various other cosmic ray components
at the same geomagnetic latitude,some of which are listed in
tzble 6.4, Vertical (V) or omnidirectional (0) values are

indicated.
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Table 6.,4: Attenuation lengths for cosmic ray componehts.

Component ! Geomag. ; V,0i Att. 1eng§h . Reference, K
lat. | (gm.em °)
Total cosmic rads | 45° v 200 Hayakawa (196%a)
" 245° v {190 Rossi (1948)
n 0° vV | 220 Rossi (1948)
Soft component 45° v 160 Hayakawa (1969a)
" 45° v |123 Puppi et al (1952)
" %5° v |150 Rossi (1948)
n 0° v | 160 Rossi (1948)
N 55° 0 160 Peterson(1963)
Components of softs
electrons fromn’s |45° v 130 Hayekawa (1969a)
electrons from
Knock—on and decay o
processes of nuons |45 v 280 "
soft muons 45° v {210 n
soft protons 45° v 110 n
electrons £10 GeV |50° vV {150 "
low energy muons 50° v 300 Hayekawa (1969z)
gammas, 0,3-10TeV |? v 110 "
slow mesons 45° v |230 Rossi (1948)
Hard component 45° v 300 Hayakawa (1965e)
" 45° vV 340 Rossi (1948)
L 0° v |aco Rossi (1948)
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s ey
Component | Geomag V,0| Atten_%ength Reference
lat ghn.cm |
Nucleonic comps |
Relativistic (. o
nucleons | 45 v 120 Hayakawa (196% )
low energy o
nuclearactive 345 0 138 Rossi (1948)
Fast neutrons, o
1-14 MeV 41 0 169+13 Haymes (1964)
Slow neutrons, =
<500KeV 0 0 212 Simpson (1951)
n 10.1° 0o | 212 Soberman (1956)
" 19° o | 206 Simpson (1951)
" 30.4° o | 196 Staker (1950)
n 0 .
| 40 0 181 Simpson (1951)
B 51° o | 156 Yuan (1951)
" 5541° 0 | 164 Soberman (1956)
n 69° o | 162 Staker et al (1951)
v 88.6" 0 | 164 Soberman (1956)
Fenetrating showers 530 v 118 Tinlot (1948)
" 38° v | 123 Fretter (1949)

It is interesting to note the conclusions of others with

respoct to their photon results when faced with the bewildering

array in teble 6,4, For example, Jones (1961) concluded that the

atmospheric photon component was directly produced by the nucleonic

component since his L value was more in line with slow neutron

values than with the soft component results of Puppi et al (1952),

123 gm.cm-z.
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However, other soft component measurements show values of 150
to 160 gm, cmnz, very close to Jones' results, Had he used these
results for comparison, he would have found the choice between
slow neutrons and the soft component very difficult to make,
As another example, Peterson (1963) obtained about 180 gm.cm"z,
compared it with the value of ~ 160 gm.cm_2 for an omnidirectional
Gt counter measuring the soft component, and concluded that
photons are associated with the electronic component. On the
basis of attenuation lengths alone it is of course equally velid
to conclude that photons are associated with the low enerpgy
nuclecnic component,

Haymes (1964) obtained 18645 g;m.cm"2 for low energy
gammas, barely greaterstetistically than the value 169+13 gm.cm"2
obteined in the same experiment for fast neutrons, and concluded
that the two components probably were not associated. He then
procceded to connect the gammas with the soft component, when
by the same reasoning its attenuaticn length of 123 gm.cm'-2 or
even 160 gm.cm-z, makes this even less likely than the association
with fast neutrons. Haymes ct al (1969) found a large variation
of photon atienuation length with energy ranging from 110 to 180
gm.cm_2 between 30 and 570 KeV. Upon averaging these, they
obtained a value closer to the soft componentts 123 gm.cmm2 of
Puppi et al than to the fast neutron value of 169 gm.cm-z. The
conclusion was then reached that the photons most likely have an
electronic origin rather than nucleonic, even though (i) three
of the sixteen plotted L{E) points were closer to 169 grm.cm-2 than

to 123 gm.cm_2 (no error bars were given on these points);
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(ii) they used an exponential-plus-background fit function to
determine L, which gives a value about 10% smaller than does
the pure exponential which has been used by all other workers
for all other radiation components§ and (iii) other soft component
measurements give L ~150 gm.cm-z.

It therefore scems that spurious arguments have occasionally
been used with regard to using attenuation lengths to associate
atmospheric X-ray photons with the electronic component. Also
in only a few cases have there been simultameous- measurements of
the attenuation lengths of photons and other radiation species.

It istherofore concluded that there is in fact little obscrvational
evidence to connect photons with the electronic component,

From the theoretical viewpoints of production mechanisms and total
cosmic ray energy balance considerations (Puppi 1956, Vette 1962)
it does seem the most likely hypothesis. However it is clear that
radiation attenuation length comparisons are not of major
importance in the support of this hypothesis.

6.3, The Transition curve maximum (p-v100gm.cm_2).

Another property of the atmospheric photon intensity which
mey be of help in determining its origin is the depth (pmaxgm.cm_z)
at which the Pfotzer maximum occurs in the transition curve,

As in tho case of L peasurements, the experimental configuration
is agein important, since if the Gross Transformation is valid,

an onnidirectional measurement will yield a maximum at 2 smaller
depth than will a vertical flux measurement. When this is
considered, comparison of photon results with those of other

radiationcomponents will hopefully give a clue to the photon source.
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However, this method experiences the seme difficulties as do
L comparisons and the results too are somewhat inconclusive.

63,1, Results:

The values of Prax? without any corrections to Z=0°,
obtained on each flight are listed in table 6.5. Uncertainties
are typicelly about ¢ 20 gm.cm_z.

Table 6.5: Transition maximum altitudes (gm.cm_z).

