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A. M. Gal'per, Yu. D. Kotov, and B. I. Luchkov. The
diffuse cosmic gamma radiation. Substantial progress
has been recorded in recent years in gamma astronomy,
which observes the Universe in the most energetic part
of the electromagnetic spectrum (quantum energies
* 105 eV) (see, for example, the review in Ref. 1). This
has resulted from the launching of special-purpose
satellites with onboard gamma telescopes.2·3 Among
these satellites, the European COS-B has produced the
most important result.4

The Galactic gamma radiation at energies from 70 to
5000 MeV has been studied in detail. It has been shown
that nearly 90% of all the gamma radiation is diffuse and
continuously distributed over the Milky Way, while only
-10% comes from discrete (point) sources.

The diffuse Galactic gamma radiation comes about
basically as a result of interaction of cosmic rays with
the interstellar gas, in electron-bremsstrahlung pro-
cesses and when JT° mesons are produced in nuclear
collisions and subsequently decay into two gamma
quanta.5 This accounts for interest shown in study of
the diffuse gamma radiation, the intensity of which is
proportional to the cosmic-ray density and the column
density of the interstellar gas along the line of sight.

Observational data can be used to calculate the dis-
tribution of the volume luminosity in gamma rays as a
function of distance from the center of the Galaxy.6·7

The calculation brings out a significant increase of
luminosity at distances of 4-8 kpc, which correspond
to the large Galac-Ring (Fig. 1). The most reasonable
interpretation of this result is that a large amount of
hydrogen in the molecular state is concentrated in this
ring, its density being several times greater than that
of the atomic hydrogen registered in the radio band at
21 cm.

This important result confirms data obtained by
registering the emission from interstellar CO mole-
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cules, which are excited in collisions with molecular
hydrogen.8

The distribution of gamma luminosity in the direction
of the anticenter of the Galaxy has been used to esti-
mate the density of the cosmic rays on the periphery of
the Galaxy. It has been shown that the cosmic-ray
density decreases toward the periphery, a fact that
favors a Galactic origin for the cosmic radiation.9

The best agreement between the measured differential
energy spectra of the diffuse gamma radiation from
various parts of the Galaxy10 (Fig. 2) and the calculated
spectra is obtained when the content of the cosmic-ray
electronic component is increased. A 100:5 nuclear-
to-electronic ratio is obtained (curve 2) instead of the
100:1 that prevails near the Earth (curve 1).

Finally, a word on the isotropic metagalactic gamma
radiation, which can be distinguished when high
Galactic latitudes are observed. Recently, the tendency
has been to explain the metagalactic gamma radiation
as the aggregate of the radiation from discrete extra-
galactic sources of the type of the Seyfert galaxy
NAC4151." This makes it possible to account for the
inhomogerieities in the energy spectrum of the meta-
galactic gamma radiation in terms of the irregular
spectra of the discrete sources.

We note in conclusion that the results obtained de-
pend strongly on the angle and energy resolutions of
the telescopes. This pertains primarily to separation
of the discrete-source contribution and determination
of the fraction of electrons in the cosmic'rays from the
y radiation in the 10-50 MeV range. Therefore further

- t/r*1

Ίο-'

\

\v

\

-*- COS-B

Point of
*, normal-
№zation

10' ID2 f, MeV

FIG. 1. Radial distributions of volume γ luminosity' and vol-
ume luminosity in 2.64-mm line of Co molecule.8

FIG. 2. Differential energy spectrum of Galactic y radiation.
Showing the spectrum of y quanta from ir°-meson decay and
summed spectra from electron bremsstrahlung and ir°-meson
decay at various ratios of nuclear and electronic components.
Experimental4 and calculated spectra normalized at Ε = 400
MeV. 1—the "usual" e/p ratio; 2—number of electrons in-
creased by a factor of 5.5.
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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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