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Summary. A search through COS-B data for y-radiation from a
number of extragalactic objects reveals no strong evidence for any
positive identification except, as already reported, for the region
around the quasar 3C273. Upper limits to the photon fluxes from
active extragalactic objects are evaluated using a likelihood
method. They reinforce the conclusion reached by Bignami et al.
(1979) from the SAS-2 data that the flux upper limits lie sub-
stantially below the extrapolation of spectra measured at X-ray
energies. The proposed identifications of 2CG135+01 are also
discussed.

Key words: active galaxies — y-ray sources — COS-B — y-ray
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I. Introduction

The identification of quasars, Seyfert and other active galaxies as
general classes of X-ray sources has been established through the
work of the groups attached to the Ariel V, Uhuru, and SAS-3
satellites, and more recently, the HEAO series. Measurements of
these objects are now available variously from radio through to
X-ray frequencies and it is therefore an opportune moment to
publish the high-energy y-ray observations that are available. The
SAS-2 results, which cover the energy range above 35MeV, have
been published recently (Bignami et al., 1979). The present paper
gives the results of a search in the COS-B data for evidence of y-
ray emission above 50MeV from a number of extragalactic
objects. The larger part of the COS-B programme has been
dedicated to a survey of the galactic plane (Mayer-Hasselwander
et al., 1980) but high-latitude measurements are also available. A
search for y-ray sources using a cross-correlation method led to
the discovery of excess y-ray emission from the sky in the region of
3C273 (Swanenburg et al., 1978; Bignami et al., 1980). Consideration
of possible emission from specific objects allows the use of a different
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method based on the likelihood function. This method has particular
advantages in the estimation of source parameters.

I1. Method of Analysis

The approach to statistical inference employed in this paper has
been particularly encouraged by Edwards (1972). Its central idea
is summed up in the likelihood axiom:

“Within the framework of a statistical model, all the infor-
mation which the data provide concerning the relative merits of
two hypotheses is contained in the likelihood ratio of those
hypotheses on the data, and the likelihood ratio is to be in-
terpreted as the degree to which the data support the one
hypothesis against the other.” -

The likelihood ratio allows a choice between specific hy-
pothesis: in particular between different statistical models or
different values in a particular model. In the present context the
different hypotheses are characterised by different values of X, the
fraction of the observed photons attributable to a point source. To
be specific, with attention confined to parts of the sky in which the
background is uniform, the probability of observing a photon in
the solid angle element dQ, centred at coordinates («,6) in the
region Q2 can be written as

p(a, 6, A, B)dQ =(AS(6)+ B)dQ, 1
where [pdQ=1.
Q

The function S(6) describes the response of the detector to a
point source and depends only on 8, the angle between the source
and the reconstructed photon trajectory. It is known from
calibration measurements which have been confirmed through
observation of the pulsed radiation of the Vela pulsar (Scarsi et al.,
1977 ; Hermsen, 1980). The data have been divided into the energy
ranges 50-150 and 150-5000 MeV, for which

[6S(6)dQ

)= [S(6)d2

@
is about 5° and 3° respectively. A compromise must be sought
between the ability to collect all the photons from a source and
possible confusion from large-scale gradients in the data or from
other objects. Therefore all the photons observed within angles,
O ey Of 7.5° and 5° at low and high energy respectively have been
used. This involves renormalisation by factors of 1.25 and 1.10 to
convert to the entire flux from the source. The constants 4 and B
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Fig. 1. An idealised likelihood curve showing the value of X best
supported by the data (x') and the upper limit (x,) corresponding
to a ratio of e* between the likelihood of X =x, and X =x,. The
parameter A is defined in the text

0" RA(1950)

Fig. 2. Regions of the sky used in the present search (shaded). The
regions at low galactic latitude were excluded because of the non-
uniform background

in Eq. (1) give the relative contribution of source and background
and are related through the normalisation of p. For the N photons
observed within 0, the likelihood then reduces to a function of
the single parameter, X, the fraction of photons from the source at
0=0,

N 0.
zoo-11 (212

i=1

4 1-X )
1 2n(1—cosf,,,)

with

Omax

I=2n | S(0)sin0do
(4]

and X =AlI.