—

Flight | Active I P L | &9 telescope

max | max !
Energy Range (FHA) (Guard avg) (40-125 KeV)
(KeV) P
max
MIL=-1-68 |27-167 110 90 -
MIL-1-6% [12,7-142,7 130 110 140
MIL=2=69 (12,7-142.7 100 80 100
KIL-3-69 [20-90 140 100 o
90-150 110

These results are in general agreement with those of other workers
(table 6.3).However significamt differences are apparent, especially
between MIL~1-69 and MIL-2-69, as was noted for the L value
determinations. Also the energy dependence of Prox obtained

for MIL-3-69 is not apparent in the cther flights. In addition

P

—_ for the averaged guard rates is consistently smaller than

for the nearly unidirectional active PHA rates as would be expected
from absorption varying as exp (-p/L cos z)e. The G.S telescope
results however tend not to agree with this expectation since they
group with the active PHA values rather than those of the active
guards, This apparent disagreement, if indeed it is a disagreement

since statistics are poor cannot be explained within the framework

2
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of the Gross Transformation hypothesis.
6.3.2, Discussion:

Values of Prax obtained for cther cosmic ray components
appear in table 6,6.

Table 6,6, Transition maxima for cosmic ray components.

" Component ; Geomag | 0,V | P Reference, ;
| 1at L (-
(gm.cm )
Soft 45° v 200 Puppi et al (1952)
Soft 550 0 50 Peterson (1963)
Soft Midlat |O 70 Milliken et al(1944)
Electrons 69° |v 150-200 Meyer and Vogt(1962)
Charged B
particles 40 A2 130 Duthie et al(1963)
Fast
neutrcns, o
1-14MeV 41 0 95 Haymes (1964)
Slow
neutrons 0
(¢ 500KeV) |10.1 0 120 Soberman (1956)
g 30.4° |0 110 Staker (1950)
L 55,1° |o 100 Soberman (1956)
" 69° 0 90 Staker et al (1951)
n 88,9° |0 75 Soberman (1956)

The variations evident in table 6.5, together with the
variety of results in table 6.6, enable photons to be associated
with practically any cosmic ray component if only Prax comparisons

are made.
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Values of Prax, 85 are those of L, are thus unreliable
H

indicators of the generie relation vf etmasphoric Xray photons

to cosmic rays and any conclusicns reached by such means cannot

be taken too seriously,

6,4, SUMMARY:

The results presented show differences between flights of
the order .of 15% in'XQay attenuation lengths L in the athSgheric
dépth intorval 200<p & 700 gu.cm 2. There is only a small
encrgy dependence in L fo£>energies 10 <E-<180 KeV.

Good evidence exists that at thesc depths either the
photon intensity itseilf or the photen-producing radiation
possesses u zenith angle dependence. This is so because of the
émpirical fact thet the Gross Transformation is found to provide
a good explanation of the observed numerical relationships between
L values for the active telescope energy channels, for the
active guard rates and for the graded shicld telescope energy
chann?ls. However the theoretical velidity of the Gross Trans—
formation when applicd to secondary photons or electroms at such
large atmospheric depths is questionable,

Comparison of photon attenuaticn lengths obtained here with
those of other workers should be mede with care since L has beeﬁ
shown tc¢ be a function of cnergy, the éetector configuration, menith
angle and detector acceptance solid angle and possibly of time,
Since the active telescope of this oxperiment: is belicved to
possess supcericr background rejection characteristics and has a

smell eollimator opening angle, it is believed to give the most
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comprehensive results to date on directional X-ray fluxes in the
atmosphere,

Comparison of photon attenuation lengths and Pfotzer maximum
heights with the corresponding values of other atmospheric
radiations does not appear to be a reliable method of determining
the generic relationship of photons to the secondary cosmio

radiatione
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CHAPTER 7T ATMOSPHERIC X-RAYS, IT

7.1 INTRODUCTION

This chapter is basically a continuation of chapter 6.
The atmospheric traasition curve will be examined for p‘QIOOgm.cm-z,
an important region for the determination of the diffuse cosmic
Xiay spectrum.‘ The spectral form of atmospheric Xrays will be
examined as a function of depth, time variations in background
cheracteristics will be further pursued and mention will be

made of geomagnetic latitude variations,

-2
1.2 THE EIGHEST ALTITUDES (p <100 GM.CM ).

The channel 3 transition curve obtained during the ascent
of the flight MIL-1-68 has been shown in fig. 6.1. The corresp—
onding curves for other channels are given for comparison in
figures 7.1 to 7.5, In fig. 6.1 the approximate background
contributions Bloc ( = Batm+Bl) and Bcos are indicated where
Eloc is the loczl heckground due to X-rays of atmospheric origin
(Batm) and to the leakage background (Bl) which entors un-—
detected through the telescope shieclding. These components
are described more fully in chapter 6.

The evaluation of the cosmic background component Bcos
at depths less than about 10 gm.cm_2 is dependent upon its
effective separation from the local backgroupd. For channel 3
this separation would not appear to be difficult, However in
the other channels the relative contributions of Bcos are
considerably smaller owing to the form of the diffuse background
spectrum and the spectral response of the telescope, and it

is importent to make the best cstimation possible of the local

background,
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This has been accomplished by the least-squares fitting
of an appropriate function to the total background deta points

i . ~2
(Btot) in the depth interval 10£p 70 gm.cm., where By =

‘B +B ~ B . This least squares fit function is
loc cos loe

then extrapolated to balloon float depth to give a value there

for B « Upon subtraetion of B from the total background

loc loc

rate, the cosmic component is obtained. This analysis

procedure has been followed using the data from the flights

MIL-1-68 and MIL-3-69,.

Te2,1 Transition curve, 10<p <70 gm.c m-z.

Three different functional forms Pj(p,E) have beenfitted to date
from MIL-1-68 and MIL-3-69. These have been respectively
linear, (j=1, sce equation 7.83) power law (j=2) and logarithmic
(j=3) count rate functions of pressure (see equation.7.3),"The linear least
squares method described by Wolberg (1967) was used in all
three cases and the computations were done on the CDC 6400
computer at the University of Adelaide. The goodness of each

type of fit was evaluated for each energy channel by computing

N 2
2 R(p.} - F (p;
ey Gmeged

V(R(p,))
i=1
where R(pi) is the count rate at pressure pi, V(R(pi)) is its
statistical variance, Fj(P' ) is the fit function value at P;
bt
and N is the number of data points. In the case of MIL~1-68

data points for 10<p « 70 gm.cm?2 were used.



140

For MIL-3-69 the float depth was greater (4.5 gm.cm"2 as
compared to 2,7 gm.cm_2 for MIL-1-68, see table 1.4a). 4s a
result the local background was considerably larger (see fige
7.9) and & rather less reliable cosmic background determination
could be made. Consequently it was resolved to use this data
to examine in detail the Bloc extrapolstion-to-float procedure

end in particular, determine which form of count rate vs depth

function was most eppropriate.

