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ABSTRACT

The recent advances in high-energy Astrophysics pertains

to the study of compact objects in galactic nuclei, binary sys-

tems and pulsars. There aspects are best understood by the study

of the emissions in X- and gamma rays of these objects through

the temporal variation in flux and spectrum. The Southern Hemi-

sphere offers some of the unique objects for investigations such

as galactic center, the Vela pulsar etc. For high temporal and

spectral resolution studies two telescopes "GeLi" and "Pulsar"

were designed and constructed. To support these scientific ac-

tivities, a program in balloon launching and data acquisition

facilities has been developed since 1971. The "Balloon Launch-

ing Center" of INPE has capacity to launch balloons of-850,000m3

with payloads weighting about 1,000 Kg. Taking advantage of these

facilities, project "Bantar", with the goal to measure the atmo-

spheric gamma-ray radiation in the Antartic Region, is under

progress
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INTRODUCTION

The centre of our galaxy attracts attention because of its unique loca-

tion and intense activity. This activity can be related to the presence of a

dense compact-objects distribution in the galactic centre region. During the

past few years, observations which have been made in the radio and IR wave-

lengths provided a good survey of this puzzled region. Presently, additional

information is available through X- and y-ray measurements achieved from

balloon and spacecraft observations, i istribution of the X-ray sources, obtain-

ed in the 1-10 KeV energy range with the Uhuru, HEAO-2 and Einstein satellites,

permits to determine the site of tlie galactic nuclei (GC). Higher energy ob-

servations, made recently with the 1EAO-1 satellite, have not resolved the

(GC) from the nearby sources, but have discovered a hard, variable source. Its

variability implies a size of <0.2 pc which is consistent with the compact

clouds observed in IR near the (GC). Its luminosity larger than any galactic

source and the source variability indicates that probably it is the (GC) it-

self. On the other hand, the results obtained with the IÍEAO-3 Gel.i-spectro-

meter showed evidence for the existence of time varying, unshifted, narrow

511 KeV line emission from the vicinity of the (GC). Thus, it is tempting to

propose that the line and continuum fluxes are correlated. But the determina-

tion of the correlation needs a more careful analysis of the observations,

when nearby sources are present in the large instrumental field of view. This

will require long term monitoring with repetitive observations, with the same

telescope, for a period of several years in the near future.

Among the X-ray sources there exists a second category of objects which are

responsible for the excess in the v-ray emission from the galactic centre re-

gion. The y-ray Pulsars pertains to this category. Contrary to the X-ray vari-

able sources, these objects seem to present no pulsed emission at X-ray wave-

length. From the 350 known radio pulsars, only five of them are found to be

vray emitters. The Vela pulsar, the strongest source known, is the unique

actually to be detected with a power law spectrum which indicates probably a

turnover in the X-ray energy range. The absence of X-ray emission, as indicat-

ed by this turnover, is perhaps the reason why none of the candidate radio

pulsars (except the Crab Nebula) showed significant pulsed emission at the

level of sensitivity reached by the present telescopes. Observations with

large field of view and area instruments can be attempted with highest sensi-

tivity.

The long term monitoring using GeLi telescope and large field of view

pulsar observations of the galactic centre region are the main research pro-

grams of the high energy astrophysics in INPE.
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GeLi-1 PROJECT

The objective of the balloon-borne GeLi-1 telescope is to detect nuclear
lines in the energy range from 0-01 to 1.4 MeV emitted by the terrestrial atmo-
sphere and cosmic sources.

The experiment consists of a system of two coaxial diodes (D1 ana D2) of
Ge(Li) mounted on the same axis and separated by 1,25cm from each one (Fig. 1),
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Fig. 1 - Exploded view of the GeLi-1 telescope.