117

Table 1. COS-B observations used in the search

Observation  Epoch Pointing Direction
no. (1950.0)
from to

RA. dec.

8h 3lm  —45°
3 1975-10-20  1975-11-28 8h 57m  —40°
6 1976-01-23 19760223  13h 16m  —44°
10 05-24 0624 12h 2lm + 7°
12 07-24 08-21 8h 56m  —41°
15 11-02 12-10 1h 10m —-74°
19 - 03-07 04-14 7h Im — 6°
20 04-14 05-02 %h 40m  -—28°
23 07-15 08-18  12h 40m —18°
27 12-07  1978-01-13  12h 31m  +34°
31 1978-05-03 0609 9h 5lm + 9°
32 06-09 07-17  12h 26m  + 2°
34 08-23 09-29 5h 33m - 5°
37 12-11  1979-01-17 Oh 24m  +42°

For convenience the natural logarithm of the likelihood will be

used:
1-X
I 2m(1—cosf,,)/

InL(X)= i In (XS(Bi)
i=1

The parameter In L(X) is a relative measure of how well the data
support the hypothesis X =x; if InL(x,)>InL(x,) then x, is a
better value than x,. All the information about X is contained in
the curve InL(X) against X. In general this curve shows a
maximum corresponding to the value of X best supported by the
data (see Fig. 1). Upper limits on the intensities of candidate
sources may be derived by determining the value of X at which
In L falls to some value InL_,, — u. A value of =2 corresponds to
a ratio of e*=7.4 between the likelihood of the best supported
value of X and the upper limit. In a classical treatment of
Gaussian statistics this would correspond to a confidence level of
20. In cases where the parameter

A=InL_, —InLX=0)>u

it is possible to define also an equivalent lower limit. However it
should be remembered that it is usual practice to demand stronger
evidence, of which 1 provides a continuous scale, before a
measurement of a positive signal from a source is claimed.

III. Application to the COS-B Data

Away from the galactic disk, the flux detected by COS-B, consists
mainly of a high particle background, of the residual galactic
emission and of the isotropic flux (Fichtel et al., 1978). We have
restricted our study to those regions of the sky above a longitude
dependent latitude limit where inspection reveals that the back-
ground is adequately described as uniform over the field used for
the search. The list of the observations available under these
conditions is given in Table 1. The sky coverage thus achieved is
shown in Fig. 2. The objects studied were those within 15° of a
COS-B pointing direction which appear in the following lists:

1. Seyfert galaxies (Weedman, 1977) with several additions of
galaxies identified through their X-ray emission;
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2. quasars (Burbidge et al., 1977) arbitrarily selected with
visual magnitude m,<16.5;

3. BL Lac objects (Stein et al., 1976);

4. assorted active galaxies, including N galaxies and other
emission line galaxies that are known as X-ray sources (Marshall
et al., 1978);

5. some galaxies in the local group (Kraan-Korteweg and
Tammann, 1979).

The results in the two energy intervals are shown in Tables 2a
and 2b where each object is accompanied by

1. the position;

2. ¢z, in kms™};

3. N, the number of photons in the 6, degree circle;

4. A=InL_, —InL(X=0);

5. a tabulation of the InL curve in the form of the values nf,
the numbers of photons from the object for which InL is a
maximum and for which it has fallen 1, 2, and 3 below the

maximum
6. the photon flux in cm~2?s~* as an upper limit corresponding
to n; ;

7. the COS-B observation periods from which the data were
obtained.

It is seen that the highest value of A(5.9) is associated with the
quasar 1226 +023 (3 C273) above 150 MeV. This corresponds to a
likelihood ratio of 376 whereas the next highest value (3.6)
corresponds to a ratio of only 38. There is thus strong evidence for
an excess in the region of 3 C273.