To do this the estimated cosmic background, Bcos’ was
subtracted from the total background data points Btot in the
interval 4.5L p L 10 gm.cm—z. The difference data were

simply wvalues of B which provided additional points for the

loc
least squares fit proceddre. By using data from the depth
interval 4.5 pg<70 gm.cm—2 it was hoped to obtain a better
determination of the fit function than could be obtained using
the smaller number of points from the interval 10 £p< 70 gm.cm-zo
The cosmic background spectrum used to calculate Béos
followed the results of Seward et al., (1967) who obtained a
power law with spectral index a 1,6 between 4 and 40 KeV, and
the results of Bleeker et al. (1970a) who found an index of
~ 2,5 between 20 and 220 K¢V, The exact magnitude and location
in energy of the index break is still the subject of speculation,
but for the present purpose it is assumed to be at 38.1 KeV,
almost at the boundary of channels 2 and 3 for MIL-3-69,
Normalization at 38.1 KeV led to the adoption of the following

spectrum (photons cm-2sec-1ster—1):
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9 E'%E, E <38.1 KeV.

N(E) 4E = sececseeTel
244 E 22 aB, E>38.1 KeV,

The telesgope response to this spectrum was calculated for
4,5<£p<10 gm.cm.-z using equations 3.6 and 3.8, the results
for channel 2 (29.4 to 39.1 KeV) being presented in fig. T.6e.
The inadequacy of using MIL-3-69 for a cosmic background
spectral calculation can be seen from the fact that Bcos <L Btot,
even in channel 2 for which the expected response is greatest
(see fig T«9)s The computed telescope response was then
subtracted from the total background in cach energy channel
and the least squares fits applied to the data in the depth
interval 4.5Lp< 70 gm.cm._z. For comparison, least squares
fits were also made to the data 10<i><70 gm.cmfz, since extra-
polation to float of these fits is the usual method of determining
Bcos experimentally.

Linear, power law, and logarithmic functions were used

as trinl fits to the data. The functional forms were

P, (p,E) = A(E)p + B(E)
F2 (P’E) = A(E)P B(E) essssasssselel

where the parameters A(E) and B(E) were determined by the method

of least squares for each channel (Wolberg 1967).
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The goodness of fit of each of these functions in each energy
channel can be examined by reference to table 7.1(a) in which
best fit values of X% (j = 1,2,3, see equation 7.1) are compared.
Fits to both the 4.5 £p<T0 gm.cmm2 data and the 10 <p <7Ogm,cm-2

data are considered.

Table T.1(a)s Fit functions, p <70 gm.cm_z. IL-3-69

4,5 £ p<70 pgm.cm_ 10 €£p<70 pm.cm“g___‘i
© Range Deprecsxt B % g 2 % %
(KeV) [Freedom : Freed
O  1048=19,7 |10 14,03 8.17 7.83 |3  0.43 "Qs30 0,30
1 19.7-29.4 |10  15.44 13,02 16.17 |3  1.68 1.32 1,05
2 29,4-39.1 {16 29,53 16.02 16.38 |7  15.23 11.90 1024
3 39.1-48.8 |16  34.25 26.47 30.27 [ 7  17.55 15.70 13.59
4 48,8-58,5 |16  21.87 11.60 15.30 [ 7  4.79 2.58 2.02
5  58.5-68.2 |16  18.34 11.86 14.66 | T  4.64 5.54 6459
6  68.2-TT.9 |16  35.04 17.49 11.79 |7  9.69 8.29 7497
T  T7.9-87.6 |16  27.09 17.44 13,98 |7  2.82 2.11 1.93
8  87.6-97.3 |16  16.39 18.91 22.34 |7  11.94 12,08 11,99
9  97.3-107.0 {16  18.66 19.08 19,36 | 7  8.86 9.62 8,97
10 107.0-116,7 16 9.43  6.41 TJI8 [T  5.60 4.32 4,00
1M1 116.7-126.4116  15.21 13.43 14.33 |7  7T7.41 8.21 8,08
12 126.4=126.1| 16 16.21 14,48 21.44 (7 5.59 6.34  8.27
13 136.1-145.8{16  19.50 11.60 11.31 |7  3.70 4.88 4,67

In table 7.1(b) the data are grouped into 3 lots of channel
sums: (a) channels O and 1, (b) channels 2 to 8, and (c)
channels 9 to 13, The average value of ‘JL? per chennel in each
group is conputed and the corresponding 152 probability is

tabulated.
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Concerning tables 7.1(a) and (b):
(i) All three functional forms can be made to provide

reasonable fits to both sets of data,

Table 7.1(b) _Lumped channel averages of x? values,

A5 € p <- p <70 | o < ,e.-. < 70
[4
Channe] group| No . No
e, X6 laee @ € 2 lheg. 2 2o
Probebility free- free-
dom dom
Average, 0-1 10 14,73 10.9 12,0 3 1.05 0.81 0,67
Probability 0.15 0,38 0.29 0.75 0,85 . 0,90
Average 2-8 16 26.07 17.11 17.81 7 9+52 8.31 7.76
Probability 0.06 0.38 0,35 0.20 0,30 035
Average, 9-13 |16 15,92 13.00 14.76 7 6423 6.67 6.80
Probability 0.48 0.68 0.55 0.50 0,45 0.47

since the probabilitieg corresponding to the average values of
‘X, per channel lie within the range 0,05LP X 0.95.

(ii) The power law provides the best fit to the 4.5 <
p<T70C gm.cm—'2 data, with the logarithnic function only a little
poorer. The linear function gives a fit whose quality shows
rapid improvement in the high energy channels.,

(iii) As would be expected there is less difference between
the probabilities of the three different fits to the data 10<&

p<LT0 gm.cm-z, since there are fewer experimental points to

define a fit., Once ngain the improvement of the linear fit in

the high energy channels is apparent.
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Te2q2s Extrapolation to _balloon float depth.

