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ABSTRACT

Atmospheric X and gamma rays are products of complex
electromagnetic i1nteractions Dbetween charged particles and

atmospheric constituents. The latitudinal dependence of the
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osmic ray secondaries, aurocoral and 3outh Atlantic Anomaly
rhenomena produce flux variations, especlally the later
temporal flux wvariations. We propose to discuss <hese
variations 1n relevance 10 Dballoon fiight observations of

X and gamma ray atmospheric background at polar latitudes.

Raios X = gama de atmosfera sao produtos de inieragoes
complilexas entire particulas carregadas e 0s constitutinies
de atmosfera. A dependéncia com a latitude dos raics
césmicos gsecundarios, varlagdes temporals 4da aurora e da
anomalia magnética do Atlantico Sul produzem variagdes no
fluxo do rufdo de fundc. Prople-se discutir estas variagoes
com observagfes do¢ ruido de fundo de raios X e gama em
latitudes polares, com um eXperimentc a bordo de balio
estratosftérico.
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1. INTRODUCTION

X-ray and low energy gamma-ray continua prroduced in the
atmosprhere are predominated Ly the process of
bremsstranlung from eletrons. The source of these elecirons
In gerieral are cosmic rays and in some latitude regions due
to precipitation electrons.

Primary cosmic rays 1nitiate cascade process 1n the
atmosphere and produce secondary electrons. The ihree
principal processes are: decay of charged mesons
(r* - p® = e?), thne decay of neutral mesons and subsequent
pair production (v© - 2¥ - e*, e7), and knock-on process.
Low energy gamma radiation has superposed line at 0511 keV
due to annihilation of e%, e~ and capture and 1nelastic
scattering of neutrons by atmospheric nuclel produce lines
at 2.2i, 4.44 and 6,12 MeV eilc,

The ¥ and gamma radiation packground variations due to
COSmIC Tray r1gldity dependance and preciplitation processes
are described Deiow.

2. ANTARCTIC REGION

The antarctic region extending bdetween 60° 2 latitude
to Zouth Pole 18 an excellent place for studies of many
geophiysical phenomena. with c¢osmic ray cut-off rigidity
reaching much Dhelow 2 GV, many cosmic-ray secondary effects
can be studied through X and gamma ray Dhackground
measurements 1n balloon eXperiments. The antarctic region
15 adjacent to Scuth Atlantic Anomaly and incorporates
Soutnern Auroral Zone In Figure 1, we show the
geographical dAistribution of the 100 KeV electrons at lower
altitudes obtained from the data of Seward (1972). The



hackground measuremen<ts with balloon borne experiments can
discern the effects due T0 precipitations of electrouns.

a) Scuth Atlantic Anomaly Fhenomena

The region of very low surface fi1eld in the 3outh
Tiantic 1s eXpected to be a region of sirong interaction
between 1trapped radiation and upper aimosphere. The
particle precipitation, greater at tne 1i1imes o0f internse
geomagnetic storms produce bremsstrah:ung radiation.
Balloon experimentis in X-ray and gamma radiation have
earlier wpermitted deitermination of the eleciron
precipitation in SAA Tegion (Martin et al, 1974, Pinto and
Gonzalez, 198%). In Figure 2, at the time of magnetic
activity, the gamma-ray count rate (profile a) has a lower
decrease between 120 mbrar and 3.5 mbar when compared to
charg: particle count rate (profile D). Thie qutiet-day
radiation obtained (C) I1n an earlier experiment also
supports 1this excess (Martin et al, 1974),

) Auroral Zone Phenomena

Electron preciritation In auroral 2zone 15 a general
feature, The X and gamma radiation fluxes show regular
increases -~ 20% over bpackground values. In Figure 3, the
results of a balloon flight experiment in northern auroral
zZone Dby Anderson (1960) 15 shown. These 1ncreases up to
above 240 keV with fine struacture of minutes, last
t¥ypically few hours. The X-ray fluxXes 1in other experiments,
during magnetic storms, showed 1ncreases by factors ¢ to 6

(Winckler et al, 1959, Anderscn et al, 1958). Power
Spectrum analysis of X-ray bursts observed by WwWinckler
(1959) has 1ndicated micropulsations with periced P =z 0.8

sec 1n coincldence with riometer and magnetic data (Tepley
and Wentworth, 196¢). These suggest precipitation of



bunched eliectrons oscillating aliong gfeomagnetic f1eld
iines.

c) Latitudinal Zffect due o Cosmic Rays

The energy of the primary Ccosmic ray that enter <h
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atmospliere 1S governed Dby Thne earth’'s d4ipole magnetic
Tield. wWhile at i1ne equatorial region the energy of the
rarticle that can enter is 2 16 GeV, very 1iow energy
particies ~ 0.1 GeV reach polar latitudes. Since the flux
of ~he cosmic Tays 1S higher at low energles, interactions
in the atmosphere produce higher fiuxes of ¥-ray and gamma-
ray continuum at polar latitudes. Iin addition diurnal and
solar modnlations cf cosmic-ray flux are predomnant at low
energies and are expected 1o praduce discernable effecCts in
X and gamma radiation Dackground. In Figure 4 we present
the variation in X-ray flux and the line fiux at 0.51 MeV
due 1o different rigidities conducted Dby various
exXxperimeniers. In Figure 4a, the atmospheric X-ray <flux
(IaAxRr? 1ircreases Ty factor ~ 7, for rigidity wvariaiion
between 16 1o 2 GV, where the instrumental effects (Iggrip)
are small (Kasturirangan, 1971). The annihilation line fiux
at 0,511 ¥KeV has 10 factor 1increase with 1ncrease in
latitude as shown i1n Figure 4b (Jayanthi et ai, 1982).

