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Abstract 

The Soviet spacecraft GRANAT, to be launched in the near future, will 
carry the French telescope SIGMA, designed to obtain high-sensitivity images of 
the sky in the 30-2000 keV energy range, with an unprecedented angular 
accuracy. The principal objective of the experiment will be to locate and study 
galactic and extragalactic celestial bodies vhere high-energy phenomena Cake 
place. The telescope features a coded mask 2.5 m away from a position-sensitive 
detector, surrounded by a thick anticoincidence shield. An operational life 
time in excess of 18 months is foreseen, so that hundreds of targets can each 
be observed. In thiT paper, ve describe the key figures and the anticipated 
performances of the instrument in the light of the principal scientific 
objectives of the mission. 

1. Introduction. The SIGMA experiment (Système d'Imagerie Gamma à Masque 
Aléatoire, i.e. random mask gamma-ray imaging device), was first proposed to 
CNES (Centre National d'Etudes Spatiales, the French Space Agency) in June 1981 
by two french laboratories (Service d'Astrophysique at Saclay and Centre 
d'Etude Spatiale Jes Rayonnements at Toulouse). It is nov engaged in the 
framevork of a French-Soviet joint program as the main payload of the GRANAT 
spacecraft, entirely devoted to X and gamma-ray astronomy. The engineering 
model of the telescope is currently involved in series of integration 
activities in Soviet-Union, vhile building, tests and calibrations of the 
flight hardware are going on in the French laboratories as veil US in the CNES 
Space Technical Center in Toulouse. 

2. Summary of scientific objectives. The main goal of the SIGMA mission is 
to perform accurate images of the sky in the hard X-ray/lov-»nergy gamma-ray 
domain, which is almost unexplored. Astronomical observation? in ?uch a 
spectral range should provide a privileged way to explore the sites where the 
largest energy transfers occur, and to study the violent processes which 
determine the dynamics and evolution of stars and galaxies. It is beyond the 
scope of this paper to detail the field of a high-energy astronomy mission such 
as SIGMA ; however, among many others, two ohiecti''"? H-^erve particular 
attention. 

i) The galactic center. Thanks to the gamma-ray spectrometer 
onboard the HEAO-3 satellite (Riegler et al. 1961), the presence of a variable 
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Pig. 1. SIGMA point source sensibility together vith spectra of typical 
gamma-ray caitters. 

electron-positron annihilation line emission from the center of our Galaxy is 
now well admitted. However, a detailed picture of the 511 keV line emission 
distribution is still lacking, resulting in a quite confuse situation vith 
regard to the origin of this emission. Both the imaeing c^r^'l'ty "f r-he SIGMA 
telescope, and the energy resolution of its detection d* •ir.°. should enable a 
much better understanding of the actual na'ure of the physical processes 
prevailing in the galactic center, and clarify the controversial speculations 
concerning the existence of a massive black hole at the center of our Galaxy. 
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22 Pig. 2. Measured energy spectrum of a Na radioactive source disposed 1 m 
above the unshielded position-sensitive detector engineering model. Peaks at 
channel 265 (resolution 7.9 %) and at channel 665 (resolution 5.1 X) relate 
respectively to the 511 keSLelectron-positron annihilation line and to the 1275 
keV line emitted by the Na source. The peak at channel 29 relates to the 60 
keV line induced by the cvo on board Am calibration sources. 

ii) The Active Galactic Nuclei (AGN). The SIGMA experiment vill 
operate in an energy range where cosmic sources, with energy spectral indices 
typically -1 (as it is the case for many AGN), are most easily detected. 
Moreover, the low energy gamma-ray spectra so far measured indicate clearly 
that a significant fraction of the AGN emitted-pover lies within the SIGMA 
bandvidth. It is then anticipated that SIGMA will be abl« t? measure the 
high-energy emission of several tens of extragalactic «'•iec? '-'*M and 
quasars), aiming to determine their overall luminosity a? veil as their most 
prominent spectral features, such as a break in their spectra which may reveal 
absorption phenomena induced by photon-photon interactions. 

3. Instrument concept. The SIGMA experiment h?s be°" ''«•-'gne'1 to fulfill 
scientific requirement of a high angular accuracy. The telescope the basic 

features : 
i) 

principle of 
a large position-sensitive detector which conforms to the 

p w ^ . K » uv the Anger gamma-camera, with a 1.25 thick Nal(Tl) crystal 
optically coupled to 61 hexagonal PM tubes inserted in a carbon fiber honeycomb 
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structure mounted belov the crystal. The accompanying electronic devices allow 
the localisation of the photon interactions within the crystal with ah accuracy 
of about 3 mm. 

ii) An active CsI(Tl) anticoincidence shield which surrounds the 
position-sensitive detector, and limits its field of view to about 1 sr. A thin 
(5 mm) plastic scintillation detector, covering the field of view, vetoes 
incoming charged particles. In order to reduce the low-energy photon induced 
background, an additional passive graded shield is wrapped around the tube 
holding the mask. 

iii) A 1.5 cm thick tungsten mask, consisting of 49x53 elements* 
built on the basis of a 29x31 Uniformly Redundant Array of the type first 
discussed fy Fenimore and Cannon (1978), known to have ideal imaging 
properties. The mask is mounted 2.5 m away from the detection plane ; it is 
made from 9.4x9.4 mm tungsten elements. All these characteristics impose -
the key properties of the telescope : detector sensitive area (800 cm ), 
maximum sensitivity field of view (4.4x4.8 deg.), and intrinsic resolving power 
(13 arc.min). 

4. Performances. The anticipated performances of the SIGMA telescope 
depend on both the efficiency of the position-sensitive detector and the 
background. While the sensitivity of the de'.actor can be simply derived from 
actual measurements, a realistic estimate of the background requires detailed 
Monte-Carlo simulations. Taking into account all the expected background 
contributions (diffuse celestial, spallation, secondary neutrons and photons 
induced within the spacecraft), the expected background counting rate between 
30 keV and 2 MeV will be about 300 counts per sec. over the whole sensitive 
area. It is then possible to deduce the continuum sensitivities, corresponding 
to 3 a significance in 10 s and 10 s observations (figure 1). 

The emission line sensitivity depends also on the energy resolution of the 
detector, which has been measured to be - 8 Z at 511 keV and - 5-Z at 1275 keV 
(figure 2). The resulting 3 o line sensitivity is 3.3 10" ph.cm" s" at 70 keV 
(typical of the cyclotron line features arising from quantization of electron 
energy in the intense magnetic field near the poles of a magnetized neutron 
star), and 1.6 10" ph.cm" s~ at 511 keV (the electron-positron annihilation 
line). 
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