In view of the uncertainty involved in the choice of fit
function, it is of interest to see with how much reliability the
different functions extrapolate to float depth. Since in what
follows in chapter 8, the fit to the data in the depth range
10<p<T0 gm.cm?2 will be extrapolated to float, we wish to
examine the agreement, especially at float pressure, betweens

(1) +the curve of best fit for 10<p<«70 gm.cm'.-g and

(2) the curve of best fit for 4.5 Lp <70 gm.cm'.'f
using the MIL-3-69 channel 2 deta from fig. 7.6. These two
curves, a logarithmic function for (1) and a power law
for (2) (see table 7.1(2)) are compared in fig, 7.7. Also
plotted is the power law fit, curve (3), to the 10 & p&L 70 gm.cm"z.

dotoe

It can be seen that the logarithmie function gives a
progressively poorer extrapolation as float is approached,

compered with the actual variation of B s which is closely

loc
described by curve (2), The logarithmic function thercfore

is rather unsatisfactory for the purpose of predicting the float
value of Bloc' The power law fit (3) to the 10< p<70 gm.cm-z,
date has only a marginally smaller x? probability and is seen

to result in an extrapolation-to-float valuc which is in much

better agreement with the calculated form of Bloc'
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The float extrapolation value B1oc (oxtrap.) for each
-2
type of best fit function (10<p <70 gn.cm ) is compared

with the calculated float value of Bloc ( = Btot - Bcos) as

a function of energy in fig. 7.8. The residual

RJ.: (Btot_BcoS) —(Bloc(extrap))j, j=1,2,3,

is plotted against energy for cach fit Fj (j=1,2,3).

Examination of fig. 7.8 shows that although the errors
on each Rj are large the residuals R2 corresponding to the power
law f£it provide the closest agreement with the calculated
value of B100 over the complete range of energies from 10.8
to 145.8 KeV, and positive and negative values appear with
almost equal frequency. In contrast, the logarithmic fit gen-

erally has residuals R, of larger magnitude and mostly of positive

3

sign, indicating that F, gives less reliable results and

3
further that extrapolated values thus obtained may be

systematically smaller then the actual values of B

loc

The linear fit F'1 behaves in the opposite fashion, yielding

a majority of negative residuals R, which indicate a systematic

1

overestimate of the float value of Bloc' However it is to
be noted that for channel 8 and above, the residuals R1 become

very close to zero, and that

1

W

13 2
s [r @s)] ~
i=8 1 L i

s L&, (°Ei)] 2

where AEi denotes the ith energy channel,.
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The lineer fit therefore rivals the power law at higher
energies in giving an extrapolation-to-float in close agreement
with Bloc' However at the lower cnergies, the power law is
clearly the better choice,

Further observational evidence in support of this apparent
energy dependence of the type of fit function, will be presented

in chapter 8 using the data from the flight MIL-1-68.
7s2+3 Discussions

It is thus concluded that from about 10 to 150 KeV, the
powver law probably provides the best fit to the count rates
as & function of residual pressure for p <70 gm.cmf? while
the linear fit is also satisfactory at the higher energies,
Although the logerithmic fit has a comparablefX? probability
in the interval 10<p <70 gm.cm':? it gives an extrapolation
into the region p<10 gm.cm':2 vhich lies considerably below

the expected variation of B with pressure.

loc
Blecker et a2l. (1966, 1968, 1970a) and Kasturi Rangan et al.
(1969) found that power law fits to their data provided the
best extrapolations to float depth. Bleeker et al. (1970a)
found their power lew exponent to lie between 0,30 and 0,40
and to be independent of energy and geomagnetic latitude.
Nothing can be said of the latitude dependence from our results
but the exponent value of MIL-3-69 is approximately energy
independent with an average value over all energy channels of
0,32 for both sets of data (a) 104p <70 gm.cm-.'2 and (b)

4,5<p <70 gm.cm-.'2 The MIL -1-68 date also yield an average

exponent of 0,32,
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A power law is also consistent with the data of Riegler (1969}

although this author preferrod to use the function
F(p) = A exp (- E) - B exp ( d%).

1t is not consistent with the data of Brini et al (1965) who
used F(p) = 4-B exp ( - bp), or of Peterson (1967) who used

F(p) = AP+B' It is also at variance with the theory of electronic
cascade showers resulting from T? decay, which predicts a

linear variation (Hayakawa 1969a).

7.3 ENFRGY LOSS SPECTRA.

e e e tatietet

The uncertainties involved in applying corrections to
individual channelrates to derive an absolute atmospheric X~
ray spectrum have been mentioned. Hence the spectral results
presented in this section refer to active telescope pulse
height distributions (or NeI(T1l) energy loss spectra)
rather than to absolute photon intensities. Conclusions can
however still be drawn,

74341, Pulse Height Distributionss

Fig 7.9 shows energy loss spectra observed during MIL-1-68
and MIL-3-69 at different atmospheric depths (slant depths
for MIL-1-68), The ordinate is counts per 64 frames (64 frames
= 256 sec) per energy channel, There is reasonable agrcement
between the two flights at low altitudes but with increasing
height a dramatic intensity difference becomes epparent in the

energy range 20< E <80 KeV.



COUNTS PER 64 FRAMES PER CHANNEL

i O SR T M 5 - |
I | i P l I I T (R PN S I JEER I I | T R SR [ l R |} | PSR el SO A 2| ] | l ] | 1 ) | ]I 7] 1[ 1 T  EEATE B e O | rl g I T I | (AR BT A e II
L, £ o
610- 435 I | —F— ' 75 : 4 g s
1000 |— -435) wool b2 { 320- 215 T 1000 165110 72-56 : 35-27 148 -10.5 ' ;
: o= - gm cmi? S e P "‘I‘* 00— g 7 “{'* o e ‘2 | w000 e A S % g
8 e B gm c ¥ m cm - 3 =2 1 1000— & —
et il : 16 : e [ : e : gl : il e 2k 2 | 1
# i : - - 5 el e~ ol
<:> i e -
[ 563-485 L 294 - 248 & 5 B - pl
=2 i = 142 -117 71-615 9= 5
: R . e S o e en 2le e e
; MIL- 3-69 < MIL-3-69 # ML~ 3 -69 g MIL -3 ~69 # MglL—3-69 B 'v:o“?_:—g:wgr: 5
< : < - < i - ; : _
i g 4 £ o~ _
<> - ‘ 3 ; = : - : .
: o g o @ . ’
- :— O 100 — . 100 — s O 100— 100— 100 |— e e
- g Xar I H R H I % <><> i — < ]
- HIT Y j AT o : P - 0 : ;
“ <:::> 5 H i - i - v - 3 <>g> i '%E1494<> :
B <C:> i - ¥ : <::£> : “i* r{1}:f<> : F¥+§igé> i
i T{? | > : '}:@ Calculated Cosmic -
‘ :% # . 8 L. ¥ Background Contributions . B
# L s ey
<>—-{f—-4 s i i 2 : MiL-1-68 ! 1
< '
"O | S 0 1 | | T :MIL-3—59
1 11
10 00 L 0 L 1 1""'100 lll‘0 1 Lo bbb £ b i N, <loe 1 00 T Ll 1 S W Vo ) Ill‘ 1 ROl Sl G AT
KeV ey _ 100 10 100 10 100 10 100
KeV KeV KeV KeV
Fig. 7.9 Energy loss spectra for MIL-1-68 and MIL-3-69
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Since the two results come from the same detector whose
spectral response function (equation 3.6) was essentially the
same for boih flights and whose correct operation on both
occasions has been verified, it is apperent that a real time
veriation occurred in the radiation environment from which the
telescope background originates. Spectra from MIL-1-69 and
MIL-2-69 are in close agreement with the MIL~3-69 results.
Comparison of G,S. telescope backgrounds betwecen the flights