In order to investigate how well this excess is associated with
the quasar, a similar procedure to that used above in connection
with X can be used jointly for X, «,, J, where «,, J, are the
coordinates of the y-ray source. Thus

YoOXS@®)  (1-X)
In L(X, 8, 80)= 3, In ( I —cosem))’

i=1

where
2n Omax

I'= jd¢ j dfsin6 S(0"),
0 0

and ¢’ is the angle between the supposed position (e, d,) of the
source (0, ¢,) in the coordinate system centred on the object and
the photon direction o, §(6, ¢).

Again, all the information about X, «,, d,, any one of which
cannot be considered independently of the other two, is contained
in the surface In L(x, &y, 6,,) in three-dimensional parameter space.
However, in order to give an indication of the values of &, and §,
which are supported by the data, Fig. 3 shows contours of
InL_, (0, o) which is the logarithm of the likelihood at «,, 6, for
the value of X which maximises it. X, is not the same at every
point. The regions traced out in this way give a good idea of the
weight to be attached to each possible position because the
likelihood at all other values of X other than those implicit in the
diagram is smaller. The contours are at values of InL=1,2, and 3
below the maximum with respect to X, o, and §, jointly.

This figure is strong evidence for the association of the excess
with 3C273, supporting the identification of CG291+65
(Swanenburg et al., 1978; Bignami et al, 1980). A secondary
conclusion from the figure is that the values of A associated in the
tables with Mkn 50 are mainly due to counts from 3 C 273 which is
only 1°6 away. In other words, it is probable that a single excess is
responsible for the results of both objects. Use of the likelihood
ratio for the photons above 150 MeV (where the resolution is
better) in the circle centred on the point midway between the two
objects, allows a direct comparison between the 3 hypotheses:

