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ABSTRACT 

A list of 25 high-energy (E > 100 MeV) gamma-ray sources detected by COS B is presented. 
Only four sources are identified with well-known objects. Of the remaining sources, 20 are at low 
galactic latitude, and they may represent a new galactic population. Their luminosity is estimated 
to be in the range (0.4-5) X 1036 ergs s_1. It is seen that several hundred such sources may exist 
in the Galaxy. Their nature is not understood. 
Subject headings: gamma rays : general 

I. INTRODUCTION 

The detection by COS B of 13 high-energy gamma- 
ray sources (Hermsen et al. 1977) has shown for the 
first time that copious gamma-ray emission is produced 
in numerous localized regions. The mysterious nature 
of those objects has persisted because of the lack of 
unambiguous identification, except for PSR 0531+21 
and PSR 0833-45. 

COS B has continued to operate successfully since its 
launch in 1975 August, and sufficient data have now 
been accumulated to permit a more systematic search 
for gamma-ray sources in the Galaxy. The results of 
the survey provide the basis for an unbiased investiga- 
tion of the gamma-ray sources, which is the first 
requirement for the derivation of the main charac- 
teristics of this population. 

II. OBSERVATION AND RESULTS 

The characteristics of the instrument and the im- 
portant features of the COS B mission have been 
described by Bignami et al. (1975) and Scarsi et al. 
(1977). The 32 observations, each typically of 1 month 
duration, used for this investigation were made in the 
period 1975 August to 1978 December. The region of 
the sky covered is shown in Figure 1. The angular 
resolution of COS B below 100 MeV is inadequate to 
maintain a sufficiently uniform source visibility 
throughout the Galaxy because of the complex structure 
of the galactic gamma-ray emission, particularly in the 
intense regions of the inner Galaxy (Mayer-Hassel- 
wander et al. 1980). Therefore only events of measured 
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energy above 100 MeV have been used in this search. 
The measured arrival directions of the gamma rays 
have been sorted into 0?5 X 0?5 bins. The resulting 
skymap was analyzed using a cross-correlation method 
in which the distribution of the photon arrival direc- 
tions was correlated with the distribution expected for 
a point source. This latter distribution, the intrinsic 
point-spread function of the instrument, was deter- 
mined by calibration and confirmed by the actual flight 
data for the strong source PSR 0833—45. A gamma-ray 
source is thus defined as a significant excess which has 
a spatial distribution consistent with the point-spread 
function. Pertinent aspects of the complete analysis 
have been presented by Hermsen (1980). Here it 
suffices to summarize its prime characteristics. The 
main advantage is that the presence in the data of the 
signature of a point source, i.e., the point-spread func- 
tion, is exploited, yielding a favorable combination of 
sensitivity, positional accuracy, and low susceptibility 
to spurious effects. On the other hand, the method im- 
poses certain limitations. For instance, the effective 
angular resolution is slightly degraded, which impacts 
on the ability to distinguish between a real point 
source and an extended region of emission and on the 
sensitivity in confused regions. 

Preliminary results using this method have been 
presented by Willis et al. (1980). Rigorous application 
of selection criteria as described by Hermsen (1980) 
results in the catalog presented in this Letter. From ex- 
tensive simulations, it was concluded that for the entire 
search not more than one spurious detection above the 
adopted selection threshold could be expected (Hermsen 
1980). 

The positions of the 25 detected gamma-ray sources 
are shown in Figure 1. Parameters of these sources, 
designated 2CG {l-b) following Hermsen et al. (1977), 
are given in Table 1. The error radii (^90% confidence 
level) have been derived using representative simula- 
tions. Although the profiles of all the sources are com- 
patible with that expected for a point source, the 
angular extent of the sources may be up to 2°. Because 
the detector’s sensitive area varies with energy, the 
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conversion from source counts to source flux depends 
on the assumed spectral shape. The flux values listed 
in Table 1 have been derived assuming E~2 differential 
photon spectra, because this slope is consistent with 
the average observed ratio of fluxes above 300 MeV 
and 100 MeV (see seventh column of Table 1). It can 
be seen that individual spectra deviate from this aver- 
age (see also Wills et al. 1980), and therefore individual 
fluxes must be considered approximate (about ±30%). 