MIL-1-68 on one hand and MIL-1-69 and MIL-2-69 on the other,

is difficult since the detector opening solid angle and also the
shielding efficiency were different.

Environmental conditions during each flight are tebulated
in table Te1.(b) and the 3-hourly KP indices do reveal a
greater geomagnetic disturbance for MIL-1-68 than fof the
other flights, However a local geomagnetic rigidity change of
even cexceptionally great size should be quite unable to produce
the observed difference in background intensity of about a
factor of 5, Comparison of the active vwell rates for the two
flights reveals little difference (fig. 7.10), a fect which is
difficult to reconcile with any hypothesis of real time variations
of atmospheric radiation. The presence of radioactive debris
as fall-out from nuclear weapon tests is such a hypothesis. The
intensity difference observed in fig. 7.9 ttus has not yet

been satisfactorily explaincd.
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For E €20 KeV and E %100 KeV the intensity agrees well
between flights but at intermediate energies and at pressures
between 300 and 10 gm.cm.—z, the MIL-1-68 pulse height
distribution is almost flat, while that of MIL-3-69 closely
follows & power law dependence of the approximate form E "
where nw~1.1 for 100Lp £ 300 gm.cm?? and na1.3 for
445 g pg100 gm, cm:? implying a softening of the atmospheric
X-ray spectrum at the highest altitudes.

The low MIL-1-68 background, coupled with the small residual
pressure at ceiling altitude (2.7 gm.cm_z) made MIL-1-68 an
ideal flight from which to examine the cosmic diffuse background,
and this will be described in the following chapter. 4t float
altitude the intensities on the two flights show closer agreement,
presumably due to the greater contribution of the cosmic diffuse
background Bcos to the MIL-1-68 counting rates. The relative
contributions at float altitude of Bcos in MIL=-1-68 and MIL-3-69
are shown in fig 7.9.

Tedp2. Spoctral colour indices:

The apparent background spectral softening at depths <100
-2
gmecm remarked upon above, is seen to better advantage by
defining colour indices (Haymes et al. 1969).

. . .. Ve define the following indices:
s 15
= ézl FP.(
O((F) iz2 \7 P) / ’FZ; RI(F)

8 5
mi-ead PP =L Rp /3 Rep
1 iz9

=5

|
L = ‘i R/ i Ryp



15
13
1=9

A
MIL-3-¢6© x(P):Z R/
=1 0
B

13
R,‘(P)
? 13

=% /// £
pp? & Rip %z; Rip>
where Ri(p) is the count rate in the e energy channel at

residual pressure p gme.cCh.

The pressure variation of these indices is plotted in fige
7.11. The spectral softening at high altitudes is evident in
both flights and is supported by results obtained in the other
flights for both the active and graded shield telescopes. The
degree of softening is almost independent of the cosmic diffuse
background contribution and for MIL-3-69 the effect has been
estimeted to be less than 6%. The observed spectral softening
is in agreement with the results of Vette (1962) and Haymes et
al. (1969).

7323, Specctral structure,

Very little structure is seen to be superposed upon the
spectral continuum of fige. 7.9. The most distinctive feature
appears at the lowest altitudes at about 80 KeV and has not
received on explanation. There is also a suggestion of an
enhancement above the continuum level between about 50 and 60
KoV but this is not statistically significant. If it is resal,

a possibility is that it rosults from the inelastic scattering

of fast (1 to 10 MeV) secondary neutrons by 127

nuclei in the
NaI(T1) erystal, since a deexcitation gamme ray has been

observed at about 60 KeV in laboratory scattering experimente

(Van Loef and Lind 1956).



Fig, 7.11 Pressure variation of spectral colour indices.
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No other 1127 deexcitation lines would be observed in fige. Te9
as they lie at energies greater than the energy interval analysed.
There has been speculation as to whether these higher energy
lines have been observed by other ballonn experiments (Chupp
et al 1967, 1968, 1970, Haymes et al. 1969) but no satisfactory
conclusions could be reached. Theoretical calculations argue
against a significant effect of this type, as is the case for
thermal neutron capture effects also (Vette 1962). Neutron
interactions with air molecules e.g. (n, ¥ ) capture reactions
and inelastic scattering are also thought to be insignificant
(Peterson 1963),
There are other possible origins for the existence of
atmospheric gamma ray lines. For example, Frost et a1(1966)
have reported observing at high altitude a line at 660 KeV and

attribute it to the contamination of 08137

in nuclear fall-
out debris. Chupp et al (1967) have also been led to believe
that such fission products are instrumental in producing line
sources of gamma rays at balloon altitudes. There is also the
possibility that lines may result from interactions of cosmic
rays with the detector shielding masses.

