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ABSTRACT

The observations of omnidirectional X-ray flux at the top of the
atmosphere have been extended upto 200 KeV using a balloon-borne Nal
(T1) scintillator detector at Hyderabad, India. The omnidirectional flux
at 60 KeV is found to be 0-0066 -+ 0-0014 photons/cm.? sec. ster. KeV.
The X-ray flux in the energy range 50~290 KeV can be adequately repre-
sented by the spectrum KE-2-2494, New upper limits to the hard X-ray
flux from the quiet sun have also been obtained from the same measure-
ment.

INTRODUCTION

It is now well known (Hayakawa ef al., 1966) that there exists an isotropic
X-ray component on the top of the atmosphere which is of metagalactic
origin. It has been suggested that thesc X-rays of low energy are either
due to the superposition of a number of small X-ray sources in other galaxies
or due to the inversc Compton cffect produced during the collision of rela-
tivistic intergalactic electrons with photons. In spite of the theoretical diffi-
culties encountered with either of the explanations, it is of importance to
experimentally determine the flux and the energy spectrum of the isotropic
X-ray background. The omnidirectional X-ray flux has been detected by
balloon-borne scintillator telescopes (Brini ez al., 1965; Bleeker et al., 1967)
as well as by rocket and satellite experiments (Metzger et al., 1964; Mutsuoka
et al., 1967). The balloon measuremets are always contaminated by the
background, cosmic ray effects in the atmosphere. In order to minimise
the atmospheric background, it is of great advantage to perform the experi-
ment near the geomagnetic equator, where the cosmic ray background is
minimum. |

To this end a balloon-borne X-ray detector was launched from
Hyderabad, India (17°25'N, 78°35'E) on April 21, 1967. In this paper,
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we present the data from this flight and compare our results with the results
obtained by other investigators. Figure 1 shows the schematic diagram of
the X-ray detector that was flown in the balloon. The detector consists
of a Nal (T) crystal of diameter about 6” which was viewed by a 5” DuMont
Photomultiplier 6364. The field of view of the detector was defined by a
set of mechanical collimators made of copper plates of thickness §". The
crystal was further surrounded by graded shielding consisting of copper
and aluminium to minimise the backgrourd. The scmi-angle of opening
of the collimators was about 10° in both dircctions. The balloon reached
a float altitude of about 7 gm./cm.2 '
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FiG. 1. The block diagram of the balloon-borne X-ray detector.

The detector <nergy resolution was found to be 21% at 660.KeV and
407, at 64KV (FWHM). In the flight configuration, the pulses from the
photomultiplier were subjected to pulse height analysis and the counting
ratcs in five contiguous channzls in the energy range 50-290 KeV and the
integral counting rate for energy losscs above 290 KeV were telemetered
to t.hc ground. The ground station consisted of a compatible FM/FM
receiver, subcarrier filters and a high speed chart recorder. The detector

was checked thoroughly before the flight for the linearity with respect to
energy.

FLux ofF IsotroPiIC X-RAYS

B Figure. 2 represents the X—ray'couﬁting rates versu.s; time at and near the
ceiling altitude for four different energy intervals between S50-290 KeV
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It may be seen that the X-ray counting rate after the Pfotzer maximum
steadily decreases with altitude till it reaches about 12 mb. and then shows
an increasz beyond that altitude. The increase represents the contribution
due to the isotropic X-rays of galactic origin. This flux has to be corrected
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F1G. 2. The counting rates of X-rays of different energies as a function of time near the
ceiling altitude.

for the atmospheric absorption to obtain the flux at the top of the atmo-
sphere. In Fig. 3 the omnidirectional cosmic X-ray flux observed at the
top of the atmosphere is plotted as a function of energy. Corrections for
the residual X-rays that can penetrate to 12 mb. has also been taken into
account in the derivation of omnidirectional flux. The results obtained
by the NRL, ASE group and the Nagoya group at low energies and the
results obtained by Bleeker e al. (1966) and Hudson ef al. (1966) at energies
above 25KeV by balloon experiments are also plotted in the same figure.
It may be observed that our results are in substantial agreement with the