Table 2a. 50— 150 MeV

R o ez N A n§ By n] ng B] np nh Fux L oeseRvATIons
SEYFERT TYPE 1 GALAXIES
ZWICKYL 9.9 40.1 18260 101 0.2 8.0 31.4 4.4 49.3 2.1E-06 37
KN352 143 316 4500 63 3.3 1.4 6.5 13.7 32.6 51.8 59.6 65.5 3.9E-06 37
AKNaZ 2005 319 10800 56 0.0 0.1 15.5 22.5 28.0 1.7E-06 37
HKN358 209 31.3 13750 50 0.4 80 23.4 30.1 35.3 2.4E-06 37
AKNL20 78,4 -0.2 9900 123 0.0 0.0 12.7 21.8 29.4 1.4E-06 34
ZWicKYz  145.6 1.3 15200 119 0.0 0.0 22.6 33.9 42.9 2.6E-06 31
3c227 16,3, 7.7 25600 13 2.7 5.3 15.5 4l.6 69.3 81.0 89.9 5.4E-06 31
axNzz3 148.7 7.4 6600 137 0.1 8.1 36.2 48.5 58.1 3.26-06 31
NGC4051  180.1 44.8 700 48 0.0 35 2109 29.8 35.9 2.3E-06 27
NGC4l51  182.0 39.7 990 69 1.0 0.3 19.3 40.7 49.6 56.4 2.8£-06 27
HKNSO 1852 3.0 6910 238 2.4 4.0 18.3 55.2 94.3 110.9 123.8  2.76-06 10,32
X COMAE  194.5 28.7 27600 93 0.0 0.0 11.6 19.7 26.7 1.1€-06 27
TKNGa 19.2 3¢.7 55200 85 1.3 2.6 23.7 47.0 56.9 64.5 3.1E-06 27
IC4329A  206.6 -30.0 4140 126 0.0 2.9 267 37.3 45.6 3.3E-06 6
ESOL13-1645 20.5 -59.1 13800 128 0.0 00 121 20.7 27.8 1.56-06 15
N348 1105 32.6 4200 67 3.6 3.2 9.5 18.1 39.2 61.7 70.3 76.7 4.26-06 37
HKNL 183 32.8 4800 60 1.2 200 21.5 43.2 52.0 58.5 3.56-06 37
NGC3227  155.2 20.1 1000 66 0.7 16.1 336 41.6 47.8  4.6E-06 31
SEYFERT TYPE 2 GALAXIES
NGC4507  188.2 ~39.6 3310 159 0.0 1.4 27.6 39.7 49.1 2.3E-06 6
1KN268 204.7 30.6 12300 51 0.2 6.8 234 30.8 36.6 2.7€-06 27
QUASARS
01304329 23.7 32.9 110000 38 0.0 0.6 15.6 22.2 27.3 1.9E-06 37
04544039 73.5 3.9 404000 85 0.0 0.0 15.7 26.0 30.6 2.3E-06 34
073+017  1la.2 1.7 57300 86 1.0 23.0 47.8 58.5 66.6 3.8E-06 19
10014056 150.6 5.5 48300 128 0.5 1800 47.5 59.9 69.4 4.26-06 31
10044130  151.2 13.1 71900 104 0.0 0.0 9.9 17.5 23.9 1.3E-06 31
11284315  172.1 31.5 86600 55 0.4 9.5 27.2 35.0 6l.1 2.8E-06 27
1146-037  176.6 -3.8 102000 171 1.5 5.1 32z 61.7 76.4 84.2  2.76-06 10,32
1156+295  179.2 29.5 219000 81 0.0 1.7 23.6 32.9 40.3 1.9E-06 27
12024281  180.5 25.2 495000 80 0.1 4.5 25.9 35.2 42.6 2.0E-06 27
12084322 162.0 32.2 116000 90 0.9 20.3 44.1 54.5 62.6 2.8E-06 27
12154113 186.0 11.4 415000 198 0.0 0.0 30.1 46.5 55.8 1.26-06 10,32
12234252 165.8 25.2 80300 82 0.0 0.1 16.1 26.3 32.8 1.5E-06 27
12254310 186.3 31.0 660000 102 0.8 212 46.7 57.6 66.0 2.8E-06 27
12264023 186.6 2.3 47400 242 2.2 2.6 16.6 53.4 92.1 108.7 121.7 2.6E-06 10,32
12294204  187.5 20.4 19200 122 0.0 0.0 17.0 27.0 35.1 1.1€-06 10,27
1302-102  195.7 -10.3 85700 78 0.0 2.5 206 28.8 35.2 1.6E-06 23
13174277 199.3 27.7 306000 71 0.2 83 27.7 36.3 42.9 2.4E-06 27
13184201 199.7 29.1 511000 66 0.9 17.7 391 46.1 55.0 3.26-06 27
13214294 200.3 29.5 288000 69 0.3 1004 30.9 39.8 46.5 2.7€-06 27
1355-416  209.0 -41.6 93800 180 0.5 2113 54.5 69.0 80.2 3.8E-06 6
BL LAC OBJECTS
09574226 149.4 22.€ 73 0.0 0.0 11.2 18.7 24.9 2.1E-06 31
11474265 176.9 24.6 53 1.0 0.0 17.5 36.4 46.2 50.0 3.4E-06 27
12154303 183.9 30.3 % 0.9 195 43.3 53.4 61.3  2.76-06 27
1219+285 184.9 28.5 93 0.2 10.6 36.2 44.5 52.4 2.3E-06 27
12254206 186.4 20.6 122 0.0 0.0 1114 20.6 26,0 8.1E-07 10,27
13074121 196.9 12.2 186 0.2 12.1 45.3 59.6 70.8 2.3E-06 10,32
ASSORTED ACTIVE GALAXIES
Nec2110 87.4 -7.5 2100 138 0.0 4.4 32.3 44.7 56.4 2.8E-06 3¢
NGC2992  145.8 -14.1 2200 30 0.0 0.0 8.9 14.0 18.1 2.1€-06 20
HCG5-23-16 145.9 =30.4 2450 253 0.9 31.7 67.6 83.1 95.2 2.4E-06  3,12,20
ne7 187.1 12.7 1210 176 1.0 0.4 27.7 57.7 70.6 80.7 2.0E-06 10,32
CEN A 2006 -62.8 250 227 0.0 5.6 37.6 52.1 63.5 2.56-06 6
LOCAL GROUP GALAXIES
NGC147 7.6 48.2 37 110 0.2 8.9 32.5 42.9 51.0 2.5£-06 37
ANDITI 82 36.2 37 97 0.0 00 9.9 17.7 26.4 9.5€-07 37
N6C185 9.1 481 37 105 0.2 9.4 331 43.7 52.0 2.5E-06 37
NGC205 9.4 414 37 95 1.2 1.6 22.8 46.4 S6.4 64.1 2.86-06 37
n3z 100 406 37 98 0.5 15.3 38.5 48.5 56.3 2.4E-06 37
31 1o 40 37 9 0.8 1903 42.7 52.7 60.4 2.6€-06 37
et lo8 37.7 37 95 0.0 0.8 26.1 37.5 46.4 1.9E-06 37
she 12.7 ~73.1 3 386 0.0 0.0 8.5 16.3 23.8 6.3€-07 15
aNDIT 186 332 37 60 1.1 0.6 21.5 43.8 52.8 59.6 3.5-06 37
133 228 30.4 45 37 0.8 1200 2700 33z 37.8 3.1E-06 37
Table 2b. 150 — 5000 MeV
RA OEC € N A n3 n3 nj n] nb n? FLUX LIN. oBSERVATIONS
3 02 a1 n; Bl n% n}