Each diode has a geometrical area of 17,6cm1 in the viewing direction and
2,5cm-thickness which gives a 44cm3-volume. The Ge(Li) detectors are pressuriz-
ed , cooled at liquid nitrogen* temperature by the same cryostat and polarized
with the same high-voltage power supply. Signals issued from each of them are
amplified by a charge sensitive preamplifier "ORTEC 970". The high voltage
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power supply and the preamplifiers operated at atmospheric pressure inside

of a pressurized cylinder. The diodes are reciprocal in veto and shielded by

three Nal scintillators (NaI3, 4 and 5). The top crystal NaI3 is a (8" x 6")

cylinder drilled at the center above germanium detectors defining a 50° geo-

metrical aperture. The NaI4 and 5 are two semicircular crystals with (8" x 2")

external dimensions.

Pulses delivered by D1 and D2 are summed up through the Sum and Invert

amplifier circuit (ORTEC 433A). Spectra measured in both detectors are analyz-

ed with a 8192 channels encoder (Norland 5410). A logic circuit permits to recog-

nize the spectrum corresponding to each detector.

The experiment was launched at 4.9UTonDecember20,1983from Cachoeira Pau-

lista, SP (Brazil). The 184,000m5 Raven balloon reached an altitude of 4,Sg/an5

carrying a pavload weigth of 450 kg. Observations of background were made with

the telescope axis at the vertical. Spectrum detected at Wi-lg/cm1 atmospher-

ic depth respectively by each diode (Dl, D2) without anticoincidence signals

are shown (Fig. 2).

DIODE D1 - SPECTRUM

DIODE D2 - SPECTRUM
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Fig. 2 - Atmospheric spectrum detected at 10-7gm/cma atmospheric depth by
respectively the diodes D1 and D2.
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Except for the 511 KeV annihilation line, different induced lines are

present. Identifications of these lines is achieved using the spectral analy-

sis program 1IYPERMET developed by NRL-laboratcry. Table 1 reports the fluxes

and energy position of lines detecting by D2 comparing with those observed

by the HEAO-3 spectrometer.

Measured

Energy (KeV)

66.2b±0.48

91.95+0.28

137.16+0.32

196.61±1.15

447.18±0.54
512.37+0.40

574.00+0.17

i258.00+0.422

Full width at
Half-max FWM

(KeV)

1.801*0.569
1.813+0.301

2.016*0.551

4.327+1.517

4.353+0.314

4.354+0.302

4.088+0.58

4.019*1.207

HEAO-3
Energy

l ine

66.70

92.14

138.86

198.31

443.19

511.06

573.38

True
Energy

l ine

66.7

93.33

139.69

198.31

442.91

511.00

574.

1260.9

Isotope

7 3 mGe
6 7Ga

7*mGe
7 1Ge

128J

e*+e~
69Ge
68Cu

Relat ive
Intensity

(xifHcouits/s)

15.49+9.78

27.29+8.77

16.27+4.88

17.09+10.6

22.78+3.25

30.11+4.07

8.17+1.63

17.òo±4.12

Origin

Ge

Ge

Ge

Ge

Nal

Ge

Cu

Table 1 - Induced background lines detected by the diode D2 at 10-7gm/cm2 atmo-

spheric depth.

The 8 lines detected represent the 10th of that observed by HEAO 3 in the

same energy range (0.01 - 1.4 MeV). It suggests that the bombardment of the

instrument by cosmic-ray and trapped protons is less intense at equatorial

latitude than at the orbit of the spacecraft.

The energy width of the annihilation line observed during the balloon

flight is consistent with that estimated from the laboratory calibration. This

indicated that the detectors and the associated electronics thermal control

has worked properly at the ceiling. Extrapolation from the growth curve of

511 KeV line counting rates observed by D2 versus the pressure, gives a flux

of -0.0112 photons/cm2-sec-sr near the top of the atmosphere. This value is

very close to the previous result obtained by HEAO 3 (Fig. 3).
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Fig. 3 - The net atmospheric line flux at 511 KeV as a function of the geomag-
netic latitude.

Unfortunately a fall down of the electronics, which occurred -5 hours be-
fore the (GC) transit, did not permit to observe the radiation emitted from
that direction. A second flight with the same telescope is to be attempted in
the near future.