The uncertainty evident in these spectral measurements
can only be resolved by performing experiments with much

improved energy resolution using, say, Ge(Li) detectors

(Womack and Overbeck 1968).
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7.4 TIME _VARIATIONS:

Flight-to-flight variations of certain characteristics of
the atmospheric radiation environment have been described already.
Examples have been attenuation lengths for 200 < p< 700 gm.cmzz,
altitudes of transition maxima, and background pulse height
distributions., Cne peculiarity which has not yet been discussed
and which has appeared during the flights MIL-1-68 and MIL-3-69
only, has been a count rate increase in the low energy channels
at depths of 28 + 5 gm.cm.-z, corresponding to a time interval
of ~10 minutes. JTn MIL-1-68, channel O was subject to register
overflow problems which led to some ambiguity in the determination
of the transition curve, However, the dato for the channel 1 are
to be seen in fig. 7.1. The channel O count rate for MIL-3-69
was not great enough to cause overflow problems and the results
for it and channel 1 are shown in fig. 7.12. Some of the higher
energy transition curves for both flights also suggest this
feature but at a statistically insignificant level (see figure 6.1).
There was no significant effect in the active guard rates (fig. 7410),
The possibility that the variations resulted from corona discharge
in the central detector FM tubes can be rejected since vacuum
testing performed prior to each flight failed to find any such
malfunction,

The only radiation for which a transition maximum has been
observed at about 30 gm.cm-2, is the secondary neutron flux
resulting from the interactions with the atmosphere of energetic

(2100 MeV) solar flare protons (Smith et al 1962, Lingenfelter
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and Flamm 1964, Greenhill et al. 1970), This offect is only
observed during solar proton events.

Haymes (1964) observed:sharp time-correlated intensity
increases for both fast neutrons and gamma rays (gammas 0447 to
3,5MeV) while at a ceiling altitude of 4.7 gm.cm.—z. No good
explanation could be found for these variations since no solar
flares of greater than importance 1 were reported and the geomagnetic
field was quiet. Haymes et al (1969) also remarked that events
as small as subflares may produce sufficient hard radiation
to cause secondary photon intensity variations at balloon
altitudes,

There was little solar activity and no solar proton events
which correlated with MIL-1-68 or MIL-3-69. Consequently if
the time variations are solar-controlled, they must be associated
with small events such as subflares, as suggested by Haymes
et al (1969), Further since the above-mentioned neutron data
were taken during the solar proton events, there are no grounds
for identifying the observed X-ray time variations with neutron
effects. No sipnificant background time veriations were observed
while the balloon floated at ceiling altitude during either
flight,

7.5 GEOMAGNETIC LATITUDE VARIATIONS:

Since the prevailing winds at ~ 4 gm.cm-2 above Mildura
are cither ecasterlies or westerlies, little variation in geomagnetic
latitude occurs for the balloon during a typical flight. For
example, Mildura has a geomagnetic latitude of 44.008, with a
rate of change of 0.1° per degree of geographic longitude (Finch

and Leaton 1967).
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Hence a traverseof 240 miles »r 4° of longitude to the east or
west results in a geomagnetic latitude change of ~ 0.5° implying
a change in cut—off rigidity of ~#0.5 Gv. In view of this

small variation, no attempt has been made to determine the dep=
endence of atmospheric Xray intensity upon geomegnetic latitude.
Other results have been given by Bleeker and Deerenbeg (1970a).

To6 CONCLUSIONS:

It has been shown in this chapter that:

(1) Lincar, power law and logarithmic functions of pressure
are all good approximations to the atmospheric background
(Bloc) transition curves in the pressure interval
10<p< 70 gm.cm_z. However for p <10 gm.cm_2 the
logarithmic fit appears to extrapolate to values which
are too small. With respect to extrapolation the power
law is the most satisfactory over the complete energy
range and there is evidence to believe that the linear
fit is acceptable at the higher energies. However its

low energy performance is not as good as the power lawe

(2) There was a significant difference in the intensity of
Bloc observed in February 1968 and April, May and August
1969, This difference was about a factor of 5 in the
pressure interval 10< p <300 gm.cm -2. and the energy
interval 20 < E<80 KeV. No such difference was observed

in the anticoincidence well rate for the different flightse.

The pulse height distribution in February 1968 was almost flat
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while a power law was a good approximation to the 1969

date.
-2 .
(3) There is a spectral softening at pressures p<100 gm.cme,
and,

(4) An intensity enhancement of uncertain origin at a depth
of 28 + 5 gm.cm"2 and at energies less than about 20 KeV
was observed on MIL-1-68 and MIL-3-69 but not on the
other flights. No effect was observed in the anticoincidence

guard rvates,
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CHAPTER 8

THE DIFFUSE X-RAY BACKGROUND, 20-170 KeV

8.1 INTRODUCTION

The following chapter presents results from the actively collimated
and shielded telescope concerning the spectrum and angular distribution
of the diffuse X-ray background in the approximate energy range, 20 to
170KeV,

Observations of the diffuse background perhaps have a greater
significance for astrophysics than do discrete source observations., Whereas
discrete sources are predominantly galactic phenomena, the diffuse
background appears to be extragalactic in origin, This is so in the 1 to
200 KeV region at least, since this radiation has been observed to be
isotropic with respect to the galactic plane to within about 10% (see
section 8,3), As a result there may be important consequences for cosmology,
galaxy evolution, the intergalactic medium and cosmic ray physics (Wilson
1968, Sciama 1969, Brecher and Burbidge 1970), as has been outlined in
section 1,3,

8.2 THE DIFFUSE BACKGROUND SPECTRUM

In addition to the constraint of isotropy +to within 10%, suggested
theoretical models of the origin of the diffuse background must also account
for the spectral shape., The observed break in spectral index somewhere
between 10 and 100 Ke¥ has been discussed in section 1.3 and more
definitive measurements of its magnitude and the energy range over which

it occurs are essential, An attempt at such a measurement is now described,
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The method used to determine the diffuse background intensity as a
funetion of photon energy, in which the total telescope background
obtained in the pressure range 10 < p < 70 gm, cm'.-2 is extrapolated to
balloon float depth and subtracted from the measured background, has been
described in Chapter 7. Three types of fit to the transition curve data
were considered in order to perform the extrapolation., These were linear,
pover law and logarithmic functions of pressure, Comparison of minimum
I? values does not decisively determine which of the 3 fits is the most
appropriate for a given channel since the low background rates make
counting statistics poor.

For the f£light MIL-1-68, the logarithmic function was found to give
extrapolations to float depth which were far too small, two channels
actually extrepolating to negative counting rates for the total background.
Cosmic diffuse fluxes resulted which were between 2 and 5 times higher than
those expected, Consequently although the logarithmic function was a good
fit for p > 10 gm, cmjz, it was not seriously considered to provide a good
extrapolation to lower pressures and was not used in the diffuse background
determination.