SEYFERT TYPE 1 GALAXIES

K 9.9 40.1 18280 35 0.0 0.0 3.7 6.8 9.6 1.1E-07 37
HKN352 163 316 4500 16 0.0 000 4.5 7.7 9.8 1.8E-07 37
AKNG2 205 31.9 10800 26 2.8 1.6 4.5 12.6 20.8 23.9 26.0 6.7E-07 37
HKN358 209 31.3 13750 25 1.2 0.7 8.6 6.8 20.1 22.5 6.1E-07 37
AKN120 78.4 -0.2 9900 61 0.0 0.0 4.6 , 8.5 11.9 1.9E-07 34
ZuICKY2  145.6 1.3 15200 25 0.0 0.0 83 12.3 15.2 3.36-07 31
3c227 46,3 7.7 25600 37 18 2.5 0.9 20.0 23.7 26.5 5.06-07 31
AKNZ23 148.7 7.4 6600 35 0.0 0.0 9.2 16.0 17.8 2.9E-07 31
NGC4051  180.1 46.8 700 26 2.1 0.1 2.6 10.1 18.6 21.9 28.4 6.2E-07 27
NGC4151  162.0 39.7 990 28 0.0 0.0 4.8 8.0 10.7 1.6E-07 27
MKN50 185.2 3.0 6910 127 2.9 3.9 9.8 25.8 643.5 51.2 57.1 3.9E-07 10,32
X COMAE  194.5 28.7 27600 25 0.8 7.5 18.2 22.6 25.7 4.26-07 27
HKN64, 196.2 36.7 55200 21 0.3 4.5 13.7 17.3 19.9 3.2E-07 27
IC4329A  206.6 ~30.0 4160 49 0.0 0.0 4.8 8.8 12.4 3.0:07 6
ESOLI3-I645 20.5 -59.1 13800 34 0.0 000 31 5.7 8.1 1.66-07 15

