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ABSTRACT

Balloon observations of y-rays (0.9 - 18 MeV) and charged
particle (£ 0.7 MeV) flux made at Sao José dos Campos (23°14'S, 45°51'W)
on quiet and magnetically disturbed days in October 1973 are presented
and discussed. The y-ray flux during the disturbed period shows a
considerable increase compared to the quiet day observations. The charged
particles count rate also shows an increase but to a much smaller extent.
The increase in the y-ray flux is attributed to the bremsstrahlung of
precipitating high energy electrons from the inner radiation belt. A
spectral analysis of the count rate of y-rays shows that the increase in
the flux is more pronounced on the low energy end (0.9 - 20 MeV) of the
spectrum which lends further support to the bremstrahlung explanation.
Based on the photon spectrum in the range 0.9 - 18 MeV the spectrum of
the* precipitating electron causing the y-ray emission is calculated. The
photon spectrum is of the form dN/dE « E~2.d in the range 0.9 - 2.5 MeV
and dN/dE ^ E-l.l in the range 7.0 - 13 MeV. Thus it may be concluded
that the increase in the y-ray flux is due to the precipitation of
electrons of the inner radiation belt with E > 20 MeV.
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The problem of precipitation of high energy particles in

to the lower atmosphere at relatively low latitudes has received increasing

attention during recent years. Unlike the auroral zone precipitation this

phenomenon at low latitudes is more obscure in terms of the physical processes

producing it and also more difficult to observe because of its weaker

intensity. The situation is considerably better in case of observations in

the region of the South Atlantic geomagnetic anomaly where the inner edge

of the inner radiation belt comes down to a few hundred km or lower over the

anomaly. Some recent studies based on direct and indirect observations

[1-5] show that the precipitating flux increases appreciably during the

period of a geomagnetic storm. A satisfactory understanding of this phenomenon

must await extensive planned observations. However, there is sufficient basis

to believe that precipitation is noticeable even during quiet periods [5].

Ouring magnetic storms the precipitating flux increases probably over a wide

energy range of the charged particles. Although it is difficult to assess

in'what part of the spectrum the increase of precipitation is predominant»

from preliminaries studies [3-4] it seems that increase in the high energy

flux is notable. The present note provides another evidence in this direction.

The purpose of this paper is to present and discuss some

balloon observations of y-ray (0.9 - 18 MeV} and charged particles fluxes

{\ 0.7 MeV) made on quiet and magnetically disturbed days in October 1973.

The balloon launchings on both occasions were conducted at Säo Jose dos
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Campos (geographic coordinates 23° 14'S, 45° 51 'W> as a part of the cosmic

ray program at the Instituto de Pesquisas Espaciais (INPE). The first

balloon was launched on October 7, 1973 at 0830 UT and it reached a celling

height of 3.8 mbar but data were obtained for about 30 minutes only. Even

with this short period of observation it is possible to get an idea of the

"normal" level of the y-ny and charged particle fluxes at the ceiling

height. On October 20 a balloon was launched at 0715 UT, attained height of

3.5 mbar at about 0915 UT and telemetered y-ray and charged particle fluxes

data for ^ 13 hours. As the celling height of both flights were approximately

the same it is meaningful to compare the results and look for effects due

to geomagnetic disturbances.

The magnetograms obtained at Sào José dos Campos indicate

that to first flight was made on a relatively quiet day but the October

20 balloon was launched during a magnetic disturbed period. A sudden

commencement of small amplitude at about 0C45 UT on October 16, preceded

the start of a disturbance in the earth's magnetic field which continued

for several subsequent days. Perhaps more than one disturbance occured

so that the period of the balloon launching may be considered ÛS a mixture

of the main phase and the recovery phase of magnetic storms. The total

geomagnetic field measured at Sâo José dos Campos during the October 20,

1973 flight is shown in Fig. 1.

The same detector was used in both flights and it consisted

of a "4 x 4" Nal (It) seinf'llator directly associated with a photomultipiier
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RCA80S5, surrounded by a NE1O2A plastic scintillator of 1 cm thickness in

conduction with a XP1O3O RTC photomultiplier. The later operated in anti

coincidence for separating out charged particles and the Nal(IC) crystal

detector had an equivalent area of 121.62 cm2. The energy threshold of the

detector was such that the minimum energy at the top of the atmosphere of

particles capable of triggering the detector was 7.0 MeV for electron and

30 MeV for protons. More detailed information about this detector can be

•found in QfJ.

The curves of the integral count rates vs. time of y-rays

and charged particles measured on October 20, 1973 are shown in Fig. 2.

The Y-ray count rate is integrated from 0.9 to 18 MeV. A curve for the

pressure measurements is also included in Fig. 2. Fur purpose of comparison

the curves for Y-ray and charged particles fluxes in the October 7 flight

are also shown in Fig. 2 normalized to the October 20 flight during the

flight ascent. It is evident from Fig. 2 that starting from the level of

maximum count rate at 120 mbar there is a substantial increase in the

Y-ray flux. The charged particle flux also shows noticeable enhancement

although not as large as in the case of y-rays. At the ceiling height the

charged particle seems to have reached almost the normal equilibrium level.

The increase in the count rates can apparently be attributed

only to the geomagnetic activity. The fact that the increase in Y-ray flux

Is considerably larger than the charged particle flux, may be attributed to the

fact that the Y-ray flux observed is primarily due to bremsstrahlung produced



- 5 -

by the downward moving electron flux. Whereas the charged particle detector

will register only the flux reaching the ceiling level, the y-r*y counts

are due to the integrated radiation produced in the layers above the

ceiling height. Since the charged particle flux undergoes a decrease with

depth, it would be reasonable to expect that the increase in the low

energy Y-ray flux should be larger than the directly measured charged

particle flux.