In view of the indecision as to whether to use the linear or the
pover law extrapolation, it has been decided to ﬁresent three sets of
spectral results, obtained using (a) linear extrapolation for all channels,
(b) power law extrapolation for all channels, and {c) a linear or power law
extrapolation depending on which fit has minimunn)? for the energy channel
concerned, The total observed float background from which the extrapolated
background vas subtracted, was obtained during the entire float period

except when resolved discrete sources were in the telescope field of view,
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There were no significant azimuthal effects in the background for the
energy channels used, nor were there any significant time variations. The
three spectra thus obtained, fully corrected (see Chapter 3) except for
atmospheric Compton scattering effects (Makino 1970), are shown in fig. 3.1,
8.2 and 8.3. A number spectrum of exponent 2.4 has been assumed and the
points are plotted alongside data of other groups, as presented by

Kasturi Rangan et al. (1969). The data are also tabulated in table 8.1,
together with the number of degrees of freedom (= number of data points
minus number of unknown parameters)used in the least squares fit.

Table 8] shows that using the':? criterion the lower energy
transition curves (channels 2 to 6) are in general better fitted by the
pover law, while for channels 7 and above the linear fit is better. This
energy dependence was also marginally apparent in the MIL-3-69 dates (see
Chapter 7). That it is a real effect is supported by comparison of the
plotted spectra (figs, 8.1, 8.2, 8.3) in which it is clear that the
diffuse background results of this experiment agree best with other
experiments in the low energy region for a power law extrapolation (fig.8.2)
and at higher energies for the linear extrapolation (fig., 8,1), Over the
full energy range, best agreement is obtained if the minimum'x? criterion is
applied to determine whether the power law or linear fit should be used
for a given energy channel (fig. 8,3). It is strikingly evident that
although there are really no significant differences between the two fits
using the X? criterion, the final spectral results are strongly dependent

on the type of fit used.
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Table 8.1: Spectra from two different transition curve fits
Ch| Energy| No.degrees Best linéar fit Beat power law fit
No| KeV, of 5 Diffuse Diffuse
i freedom X background2 X? E bwckground.2
phoions gm. ! phofona em. .
sec KeV™ ster sec ‘KeV-lster™
—
2 | 27-37 12 16.44 | (1.18%0.84)x1072 | 15.94 (2.18%1.45)x1072
3 | 37-47 12 12.50 | (2.08%0.34)x10°2 | 14.59 {(3,01%0,41)x1072
4
4 | 47-57 12 14.86 | (3.65%3.14)x1072 | 13.01 |(1.15%0,44)x107
5 | 57-67 12 7.62 | (3.6571.89)x10™> | 6.41 |(9.39%2.39)x1072
6 | 67-77 12 14.93 | (6.27%2.64)x10~> | 12.04 [(1.4020,26)x1072
7 | 77-87 12 16.80 | (7.10%3.02)x10~> | 20.24 (1.25%0.26)x1072
8 | 87-97 12 25.21 | (6.44%4.00)x10~> | 26.83 |(1.59%0.35)x1072
151 97-167 12 26.56 | %6.69x10> 32.30 |(1.15%0.23)x1072
; 6 _ 2
x sums ¢ : X".i 66.35 62,89
] i=2
r
8 2 2 68.57 79.37
( ‘—~7xi F %15 '
(Q:-r X% )+ %2 134,92 142.26
<. 9-15 !
1 =

*
Upper limit at 3 sigma level
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8.2.2, Spectral results

It is therefore concluded that fig., 8.3 gives the best determination
from this experiment of the diffuse cosmic X-ray background. It is
statistically consistent with the other measurements plotted on the
same graph., However, the large error bars reflect the disadvantage of
using the active telescyppe for diffuse background work which results
from the small geometric factor of ~ 1.4 cm? ster, which is between 5
and 10 times less than is usually employed in this work. In particular it
is not possible for conclusions to be drawn with respect to any change
of spectral index within the observed energy range.

Note should be made that a small correction must be made to the
results of this experiment and also to the other date points on figs.
8.1, 8.2 and 8,3 which were obteined from balloon experiments (i,e. all
except Matzger et al. 1964), iakino (1970) has very recently pointed
out that failure of balloon experimenters to allow for the
contribution of atmospheric Compton scattering to the detector count
rate has resulted in intensity over-estimates of about 20% to 40% in
all results published to date, The necessary correcticn factor is
almost energy independent and varies from abcut 0.85 for a float
depth of ~3 gm. em.2, to about 0.65 at 10 gm. om.2,

8.3, GALACTIC DIFFUSE X-RAYS

The guestion of the existence of & high energy X-ray anistropy
in the direction of the galactic plane has been investigated. At
energies > 5 KheV, the galaxy is transparent to X-rays and no anisotropy
is expected for a background flux of entirely extragalactic origin.

However, the concentration of matter and photons in the galactic disc

nay lead to enhanced X-ray emission at low galactic latitudes. Maraschi et «1(1967)
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have shown that this is possible as a result of interactions of galactic

cosmic ray electrons with matter (bremsstrahlung) or with the 3°K. and

starlight photons (inverse Compton effect). They predict a galactic plane

Imax ~ Imin

Tmax , of between 1 and 10% depending on the form

anisotropy, o =
of the demodulated galactic electron spectrum, Also the recent discovery
of intense diffuse galactic infra-red radiation (Shivanandan et al. (1968),
Houck and Harwit (1969), Ipavich and Lenchek (1970)) has provided another
possible source of low energy photons for the Compton production of
galactic X-rays. -

It is thus of interest to determine observationally whether there is
an anisotropy in the diffuse X-ray background, oriented relative to the

galactic plane.