3 115 326 4200 20 0.0 06 6.6 95 11.8 2.0E-07 37
HKNL 18.3 3208 4800 24 0.6 6.2 15.0 18.5 21.0 4.5E-07 37
N6C3227  155.2 20.1 1000 26 0.0 0.0 3.2 5.9 6.3 2.56-07 31
SEYFERT TYPE 2 GALAXIES
NGC4507  188.2 ~39.6 3310 57 0.0 0.0 6.0 0.2 13.8 2.26-07 6
HKNZ68 206.7 30.6 12300 13 0.7 4.5 10.7 12.9 4.36-07 27
QUASARS
01344329 23.7 32.9 110000 26 0.0 0.0 6.1 9.6 12.4 3.1E-07 37
04544039 73.5 3.9 404000 35 0.2 4.1 16.3 18.7 22.1 6.7E-07 34
07364017  116.2 1.7 57300 30 2.1 0.2 2.7 10.2 16.8 22.3 24.9 5.4E-07 19
10014056 150.4 5.5 48300 31 0.0 0.0 5.8 9.5 12.6 2.1E-07 31
10064130 1512 13.1 7190 29 0.0 0.0 35 6.5 9.2 1.56-07 31
11284315 172.1 31.5 86600 15 0.0 0.0 5.7 8.7 10.8 2.6€-07 27
1146-037  176.6 -3.8 102000 61 0.0 0.0 5.8 10.0 13.4 1.4E-07 10,32
1156+295 179.2 29.5 219000 23 0.0 0.0 4.9 8.2 10.9 1.6E-07 27
1202+281 180.5 28.2 495000 23 0.0 0.0 5.4 8.8 11.6 1.7E-07 27
12084322 182.0 32.2 116000 26 0.0 000 31 5.7 8.1 9.6E-08 27
12154113 186.0 11.4 419000 88 0.0 0.0 51 9.5 13.5 8.7E-08 10,32
12234252 1858 25.2 80300 22 0.5 4.3 117 15.0 17.5 3.06-07 27
1225+310 186.3 31.0 660000 30 0.0 0.0 9.4 13.7 17.0 2.1E-07 27
12264023 186.6 2.3 47400 121 5.9 10.2 15.3 22.2 40.2 59.2 67.2 73.3 5.2E-07 10,32
12294206 187.5 20.4 19200 38 1.0 0.1 8.6 18.7 23.0 26.3 3.4E-07 10,27
1302-102  195.7 -10.3 85700 36 1.8 2.6 11.5 21.2 25.2 28.2 5.2£-07 23
13174277 199.3 27.7 306000 13 0.5 a8 12.1 27
1328291 199.7 29.1 511000 18 0.0 000 36 6.3 8.5 1.56-07 27
13214294 200.3 29.5 288000 17 0.0 000 3.1 5.6 7.6 1.4E-07 27
1355-416  209.0 ~41.6 93800 689 0.0 14 17.7 24.9 30.4  4.8E-07 6
BL LAC OBJECTS
09574226 149.4 22.6 2 0.0 0.0 4.0 7.1 9.7 3.1E-07 31
1147+205  176.9 24.6 16 0.0 0.0 7.6 15 16.3 3.3£-07 27
12154303 183.9 30.3 26 0.5 4.6 1204 15.9 18.6 2.6E-07 27
1219+285 184.9 28.5 26 0.7 6.6 16.0 19.1 21.7 3.2E-07 27
12254206 186.4 20.6 3 3.6 1.2 3.6 7.0 16.4 26.1 30.1 33.0 4.5E-07 10,27
13074121 1%.9 12.2 48 2.8 2.0 5.7 161 27.7 32.7 36.4 4.8E-07 10,32
ASSORTED ACTIVE GALAXIES
NoC2110 87.4 -7.5 2100 109 0.0 0.0 13.0 19.7 25.2 4.0E-07 34
NGC2992  145.8 ~16.1 2200 17 0.0 000 2.9 5.4 7.6 3.1E-07 20
HCG5-23-16 145.9 -30.6 2450 116 1.6 4.6 2103 39.7 47.5 53.5 4.9E-07 3,12,20
87 187.1 127 1200 62 0.0 0.0 10.6 15.6 19.3 1.5E-07 10,32
CEN A 0.6 -42.8 250 91 1.6 3.5 18.0 34.0 60.9 46.3 6.2E-07 6
LOCAL GROUP GALAXIES
NGC147 7.6 4.2 37 51 0.0 0.0 3.9 7.2 10.2 1.4E-07 37
ADIIT 82 362 37 32 0.4 4.9 146 185 21.7 3.2E-07 37
NGC185 9.1 48.1 37 46 0.0 00 39 7.3 10.2 1.4E-07 37
NoC205 9.4 414 37 31 0.0 05 8.1 11.7 14.6 1.86-07 37
3z 1000 406 37 3 0.0 0.0 6.0 7.2 9.9 1.1E-07 37
M3 100 410 37 31 0.0 000 555 9.1 1.9 1.4E-07 37
anoT 0.8 377 37 : o0 2.7 11.9 16.0 19.2 2.6E-07 37
sme 12.7 -73.1 3 %0 0.1 42 19.0 25.6 30.8 3.1E-07 15
ANDIT 8.4 332 37 25 0.7 6.1 14.5 17.9 20.4  4.3E-07 37
133 228 30.6 45 22 0.2 31 1103 149 175 5.3€-07 37
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Fig. 3. Contours of constant likelihood for the location of a point