In order to verify this we have calculated from the measured

energy loss spectrum in the crystal, the energy spectrum of the incident

Y-ray flux. Two such spectra are shown in Fig. 3a and 3b for the periods

1100 - 1230 and 0900 - 1030 UT respectively. For the period 1100- 1230

UT, the y-ray count rate was at a lower level, where it stayed for the

remainder of the flight. It is therefore assumed that this period is

representative of quiet conditions, when no enhanced particle precipitation

is taking place. By contrast, the interval 0900 - 1030 UT covers the

period during which the maximum enhanced precipitation is seen to occur.

The spectrum for the period 1100 - 1230 UT is a power law = E for

the entire energy range. For the period 0900 - 1030 UT the power law is

«E"2*2 in the range 0.9 - 2.5 MeV and «E'1'1 in the range 7.0 - 18.0 MeV.

In the range 2.5 - 7.0 MeV, the spectrum is not well represented by a

power law ^n energy. Thus, there seems to be a relatively greater increase

in the low energy flux than in the high energy region. Assuming that the

increase In the low energy flux is attributed to electron bremsstrahlung

we may calculate that the increased Y-ray flux is due to the enhanced flux

of electrons in the energy range 20 - 1250 MeV [7-8].



- 6 -

The association between the increased precipitating flux

of high energy particles and the geomagnetic activity has already been

noted [2]. The exact manner in which the geomagnetic field variations

produce the increase electron precipitation is not clear. However, short-

period fluctuations in the geomagnetic field are believed to provide an

effective mechanism [3]. As seen from the record of the

total geomagnetic field intensity (Fig.1) such short period fluctuations

are present and could contribute significantly to the increased

precipitation of electrons. An interesting feature pertaining to the

October 7 measurements is the apparent periodicity of about 30 minutes

seen in the records at the ceiling altitude. There is also some suggestion

of a periodicity in the curve of charged particle count rate for the

flight of October 20. The corresponding curve for y-ray flux also shows

fluctuations but the periods seem to be shorter. The possible existence

of a similar 30 minute periodicity has been noted previously [1-2] and

the authors related it to the configuration of the magnetosphere over the

anomaly region or to radial diffusion. More observations are needed to

establish on more firm grounds the existence of such periodicities before

we could attempt any detailed explanation for its origin.

The results discussed above suggest that there is a

contribution of y-ray fluxes due to particle precipitation from the inner

radiation belt to the atmospheric y-ray background in the region of ehe

South Atlantic geomagnetic anomaly. Therefore, the cosmic-ray produced

atmospheric y-ray flux is expected to change during magnetically

disturbed days.
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FIGURE CAPTIONS

Figure 1 - Magnetogram obtained at Säo José dos Campos on October 20,

1973.

Figure 2 - Plots showing y-ray and charged particle count rates vs. time

for balloon flights on October 7 and October 20, 1973 at

Sâo José dos Campos.

Figure 3a - Energy spectrum of the incident y-ray flux during the period

1100 - 1230 UT on October, 20, 1973.

Figure 3b - Energy spectrum of the incident y-ray flux during the period

0900 - 1030 UT on October 20, 1973.



- 9 -

REFERENCES

[1] I. M. MARTIN, D. B. RAI, J. M. DA COSTA, R. A. R. PALMEIRA, and N. B.

TRIVEDI, Nature, London, 240, n9 100, 84 (1972).

[2] N. B. TRIVEDI, D. B. RAI, I. M. NARTIN, and J. M. DA COSTA, Planet.

Space Science, 21., 1699 (1973).

[3] J. M. DA COSTA, N. B. TRIVEDI, and D. B. RAI, Internai Report INPE-

381 -RI/147 (1973). (Submitted to Pure and Applied Geophys.).

[4] M. A. ABDU, S. ANANTHAKRISHNAN, E. F. COUTINHO, B. A. KRISHNAN, and

E. M. DA S. REIS, J. Geophys. Res., 78, 5830 (1973).

[5] I. M. MARTIN, D. B. RAI, R. A. R. PALMEIRA, N. B. TRIVEDI, M. A.

ABDU and I. M. DA COSTA, Internal Report INPE-485-RI/204 (1974).

(Submitted to Nature, London)

[6] I. M. MARTIN, Doctorate Thesis at University of Toulouse, France,

(1974).

[7] 0. S. PUSKIN, Doctorate Thesis at Harvard University, U.S.A., (1970).

[8] S. D. VERMA, J. Geophys. Res., 72, 915 (1967).



TOTAL FELD
SAO JOSÉ DOS CAMPOS

WO 1200 1300 MOO 1900 1600 1700

ï 20 Jr

0500 0600 0700 0800

OCTOBER 20 1973 UT

0900 1000 1100

Figure 1



~ZJ

1000

100

10

»-RAYS

120 mb

1 1 r I

OCTOBER 7 , 1973 FLIGHT

NORMALIZED DURING FLIGHT ASCENT

i i i i 1

•» -I

I i i I
07 00 08 00 09 00 10 00

OCTOBER 20. 1973

1100 12 00 UT

Figure 2



ENERGY (Mev)
10

10

>

Z
z>
o
o

i o3

I I

FLIGHT 10/20/1973

1100-12 30 UT

- E -I.I

0.164 MeV/Chann-el

I I I I I I I I

10

CHANNEL NUMBER
10'

Figure 3a



ENERGY (Mev)
10

10"

>
LU

O
O

IOJ

\

. - E -2.2

0.164 Mev/Chonnel

FLIGHT I0/20/73

0900-1030 UT

- E -l.l

J M M I 1 I I I
10 10'

CHANNEL NUMBER

Figure 3b


