
advances in observational gamma astronomy will come
with the development of improved telescopes.
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V. E. Nesterov and O. F. Prilutskii Discrete sources
of cosmic gamma radiation. Although the existence of
the diffuse gamma radiation was predicted long before
the advent of observational gamma astronomy, the
discovery of strong discrete cosmic gamma-ray sources
came as something of a surprise. Data on the discrete
sources remained very spotty during the early develop-
ment of observational gamma astronomy, for two
reasons. First, even though the intensities of the
sources are relatively high, the photon fluxes are very
small, in the range from 10"e to 10"5 photon/cm2 · sec
at energies above 100 MeV. Secondly, the angular reso-
lutions of satellite gamma-ray telescopes are very poor
by contemporary astronomical standards: the total
half-height directional-pattern width of the COS-B tele-
scope, from which the basic information on the discrete
sources was obtained, is about 6° at 100 MeV. Poor
angular resolution and limited observational statistics

"present serious difficulties in the search for astrophysi-
cal objects associated with gamma-ray sources.

The first more or less reliable results on discrete
cosmic gamma-ray sources were obtained from the
special-purpose SAS-2 satellite, which was functional
for 7 months in 1972-1973.l Gamma radiation from the
two fastest radiopulsars, PSR 0833-45 and NP 0532,
was detected. The previously unidentified source yl95
+ 5, whose emission was found to pulsate with a 59-
second period, was discovered in the region of the
Galactic anticenter; the period was increasing at the
rather high rate Ρ~2· 10"9 sec/sec. The announce-
ment that gamma radiation from the pulsars PSR 1747-
46 and PSR 1818-04 had been registered was quite
unexpected; to explain the observed intensity of these
objects, it would be necessary to assume that most
of the energy released on deceleration of the rotating
neutron star is converted to gamma-radiation energy.
Finally, indications of gamma radiation coming from
the unusual x-ray and radio source Cyg X-3 were ob-
tained from the SAS-2 satellite,3 as they had been
somewhat earlier with the balloon-borne telescope
of the Soviet MIFI (Moscow Engineering Physics
Institute) group.2

A new phase in the development of gamma astronomy
began with the launching of the second special COS-B
satellite in August, 1975. This satellite is still func-
tioning, although its design lifetime was only one year.

One of the main results of observations made with
its telescope was the detection of a large number of
discrete gamma sources. Analysis of the data ob-
tained during the satellite's first 2.5 years of service
resulted in a 25-source catalog.4 The parameters of
these sources are given in Table I, while the figure
indicates their distribution on the sky. The discovery of
so many sources resulted primarily from the increased
observational statistics: while SAS-2 registered about
5000 photons from the plane of the Galaxy, the number
registered on COS-B had reached 64 000 by 1978.
Observations made with the more sensitive "Gamma"
telescope should result in many additions to the list of
discrete gamma-radiation sources.

Only three of the 25 sources in the catalog have been
identified: the pulsars PSR 0833-45 and NP 0532 and the
quasar 3C 273. One more source, 2GC 353 +16, may be
associated with a gigantic cloud of gas and dust in
Ophiuchus. The nature of the remaining sources re-
mains unknown, and we can discuss only the statistical-
average characteristics of these objects at the present
time. The salient feature of the population of discrete
Galactic gamma sources is their exceptionally strong

TABLE I. 2Gc catalog gamma-radiation sources.

Designation of
source

2CG0O6-O0
2CG010—31
2CG013+00
2CG036+01
2CG054+01
2CG065+00
2CG075+00
2CG078+01
2CG095+04
2CG121+04
2CG135+01
2CG184—05
2CG195+04
2CG218-00
2CG235—01
2CG263—02
2CG284-00
2CG288-00
2CG289+64
2CG311-01
2CG333+01
2CG342—02
2CG353+16
2CG356+00
2CG359—00

Statistical
significancê

10.2
5.7
5,3
4.9
5,3
5.5 ;
5,8 •

11.9
4,9
4.9
4.9

20.6 ι
27.1

6.2
5.0

35.7 i
6,5 ,
4,8
6,5 !
5.6 :

5.4 i
8.9
5.1
5.3
6,3

Galactic coordinates

6.7 —0.5
10.5 —31,5
13.7 0.6
36.5 1,5
54.2 1.7
65.7 0.0
75.0 0.0
78.0 1.5
95.5 4.2

121.0 4.0
135.0 1.5
184,5 —5.8
195.1 4.5
218.5 - 0 . 5
235.5 - 1 . 0
263,6 —2,5
284.3 - 0 . 5
288.3 —0.7
289.3 64,6
311.5 - 1 , 3
333.5 1.0
342.9 —2.5
353.3 16.0
356.5 0.3
359.5 - 0 . 7

Position
error

1.0
1.5
1.0
1.0
1.0
0.8
1,0
1.0
1,5
1.0
1.0
0.4
0.4
1.3
1,5
0,3
1.0
1.3
0.8
i.O
1.0
1.0
1.5
1.0
2.0