source of 150 to 5000 MeV y-rays in the region of 3C273. The

contours are spaced at unit logarithmic intervals below the

maximum value of 5.9. The actual position (¢=186.63°, § =2.33°)

of 3C273 is also shown
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Fig. 4. Contours of constant likelihood for the location of a point
source of 150 to 5000 MeV y-rays in the region of the quasar
0241 + 622 and the radio-source GT 0236 +610. Also shown is the
MISO error box (Della Ventura et al,, 1979)

1. there is one source at the position of 3C273;

2. there is one source at the position of Mkn 50;

3. there is a source at both positions.

The following results emerge:
3C273:4=5.7 at X=0.28
Mkn 50:4=3.9 at X =0.22
Both:1=6.3 at X (3C273)=0.22

X (Mkn 50)=0.10.

These values of A are immediately comparable because In L(X =0)
is the same for each being the logarithm of the likelihood for a
uniform distribution of photons. Clearly the data are better
described by a point source at the position of 3 C 273 rather than
Mkn 50. Assuming the quasar to be emitting, a small improve-
ment in A can be achieved through the addition of a contribution
from the Seyfert galaxy. However, this procedure could be
continued almost indefinitely by adding point sources at every

position at which the photon density is higher than average,
finally resulting in a large A from a meaningless probability model.
The addition of a further source, or in general a further degree of
freedom, can be justified by a sufficiently large increase in 4, say 2.
Here the increase is 0.6, not enough to do so. Thus we may state
that, due to the presence of an excess near Mkn 50 that is probably
attributable to another source, we are not able to determine much
about its y-ray characteristics.

IV. The y-ray Source CG 135+01

Although the distribution of the COS-B y-ray sources (Hermsen et
al., 1977; Wills et al., 1980) suggests that the majority of them are
galactic in nature, an X-ray investigation of CG 13541 led to the
discovery of the low-redshift quasar 0241+ 622 (Apparao et al.,
1978). In addition the highly variable radio source GT 0236+ 610
(Gregory and Taylor, 1978 ; Gregory et al., 1979) has also been
proposed as an identification of CG 135+ 1. The two candidates
are separated by 1°3. The relative merits of the two propositions
can be examined ds before with the likelihood. Some complication
is introduced by the proximity of the galactic plane, the emission
of which must be included in the probability model. There are
three components to the observed radiation : the source, the plane
and the isotropic background, which includes an instrumental
contribution. The measurements presented by Mayer-
Hasselwander et al. (1980) show that the ratio of the maximum
plane intensity to the isotropic background is approximately 2.2
in this region. Several forms of the galactic emission have been
tried, all Gaussians, of half width w=3° 5° and 7° centred on
b=0° and b=1.4° to take account of the so-called hat-brim effect
(Mayer-Hasselwander et al., 1980). The highest likelihood comes
from b=0°, w=>5° when the two objects compare thus:

0241+622: A=18 at X=0.1
GT0236+610: 1=6.3 at X =0.2
Both: A=63 at X (0241)=0.0
‘ X (0236)=0.2

Although these results must be viewed a little circumspectly
because of their dependence on a rather complicated probability
model, there is strong evidence in favour of GT 0236+ 610 rather
than the quasar. In fact every model tried gave 1(0236)> A(0241).
Figure 4 shows the likelihood contours for the position of
CG135+1 along with the error box for the low energy y-ray
emission around 1MeV in this region observed by the MISO
telescope (Della Ventura et al., 1979).

