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ABSTRACT

During the first part of the COMPTON Gamma Ray Observatory sky survey, COMPTEL has detected
the quasars 3C273 and 3C279 and the radio galaxy Centaurus A. This paper summarizes the preliminary
findings and gives an upper limit on the MeV flux of the Seyfert galaxy NGC4151.

INTRODUCTION

Although extragalactic gamma-ray astronomy barely existed prior to the launch of the COMPTON Gamma
Ray Observatory (CGRO), there were good indications that this is a potentially very promising field of
research. Particularly good indicators were the detections of 3C273 by COS-B at energies above 50 MeV
/1/ (suggesting a peak energy output in the MeV range) and the detections of Cen A /2/ and NGC 4151
/3/ at MeV energies.

Since most of the COS-B observations were concentrated along the galactic plane, there was some hope that
the GRO pointings away from the plane might show additional AGNs. This expectation has been borne out,
since the EGRET experiment on CGRO (operating at energies 2 50 MeV) has already detected more than
a dozen AGNs.

The COMPTEL telescope aboard CGRO provides for the first time extensive imaging possibilities at MeV
gamma-ray energies (about 0.75-30 MeV) with a source-location accuracy of typically 1°. A search for AGNs
is underway; this paper reports on a few promising candidates, the radio galaxy Cen A, the quasars 3C273
and 3C279 (both seen also by EGRET), and the Seyfert Galaxy NGC 4151.

CENTAURUS A

Cen A was in the field of view of COMPTEL several times during the sky survey (viewing periods 12, 14, 23
and 27). When all four observations are combined, Cen A is clearly seen at a flux level of about 1.2 x 10~4
photons cm~2 s~! in the energy range 0.75-1 MeV (see Figure 1). Preliminary analyses of the individual
observation periods do not show convincing detections of Cen A. Also shown in Figure 1 are COMPTEL 20
upper limits obtained from observation period 12 (Oct. 1991), together with the simultaneously measured
OSSE spectrum, and other earlier measurements. It can be seen that the COMPTEL upper limits are at
least an order of magnitude below the spectrum obtained with the MPI Compton Telescope /2/.

3C273 AND 3C279

The first observation in the direction of 3C273 (observation period 3, June 1991) surprisingly showed two
sources of y-rays in the wide field of view of COMPTEL and EGRET. Previously, COS-B had only detected
3C273. The second source was soon identified as another well known quasar, 3C279. As seen by EGRET at
energies above 50 MeV, this object was very bright, much brighter, in fact, than 3C273 /5,6/. Meanwhile,
at energies below 3 MeV (as seen by COMPTEL), 3C273 was the dominating source.

Figure 2 shows the energy spectra for both sources as measured by COMPTEL and EGRET. In the COMP-
TEL energy domain their spectra appear to be distinctly different. For 3C273, the COMPTEL measurements
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are consistent with an E~23 differential energy spectrum. The spectrum of 3C279 is much harder at COMP-
TEL energies, consistent with a power-law spectrum with index of about -1.3 to -1.6. Both spectra connect
smoothly to the EGRET measurements.
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Fig. 1. Summary of Cen A measurements (from /4/, with COMPTEL results added). Note that
only the COMPTEL upper limits (26) and the OSSE measurements were obtained simultaneously
(observation period 12, Oct. 1991). The COMPTEL detection of Cen A (0.75-1 MeV) shown in thls
figure was obtained from a combination of four observations (see text).

Figure 3 shows ‘luminosity’ spectra of both sources in comparison with data from other instruments over
a wide energy range (note that only the COMPTEL and EGRET observations are simultaneous). The
luminosity distribution of 3C273 reaches a maximum around 10%° Hz (~ 1 MeV). Above this energy the
luminosity decreases. For 3C279 the maximum luminosity is reached around 3 x 10?* Hz (~ 10 MeV) where
a change in the slope of the spectrum from spectral index -1.4 to -2.0 towards higher energies is observed.
The difference between the spectra of 3C273 and 3C279 might be due to different emission processes in the
two AGNs. At least the 3C279 spectrum cannot be genertated by 44 pair production because, in this case,
the energy of the absorbed radiation must appear at lower energies in the spectrum, which is not seen. Thus
the observed high-energy ¥ radiation must originate in a region optically thin for v-rays.
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Figure from /7/; see there for references.

Following a ”standard” model for AGNs, which assumes an accretion disk around a rotating black hole, the
origin of the y-rays cannot be close to the black hole as this region would be optically thick for y-rays. Thus
our observations favour models (e.g. /8,9,10,11/) in which the y-rays are produced further out, in or near

Fig. 3. ’Luminosity’ spectra :

a) 3C273 — COMPTEL data together with
other spectra as in Figure la ;

b) 3C279 - COMPTEL and EGRET data to-
gether with measurements at lower frequencies
for quiescent (open symbols) and enhanced
(filled symbols) periods. X-ray data are from
Ginga.

Figure from /7/; see there for references.
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the jets ejected from the central engine. Inverse-Compton scattering of low-energy photons, or Doppler
boosted electron-positron annihilation, in these beams might produce the y-rays. In addition, because of the
implied beaming effects, such models can reduce the total luminosity problem by several orders of magnitude

/12/.

NGC 4151

During observation period 4, the Seyfert galaxy NGC4151 was in the field of view of COMPTEL. A prelim-
inary analysis showed no evidence of a detection. A conservative 3¢ upper limit on this source is 1.6 x 10~4
photons cm~2 57! in the energy interval 1 - 30 MeV.

During the part of the sky survey completed sofar, many possible candidates of y-ray emitting AGNs have
been in the field of view of COMPTEL and EGRET. The detections of two AGNs and a radio galaxy during
the far from completed analysis of the COMPTEL data and the detection of a quite large number of AGNs in
the high-energy v-ray range by EGRET are encouraging. We have therefore initiated a more detailed search
for AGNs in the COMPTEL data, with an emphasis on those detected by EGRET and others considered as
potential y-ray sources.
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