esults obtained by other workers, The X-ray flux at 60KeV is found to
be 0:0066 = 0°0014 photons/cm.? sec, ster. KeV., We wish to point ot
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that the fluxes at high energies are upper limits and the actual fluxes at 100
KeV and beyond may be actually lower if the efficiency of the collimator
is taken into account. The results can be adcquately represented by a
power law of the form KE-*2£04, The X-ray flux expected from thermal
radiation spectrum exp. (E/KT) E-* JE (Free-Free transitions) from a thin
hot plasma at 2 X 10%°K is also plotted in Fig. 3. Even though thz flux
below 20 KeV agrees well with the above calculation, the disagreement at
higher energies with the observed rzsults shows that the omnidirectional
cosmic X-rays cannot be adequately explained by thermal processes.
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F1G. 3. The ominidirectional X-ray flux at the top of the atmosphere.

The spectrum of the background component given by Bleeker et al.
(1967) and Rothenflug ez al. (1965) agrees very closely with the exponent
of the spectrum derived from our data. The spectrum of isotropic X-rays
at energies below 10KeV as quotsd by Mutsuoka ez al. (1967) however is
found to be of the form KE-17£04indicating a hardening of the spectrum
at lower energies. The change of slope and softening of the spectrum of

isotropic X-rays at energies above 10 KeV may be due to abSOIPtIOTl in
intergalactic matter, '
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Upper LimiT FOR HARD X-RAYS FROM SUN

The SuN (Declination 11°43") cressed the balloon meridian at abcut
noon local time. More than 3 hours of data is available when the solar
zenith angle was less than 25°. Any contribution from the sun, if it were
more than thrice the standard deviation level of the background rate
obtained during the period when the sun is making a large zenith angle with
respect to the instrument, wovld have been detected by our instrument with
a certainty better than 995;. Since no such flux was observed, we may con-
sider the 3o-level as the upper limit for the solar contribution of hard X-rays,
Since the level of solar activity on April 21, 1967 was quite low, our limit
essentially corresponds to the limut for quiet sun,

Following Edwards and McCracken (1967), we may represent the
differential pulse height spectrum S (H) dH (the ccunting rate in the pulse
height interval JH at H) by
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where j(E) is the Photon energy spectrum of a discrete source, A () is the
projected area of the telescope at zenith angle 6 of the sun, e(E) is the
efficiency of the detector. p (E) and p' (E) are the narrow beam attenuation
coefficients of air and crystal mounting respectively and o (E) specifies the
energy resolution of the detector.

Taking e(E)y=1, x =72 gm.Jem.® of air, x' =0-0849 gm./em.2 of
aluminium and ¢ (E) = +/E (KeV) the upper limits to monoenergetic solar
X-rays of different energies have been calculated. Figure 4 shows the results
obtained for the flux of hard X-rays from the sun. Thz results obtained
by Frost and Peterson (Lindsay, 1963), Frost et al. (1966) and by Edwards
and McCracken (1967) are also plotted in the same figure. It may be observed
that the upper limit for the hard X-rays from the quiet sun obtained by us
is much lower than that.obtained by other workers.

Extrapolation of our results to higher energies show that the integral
flux of X-rays from the sun is about 1-5 x 102 photonjem.? sec. above
50 KeV. Thisresultis at least one order of magnitude below the results
pbtained during the solar maximum by Chubb e 4/, (1966) ingicating that
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the flux of hard X-rays from the quiet sun varies by at lcast one order of
magnitude over the solar cycle. Similar conclusion has bcen drawn by
Edwards and McCracken (1967).
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Figc. 4. The upper limit for the emission of hard X-rays from the sun,

CONCLUSIONS

In conclusion we observe that the flux of omnidirectional X-rays of
cosmic origin at 60 KeV is 00066 - 0°0014 photons;cm.? sec. ster. KeV.
The measured fluxes at different energies are comsistent with a spectrum of
the type KE-22%% which is considerably steeper than the spectrum of
cosmic X-rays of energy below 10KeV.

Upper limit for the hard X-ray emission from the quiet sun has been
obtained. The limits are considerably lower than the upper limits quoted
so far. The results indicate that the emission of hard X-rays (20KeV)
from the quiet sun may vary by one order of magnitude over the solar cycle.
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