8.3.1 Galactic plane anisotropy

A galactic latitude survey was carried out for MIL-1-68 in the
longitude range 320° < lII<f 40° and for energies 27 to 67 KeV, Regions
of the sky containing resolved discrete sources were excluded from the
analysis, The sky was divided into two parts for the purpose of accu ~
mulating counts, One of these, the galactic plane region, included all
telescope axis directions for wvhich the galactic latitude bII satisfied
the requirement ‘blll <10°, The other was for directions ;bII‘ >10°, out
of the galactic plane, Counts in each region were added together without
subtracting the non-cosmic telescope background (Byg4o to obtain en
average total count rate U5¥0£. The two total background rates (counts

per frame of 4 sec. duration) between 27 and 67 KeV were

I _
B-to-t('h’ l 110%)

I1 o
B_to_t(_{b | >10%

4.461 T 0.092
4.179 ¥ 0.059



162
The uicorrected X-ray emission from the galactic plane is therefore
D= 0,282 g 0.109 counts per 4 seconds, since the atmospheric X-ray and
telescope leakage backgrounds are independent of bII. This difference is
2.6 standard deviations above that expected for an isotropic flux and is
significant at about the 99% confidence level. The anisotropy factor

A
is given by X —.B (ibIlt «10°)* wvhich gives =<{= (17.5t 9.5)%.
cos

If instead of using ‘bII‘ = 10° as the criterion for sorting counts,
‘ bIIx = 15° is used, the difference A\ becomes 0.07: 0.09 counts per 4
seconds, and the 2,60 anisotropy has become a null result, This fact,
together with the serious problem of unresolved discrete sources in the
analysis interval 320°<.lII<l40° (containing the galactic centre) suggests
that the observed anisotropy is not the result of a diffuse flux,

The contribution from unresolved discrete sources can be estimated by
assuming that they number about 10, have spectra gimilar to that of
Sco X-1, and intensities of about 1 photon em7? secTt between 1 and 8 KeV,
(Mayer et al., 1970, Gursky et al. 1967)., Each source is estimated to have
been within 4° of the telescope axis for about 300 seconds during the
flight, Extrapolation to the energy intervel 27 to 67 KeV predicts a
contribution of ~ 100 counts to the total accummulated count from the
directions',bII' <:lO° during the flight, This is in good agreement with
observation since the observed disc contribution of 0.28i 0.11 counts per
4 seconds from ~ 2000 seconds of data, corresponds to a total accummulation
of 1402 55 counts,

Also the University of Leicester group has recently withdrawn an

I

apparent anisotropy in the range 220° < 111 <« 320° of ~50% (Cooke et al.

1969) and have replaced it with an upper limit corresponding to a line flux
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Z10% of that originally claimed, owing to the resolution of the region

concerned into a number of discrete sources (Cooke and Pounds 1970) .

Consequently it is preferable to interpret the above results in terms
of an upper limit foro¢ , which at the 30”level is given by

o< < 30%.

This result is almost independent of the functional form used in
extrapolating background rates to float.:

It is of interest to compare this result with those obtained by other
workers who have attempted to find an X-ray anisotropy with reapect to the

II<_ 1300

gelactic plene Seward et al. (1967) examined the intervel 85° < 1
et photon energies between 4 and 40 KeV and were uneble to detect any
anisotropy greater than the uncertainty due to their counting statistics
which were determined to about 10% (one standard deviation). On this
basis they reported the cosmic background to be isotropic to within 10%
and this is essentially a one sigma result, Gorenstein et al, (1969)
examined 190° £ III<_150° between 1 and 13 KeV and determined that the
background was isotropic to within 8% in the same manner as Seward et al.
had done, Rothenflug. et al, (1968) observed 1.60i 0,35 photons cm'.'2 sec:'1
sterfl between 20 and 80 KeV from the Cygnus region of the galactic plane,
and 1.721 0,16 photons cm'.-2 sec-.'1 ster?l from the galactic pole and noted
that there yas no diffevence within the errors of the counting statistics,
They con¢luded jn the seme way as had Seward et al, and Gorenstein et al,
that the diffuse flux vas isetropic to yithin 20%, another one sigma result.
In order to make a fair comparison with these other results, the

result of this experiment should be quoted at the one sigma level also.
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Hence it is concluded that for energies 27 < E <67 KeV and for galactic
longitudes 320° < lII<= 40°, the diffuse background is isotropic with
respect to the galactic plane to within 10%, This result is comparable
with those obtained above by other groups. The regions of sky from vhich
the various measurements were taken are shown in figure 8.4.
8.3,2, Galactic line flux

Other workers have preferred to present their results in terms of a
derived line flux in the galactic plane, rather than as a value for the
degree of anisotropy, = . In this experiment the active telescope response
factor for a line source passing through the centre of the field of view
is 8.44 cm> red, Using this the upper limit (307 for the intensity of e
line source in the galactic plane is 7. 26 x 10_4 photons cm?2 sec-.'1 KeV.

betWeen 27 and 67 KeV and for longitudes 320° ‘<.1 <: 40°, This
upper limit assumes a thermal spectrum with temperature 10 KeV, after
Bleeker and Deerenberg (1970b).

It is plotted in fig. 8.5 along with the results of Bleeker and

Deerenberg (1970b) for 130° < 1112 160°, 20 2E <80 KeV, and of Schvartz

(1969) for 130° < 1172 160°, 220°¢ 1112 240°, 7.7 £ E € 110 KeV. The
upper limit shown for the Leicester results is an estimate based on their
report (Cooke and Pounds 1970) that discrete sources can account for more
than 90% of the previously reported (Cooke et al. 1969) diffuse flux
between 1.4 and 18 KeV at 220° < 111« 320°. The results of Schwartz
(1969) have only reached the author second-hand but it is interesting to
note that the significent point between 7.7 and 12,5 KeV shown in fig. 8.5
has been interpreted by many others (e.g. Vette et al. 1970) as an upper

limit, presumably due to the uncertainty of the unresolved discrete source

contribution,
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Thus no detection of a significant galactic X-ray line flux has yet been
made in the energy range 1 £ E £ 80 KeV. This result does not conflict
with any theoretical predictions (Maraschi et al, 1967, Ipavich and
Lenchek 1970), and greater instrumental sensitivity is needed to push the
observed upper limits to smaller values, The observed galactic line flux
at 100 KeV. (Clark et al, 1968, 1969, Germire 1970, Kniffen and Fichtel
1970) can be explained by eithur pion decay resulting from interstellar
P~p interactions, or Compton scattering of galactic electrons on the
submillimetre far-infra-red radiation (Ipavich and Lenchek 1970, Stecher
and Stecker 1970, Longeir and Sunyaev 1969b), However, neither of these
mechanisms is expected to contribute a flux at X-ray energies which is

observable with present instrumentation.,
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