PULSAR PROJECT

The main goal of the balloon-borne "Pulsar" experiment is to observe y-ray
photons of variable sources and pulsars in the energy range 0.1-5.0 MeV. The
geometrical arrangement of the telescope has been designed according to the
performed sensitivity of detection of the pulse radiation.

A sketch of the detection assembly is shown in Fig. 4.
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Fig. 4 - Exploded view of the "PULSAR" detection assembly.

The main detector (A) is a 6" diameter x 1" thickness Nal crystal corre-
sponding to a geometrical surface in the view direction of -182cm2. The crys-
tal is optically coupled to a RCA 8060 photomultiplier tube. The energy resolu-
tion (Full width at half maximum) of the system is 25% at 611 KeV. The crystal
is shielded to charged particles over the aperture by a 5mm-thick plastic
scintillator (P). The active protection at the bottom is achieved by (8" height
x 6" diameter) and (3" x 3") Nal.

The output pulses of the (A) detector, without any anticoincidence signal
from the shielding are analyzed by a 128 and by a 5 channels encoders, respec-
tively. The first one defines a 10-bits word of 4ms total width, randomly
transmitted according to the arrival of the events at the telemetry. The
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contents of each channel of the second encoder are loaded into a shift regis-

ter with 16f rate (f is the on-board clock frequency). The time resolution of

3.6ms is obtained with this circuit.

The similarity between the features of the spectra observed by the same

telescope at the ground and at balloon altitudes (-5 gm/cm2) permitted to

predict the counting rate detected during the floating altitude. These empi-

rical predictions have been conpared with the calculation made by a numerical

simulation computer program. This program has taken into account the contri-

bution of the cosmic and atmospheric photons as well as the induced photon

production in the Nal crystals due to neutrons and charged particles.

A comparison between these results and the flux upper limits for the PSR

0833-45 (Vela) pulsar, reported by several authors,shows that the "Pulsar" ex-

periment is 10 times more sensitive than the presently known instruments in

the same energy range (O.t-1.0 MeV) (Fig. 5).
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Fig. 5 - Comparison between the sensitivities of the detection assembly and the
uppcrlimit fluxes observed by several authors for the PSR-0833-45.
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The s e n s i t i v i t y improvement wi l l allow to verify the theoret ical predic-

t ions that foresee an ext inct ion of the source emission in the X-ray energy

domain. In order to achieve t h i » goal , a balloon f l ight i s expected to occur

during the turn around period of October-November.

"BANTAR" PROJliCT

1NPE balloon facilities permitted to achieve the first Brazilian balloon
launching in the polar region during the Ant art ic expedition. This mission is
scheduled to observe the atmospheric y-ray radiation in the 0.3-8.0 MeVener-
gy range at high latitude.

The experiment consisted of an omnidirectional Nal detector with 3" dia-
meter x 1/2" thickness. The pulse heights delivered from the associated photo-
multiplier tube were analyzed by an on board 256 channels encoder.

The pay load, with a total weight of 25 kg, was launched on board a 7,496m1

Raven balloon at 5UT (January 31, 1984) from the Chilean Base Lt. Rodolfo
Marsch (61°S, 5?°43'*f).

The failure of the balloon that occurred at -ISOgm/an* of atmospheric
depth, just one hour after launching, unfortunately shortened rapidly that
mission.

Nevertheless preliminary analysis has shown that the spectrum detected at
ISOgm/cm* is higher than the results observed at 40°N latitude with omnidirec-
tional detectors which have approximately the same dimensions. At the energy
of 0.5 MeV the ratio of the photon flux estimated from the polar region com-
paring to that from the Northern Hemisphere is -5.

More performant balloon flights, expected in the near future, can provide
more detailed observations of tlie atmospheric Y-ray radiation.

Interpretation of these results can explain the mechanisms of the charged
particles penetration in the polar cap.
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