The CG sources (Hermsen et al. 1977) not appearing 
in the 2CG catalog, CG 176-7, CG 189+1, and CG 
327—0, do not meet the presently adopted acceptance 
criteria. Their absence is either due to the higher 
threshold of statistical significance, to spatial extension 
of the enhancement, or to source confusion. It is noted 
that the flux reported by Hermsen et al. (1977) for 
CG 176—7 was in conflict with the upper limit derived 
by Hartman et al. (1979). Three of the four localized 
sources observed by SAS 2 (Hartman et al. 1979) are 
among the brightest of the present catalog. However, 
the fourth one, identified with Cyg X-3 by Lamb et al. 
(1977) is not apparent in the COS B data. The Cygnus 
region has been observed by COS B three times (1975 
December, 1977 June, and 1978 November). For each 
observation a timing analysis at the characteristic 
period of 4.8 hr has been performed with consistently 
negative results at the level reported by Bennett et al. 
(1911 b) for the first observation. 

Of the 21 sources which have been observed at least 
twice, 20 were visible in each observation. In one case 
(2CG 356+00) a source has been clearly seen only in 
one of four observations. This particular case presents 
a hint for time variability at the 99% confidence level. 
Also, it has been recognized that the flux from the 
region 79° < / < 84° and |6| < 2?5 shows differences 

between the three observations of the Cygnus region, 
suggesting a contribution from variable sources. How- 
ever, the structure in this region cannot be resolved 
into individual sources. 

It is noted that, although the sources in the Cygnus 
region (2CG 075+00 and 2CG 078+01) and in the 
Carina region (2CG 284—00 and 2CG 288—00) are 
quoted in the catalog as individual entries, the cor- 
responding structures could also be interpreted as ex- 
tended features. 

Only four sources of the catalog have been identified : 
2CG 184—05 and 2CG 263—02 are identified with the 
Crab and Vela pulsars through their timing signature 
(Bennett et al. 1911a). The other two are identified be- 
cause of the remarkable positional coincidences, 
2CG 289+64 with 3C 273 (Swanenburg et al. 1978; 
Bignami et al. 1980) and 2CG 353+16 with the p Oph 
cloud complex (Mayer-Hasselwander et al. 1980; Big- 
nami and Mor fill 1980). For the remaining 21 sources, 
no unambiguous counterparts appear to exist at other 
wavelengths. With the exception of 2CG 010—31 all 
these sources lie close to the galactic disk. 

in. DISCUSSION 

These observations confirm the existence of a galactic 
population of gamma-ray sources. At first glance this 
population appears to be rather uniformly distributed 
in galactic longitude. The picture changes, however, if 
the selection effect introduced by the higher detection 
threshold in the brighter parts of the galactic gamma- 
ray plane is reduced by selecting only the stronger 
sources. The distribution of a sample of sources with 
fluxes greater than 1.3 X lO"“6 photons cm-2 s“1 (Fig. 
1, filled circles) shows a magnitude concentration to- 
ward the inner part of the Galaxy. This is particularly 

!r = * 90° 

180° 

Fig. 1.—Region of the sky searched for gamma-ray sources {unshaded) and sources detected above 100 MeV by spatial analysis. The 
filled circles denote sources with measured fluxes >1.3 X 10-6 photons cm-2 s-1. Open circles denote sources below this threshold. 
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true since this sample is considered to be complete in 
the region 90° < l < 270°, whereas it may not be com- 
plete in the central region of the Galaxy owing to con- 
fusion and the high level of background radiation. 

The lack of identification of sources and, hence, the 
lack of knowledge about their distances prohibits the 
calculation of individual luminosities. Nevertheless, 
estimates for the average luminosity follow directly 
from limits on typical distances as derived from the 
observed longitude and latitude distribution. 