3. ZENITH ANGLE VARIATIONS OF FLUX

Direct 1transliation of the cascade and transport of
secondary particles to explain thie onserved photons have
been Aattempted (References: Ling 1975). These calculations
are especially not satisfactory to explain the low energy
gamma-ray continuum. An inverse of the proklem, namely to
determine the source function of flux has been attempted
from observed data (Vette 1962, Peterson €t al 1972 and



Ling 197%). The 1sotropic scource function S(EX) in a Seni-
Empirical Method (SEM) 1s defined as the production of
gamma-rays of energy E, iIn a unlt air mass at a depth X
The production of gamma-rays nciudes Dbremsstirahlung of
cosmiCc rays, w° decay, nuclear gamma rays, - and e*
annihilation and Compton siifted photons inside the source
volume as shown in Figure S (Ling, 197%). The SEM does not
inquire 1nto ihe nature of The produciicn processes hutl
attempts 1o obtain S (E,X), from observations of gamma-ray
specira at different aititudes (above Pifolzer maximum) at
any rarticular latitude, 11 a Seif consisient manner. The
estimation cof source function 1s useful 1n predicting the
energy and angular dependence of phoron fluxes. In Figure
6 (Ling, 1975), the estimate o0f <Lhese dependences at
different altiltudes, from omnidirectional detector <Gata
made at Palestine (Texas), shows the usefulness of the
concept of SEM 1n experiments.

4. BANTAR X-RAY EXPERIMENT

An X-ray detection equipment was fiown 1n a Dballoon
experiment in February 21, 1985 from Comandante Ferraz Base
in Antarctic for the determination of source function and
any ftime varilation 1n fluax (Jayantihi et al, 1987). The
telescope employed a L.27 cm thick Nal(Tl) crystal with
diameter 7,62 cm . Thin Pb shields of ~ i mm thick Qdefined
the fleld of view (~ 30 at 100 keV) for forward X-rays and
total obstruction for lateral 1ncident X-rays. The assembly
nad active anti charged particie shield of NE 104
scintillator. The X-ray detector events not in coincide..ce
withh the particle shield were inputted simultaneously o a
72 channel energy analyser in the 28,5 to 18% KeV range and
a 64 msec resolutlion time analyser of total flux.



The payioad which attained a ceiling altitude of ~ 7 gm
cmTS, transmitted usertul data oniy in two broad segments of
aititude - 385 to 215 mdbar and e22.2 to 685 mbar, due 1o
telemeiry noise problems. The spectira obtained at the
celiing and different altitudes are satisfactory with
Spectral 1ndex o = 2.0 ¢ 0.2, As the flight 1tierminated
pPrematurely we could not determine any temporal variations.
The celling data 1n conguncticn with the data from other
experiments was nutilized to determiné the angular variation
of X-ray fiax.

We have evaluated the ratic K bhetween upward and
downward fluxes at different altitudes for our cut-off
rigidity (CR ~ %.1). The value of the ratic R, at 7 gm cm ™2
varies bhetween 2,57 and 1.5, as shown in Figure 7 with an
average value of ~ g2 * 0.35 for the 28 to 123 KeV
atmospheric X-ray fiux. As no date exist for X-rays in
i1terature, this can e compared with R values ~ 2.4 and
4.7 at 300 KkeV and 1 MeV respectively by Ling (1975) at 7
gm cmé and ~ 2.7, 385 and 5.6 at 2.5 50 and 100 MeVv
respectively by Hsien (1978) 1in low energy gfamma region.
The up/down flux ratio of R ~ 2.2 for 1he X-rays 15
consistent with the higher gamma-ray values as the higher
absorprtion mean free path for X-rays produce iower puild-
up effects 1n cascade process,



FIGURE CAPTION

Fig. 1: Geographilcal distribution of the observations of
100 keV elecirons at altitudes heiween 240 and 400 km.
South Atlantic Anomaiy and Aurcral Zone are shown clearly
(Seward, 1973).

Fig. 2 Count rate profiles of gamma rays (a) and chnarged
rarticies (b)) of tThe Dballoon fiight on Oct. 20, 1973.
Similar flight as a quiet day (Martin &7 al, 1374).

Fig. 3: Four <channel pulse heilght analyser data from
Scintiliation detector flown 1n »alloon exXperiment in
Northern Auroral 2Zone. rrecipitation excess 1s evident,

(Anderson, 1960).

Fig. 4 X and gamma ray filux variation with geomagnetic
latitiude: a) Ratio 0of Atmosphieric X-ray fluX (Iaxgr) O
instrumental effects (Igrip) D) gamma ray ine flux at
0.511 MeV (Kasturirangan, 1971; Jayanthi et al, 198¢2).

Fig. 5 Geometlry for calculating the count rate of a
detector due 10O aALmospheric gamma rays for an 1801roplic
source function (Ling, 1974).

Fig. 6 Angular distribution ¢f atmospheric gamma ray fiux
at 35 g cm-2, Dashed 1lines 1ndicate atmospheric £flux
calculations on the basis of ZEM. Solld lines represent
ciuslon 0T COSmMIC gamma rays (Ling, 1974).

Fig. 7: Variation of the computed up/down atmospheric X-
ray flux ratico (R) with energy and alititude (Jayanthi et
al, 1986A).
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