V. Discussion

Although it is dangerous to compare upper limits determined in
different ways and for different energy ranges, the values presented
here are in some cases more restrictive than those from SAS-2.
Therefore the results presented in Table 1 reinforce the conclusion
of Bignami et al. (1979) concerning the spectrum of active galaxies
in general: the extrapolation of X-ray spectra over three or more
decades of energy would give photon fluxes substantially higher
than the observed upper limits. There must be a significant
steepening of the spectrum between the X-ray and the y-ray
regions. A variation of this form has been measured by Perotti et
al. (1980) during an observation of NGC4151 around 3 MeV.
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Appendix

Statisticians are broadly divided into two factions, Bayesian and
classical, each unable to support the fundamental notions of the
other. In the classical approach to statistical inference, parameters
are estimated with associated confidence limits from various
combinations of the measurements that were made. One then
appeals to a hypothetical infinite series of observations made
under supposedly identical conditions to say, for example, that
90 % of all confidence intervals drawn up in this way will contain
the true value of the parameter under study. Whether the interval
that has been drawn up from the experimental results does so or
not is unknown. Critics of the classical scheme question the
justification of assigning asymptotic properties to particular
estimates. ¢

All Bayesian statements about parameters are probability
statements of the type P(a<u<b)=a, which, in contrast to the
frequency notion, is to be interpreted as a degree of belief about
the parameter u. In order to achieve this, previous knowledge
about the parameter, in the form of a prior probability distri-
bution, is combined with the information obtained from the data,
the likelihood, to yield a posterior probability distribution which
completely describes the up-to-date knowledge. It is the nec-
essarily subjective quantification of the prior probability, in
particular how to express prior ignorance, which is the cause of
debate here. A full comparative discussion of classical, Bayesian
and other methods is given by Barnett (1973).

There has been discussion recently about statistical practice in
photon counting experiments, most of it from a firmly classical
point of view (see, for example, Lampton et al., 1976 ; Cash, 1979)
although the neo-Bayesian approach of Hearn (1969) was used in
the presentation of the SAS-2 observations. The technique em-
ployed in this paper avoids the hypothetical infinite series of
experiments and the subjective prior probability by giving the

likelihood “an independent existence” (Edwards, 1972).
Likelihood per se is not without its critics though, as Barnett
points out.

The basic principle is that if the likelihood of a particular set of
data on one hypothesis is larger than the likelihood of the same
data on a second hypothesis then the first is more appropriate.
However no probability statements can be made about hy-
pothesis. On the other hand if the likelihood ratio L(H,)/L(H,) is
10, for example, for two hypotheses H, and H, then on average
H, would give the observations 10 times as often as H,. If a choice
is to be made it must be H,. To proceed in this way, probability
models which describe the observations are needed but in the case
of COS-B observations of point sources these are fairly straight-
forward to draw up from calibration measurements. As shown
above in Sect. 2, the models reduce to a function of a single
unknown parameter, X, the fraction of the observed events which
can be attributed to a point source. The data are not binned so
maximum use is made of all information available.

The likelihood would also play an important role in both a
classical and a Bayesian analysis of the problem. In the former,
X =0 would be taken as the null hypothesis to be rejected if 4 is
bigger than typical values obtained through repeated sampling

from it. Rather than keeping the data fixed and comparing
hypotheses, a hypothesis is fixed and possible observations are
studied. As for the Bayesian case, it is a small but important step
from the likelihood to the posterior probability distribution but it
is one we have not made because of the difficulty of making an
objective assessment of the prior probabilities.
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