Under the assumption of a rather symmetric galactic 
distribution of sources, the absence of a strong concen- 
tration in longitude close to the galactic center, say 
within ^30°, implies an upper limit to the typical 
distance of about 7 kpc. On the other hand, the con- 
finement in latitude leads to a lower limit. Inside the 
solar circle scale heights of various populations are 
known to be independent of distance (e.g., Guibert, 
Lequeux, and Viallefond 1978). Accordingly, the sample 
of sources defined by 300° < l < 60° has been selected 
to estimate this lower limit. The average deviation 
from 6 = 0° for this sample is 1?1. Assuming that the 
minimum scale height observed among galactic popula- 
tions, i.e., that of young objects and their tracers, of 
^40 pc (Guibert et al.) also represents a lower bound 
for gamma-ray sources, their typical distance is not less 
than 2 kpc. In addition, selection effects and the in- 
accuracy in measured positions have to some extent 
blurred the inherent latitude distribution. Therefore 
this value should be regarded as an extreme limit. Con- 
versely, it is noted that the 7 kpc upper limit on source 
distances derived above restricts the maximum scale 
height to 130 pc. Using the derived range of distances 
of 2-7 kpc and the average source flux and spectrum, 
the average luminosity of this sample of sources, taking 
(E) = 250 MeV, is in the range of (0.4-5) X 1036 ergs 
s"1, assuming their emission is isotropic. Considering 
the fact that scale heights tend to increase outside the 
solar circle, it is stressed that the latitude distribution 
of the 11 unidentified sources in the range 60° < l < 
300°(<|Z>|> = 1?7) is compatible with a similar 
distance range. Although their average intensity is 
slightly lower, one may conclude that the average 
luminosity of all unidentified sources falls in the same 
range as derived above. Luminosities in this range are 
not exceptional in themselves. One should consider, 
however, that the absence of strong (e.g., >3 Uhuru 
counts) X-ray counterparts implies that Ly{> 100 
MeV) > 10LZ (2-10 keV), and from a similar argument 
Z,7(> 100 MeV) »¿radio. 

Vol. 243 

Reliable estimates for the total number of sources in 
the Galaxy require special assumptions on their 
galactocentric distribution (Bignami and Caraveo 
1980), their luminosity function (see, e.g., Bignami, 
Caraveo, and Maraschi 1978; Rothenflug and Caraveo 
1980), and the emission mechanism (isotropic or 
beamed) and are not attempted here. It is evident from 
geometrical considerations that this number exceeds 
100. A reasonable upper limit is 1000 in order not to 
conflict with the limits imposed by the total gamma-ray 
luminosity of the Galaxy (Caraveo and Paul 1979). 

The question as to the nature of these objects remains 
difficult to address, particularly owing to the lack of 
identifications. Because of the large error boxes, identi- 
fication of the sources in the absence of a timing signa- 
ture can best be attempted on a statistical basis. This, 
however, requires that a sample of the population of 
candidate objects can be selected which is sufficiently 
complete to distance of 2-7 kpc and which in addition 
contains a small enough number of objects to make the 
correlation significant. Such investigations should be 
supplemented by the formulation of at least rudi- 
mentary source models, which reproduce the average 
characteristics of the population such as luminosity, 
distribution, and the total number in combination with 
the absence of copious X- and radio emission. The 
astrophysical difficulties which must be overcome in 
the formulation of source models, as summarized, for 
instance, by Swanenburg (1979), are significantly am- 
plified as a direct consequence of the high luminosity 
inferred from the present result. 

Members of two classes of well-known galactic ob- 
jects have been associated with sources of gamma-ray 
emission, i.e., molecular clouds in Orion (Caraveo et al. 
1980) and the p Oph cloud complex (2CG 353+16) by 
positional coincidence and the pulsars PSR 0531+21 
and PSR 0833—45 by their timing signature. It is 
questionable whether either of these classes can be con- 
sidered as typical representatives of the main popula- 
tion of gamma-ray sources. To be visible beyond 2 kpc 
individual molecular clouds would have to be irradiated 
by a flux of cosmic rays much greater than the local 
value. Similarly the output in gamma-rays from a 
typical radio pulsar would have to be stretched much 
beyond that observed in Crab and Vela. 

G. G. L. acknowledges the receipt of an ESA fellow- 
ship. J. L. M. thanks the Centre national de la recherche 
scientifique for support. 
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