Flux, E>100
MeV (10-*

photon/cm1

sec)

2.4
1,2
1.0
1.9
1.3
1.2
1.3
2.5
1.1
1.0
1.0
3.7
4.8
1.0
1.0

13,2
2.7
1,6
0.6
2.1
3.8
2.0
1.1
2.6
1.8

Spectral
parameter

0.39

0.68
0.27
0.20
0.24

0.43
0.31
0.18
0.33
0.20

0.36

0.15

0.36
0.24
0,46

Nate. The spectral parameter is the ratio of the fluxes in the
ranges E» 300 MeV and E» 100 MeV.
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TABLE Π. Characteristics of unidentified gamma sources 10'

Angular diameters
Intensity, f > 100 MeV
Energy flux, Ε > 100 MeV
Spectium
Variability in time
Distance to sources
Luminosity, E> 100 MeV
Luminosity in other ranges

Less than 1-2°
(1-5) • 10-' phot/cm' sec
(0.4-2)-10-' 'W/m·
Various, averaging £ " '
Not excluded
2-7 kpc
(0.4-5) • 1 0 " W
Lx<0.1Ly

Ltxj<^Ly

concentration near the plane of the Galaxy. Table Π4

lists the statistical- average characteristics of the
unidentified Galactic gamma sources.

At this time, the main obstacle to identification of
discrete gamma sources is the inadequate angular reso-
lution of the gamma-ray telescopes. Observations made
with the "pamma" telescope will advance solution of
this problem, firstly because of the higher angular
resolution of the instrument's track detectors and
secondly because of the new process that will be used
for gam ma-ray imaging. This process, which was
proposed by the Cosmic Ray Institute of the USSR
Academy of Sciences (IKI AN SSSR)5 and independently
at Southhampton University,6 uses an aperture-coding
technique and is capable in principle of improving the
angular resolution of gamma-ray telescopes to one
minute of arc or better.

180
Γψψϊ
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FIG. 1. Distribution of sources in 2GC catalog over celes-
tial sphere. The figure shows the boundaries of the region in
which discrete sources were looked for.
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V. G. Kirillov-Ugryumov, R. Z. Sagdeev, and
Yu. P. Semenov. The outlook for observational gamma
astronomy. The prospects for any branch of observa-
tional astronomy are determined by the development of
its experimental methods and the engineering and finan-
cial backing available for implementation of its scien-
tific programs.

Soft gamma radiation with energies from 0.1 to 10
MeV is of interest to astrophysics because this range
includes the nuclear energy spectra and the positron-
annihilation line. Significant progress in study of the
soft cosmic gamma radiation is expected with the laun-
ching of the heavy American HEAO satellites. HEAO-
3, which was launched in September of 1979, is
equipped with a gamma spectrometer with a 400-cm3

germanium crystal. The spectrometer has a resolution
of 2.2 keV at an energy per quantum of about 1 MeV.
A plan is being prepared for use of the space shuttle
to launch the GRO gamma-ray observatory, which will
carry five large instruments for study of the soft
gamma radiation and medium-energy gamma rays.

The prototype of the modern spacecraft-borne
medium-energy gamma-ray telescope was the Soviet
instrument carried aboard the Kosmos 251 and Kosmos
264 satellites.1 All telescopes of this type have as com-
ponents multiplate spark chambers for registration of
the electron-positron pairs from gamma-quantum con-
version and a system of scintillation and directional
Cherenkov counters to trigger the spark chambers and
suppress the charged-particle background.

Much of our recent statistical information on the
medium-energy range, where the spectrum may present

a broad ir°-meson maximum, has been obtained from the
special-purpose European COS-B satellite.2 At the same
time, since the energy threshold of the telescope on
COS-B was above 50 MeV, the range of the spectrum
from 10 to 50 MeV has not yet been thoroughly investi-
gated. Measurements of the gamma-ray fluxes in this
range would make it possible to determine the ratio of
the electronic and nuclear components in the cosmic
rays. This is important for analysis of possible
sources of high-energy particles and for understanding
of the mechanism of flares, including those on the sun.

The MIFI has developed a telescope for the gamma-
quantum range from 10 to 100 MeV. It was possible to
lower the telescope's registration threshold by reducing
the chamber-electrode thickness to 0.01 of the radiation
length and using a time-of-flight system instead of the
Cherenkov counter. The first model of the telescope
has been tested successfully on high altitude balloons in
the USSR and in India.3

In spite of the impressive results obtained in studies
of cosmic sources of gamma rays with energies above
50 MeV with the aid of the SAS-2 and COS-B satellites,4·5

several problems of fundamental interest to astrophysics
still remain open. Among them is the question as to
the composition of the gamma radiation: does the main
contribution to this flux come from the diffuse com-
ponent that arises on interaction of the cosmic rays
with the interstellar gas or from unresolved discrete
sources?

Nor is the nature of the discrete sources themselves
clear, except for the two gamma pulsars. Solution of
such problems will require the development of a new
generation of gamma telescopes with much higher sen-
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