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We present a deep imaging analysis in the 20-60 keV energy range of the field around
3C 273 and Coma Cluster observed with the IBIS/ISGRI imager on board the INTEGRAL
satellite. The images from the individual pointings have been cleaned of structures and
artifacts in order to obtain the best possible mosaic. The total exposure time is 3.1 106 s,
with an effective exposure time of about 700 ks on 3C 273 and Coma. The 5σ flux limit
reaches 0.5 mCrab in the most exposed areas. We detect 17 sources with a significance of 5σ
or more. We find a surface density of about 2 10−3 sources as bright as 1mCrab per deg2,
which is consistent with some, but not all, previous studies at these energies.

§1. Introduction

The extragalactic sky in the hard X-ray domain is characterized by the presence
of intense, apparently diffuse emission.1)–3) The common interpretation of this emis-
sion is that it is due to a large population of faint active galactic nuclei (AGN) that
remain individually undetected with current instrumentation. The spectral shape of
this “diffuse” component features however a prominent peak around 30-40 keV which
cannot be understood as the sum of individual AGN spectra without the addition
of a large fraction of heavily absorbed objects, some of them being perhaps even in
the Compton-thick regime.4), 5) Although observation at these energies is much more
difficult than in the domain below 10 keV, hard X-ray surveys are an essential tool
in the search of these obscured AGN.

There are currently only few options to carry such surveys, and, among them,
the INTEGRAL mission6) is particularly interesting. The IBIS instrument on board
INTEGRAL7) is a coded-mask instrument operating in the energy domain 20 keV–
8 MeV which combines a large (fully coded) field of view of 9◦ × 9◦, good angular
resolution of 12’ and a large detector area (2600 cm2 for the ISGRI low-energy de-
tector). As INTEGRAL is by design a survey-type mission currently in its 5th year
of operation, some sky areas have been observed for very long periods. We analyse
here the high-latitude field that has accumulated the largest number of seconds of
observation, namely the field around the bright quasar 3C 273, in order to search
for point sources. We attempt to reach the lowest possible flux limits in this energy
domain for a survey instrument and make a limited study of the properties of the
population of hard X-ray sources.

This analysis serves as a test bed for a much deeper analysis using all available
INTEGRAL data.
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§2. Data

We use here all INTEGRAL public data obtained until revolution 0231, which
represents the first 2.5 years of the mission. Only the IBIS/ISGRI data are discussed
here. We selected pointings less than 15◦ away from 3C 273, and obtained about 1200
so-called Science Windows. Data have been processed with the standard OSA soft-
ware version 5.1 from ISDC.8) We analyze data in the 20-60 keV band, where ISGRI
is the most sensitive, using standard parameters. Additional processing has been
applied to the individual images in order to remove structures, uneven background
and other artifacts. We obtain a total exposure time of 3.1 106 s, with the most
exposed areas, which are centered around 3C 273 and the Coma cluster, reaching an
effective exposure time of 700 ks. The mosaic is shown on Fig. 1.

Fig. 1. ISGRI mosaic of the field around 3C 273 in the 20-60 keV. Known sources are shown in

green. New candidate sources are indicated in yellow. The significance threshold is such that

many listed sources do not correspond to real detections.

§3. Mosaic properties

Fig. 2 Left shows the cumulative sky area covered by the mosaic as a function of
exposure time. The mosaic covers 2833 deg2. Approximately 1000 deg2 have been
observed for more than 200 ks. Fig. 2 Right shows the histogram of the pixel signif-
icance for the full mosaic. We fitted the histogram bins with σ ≤ 3 with a Gaussian
distribution. The very strong positive tail shows the presence of real sources. Pixel
significance distribution follows extremely well a Gaussian distribution, with no evi-
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Fig. 2. Left: Cumulative sky area covered by the mosaic as a function of exposure time. Right:

Histogram of the pixel significance. The red curve is a fit with a Gaussian distribution to the

bins with σ ≤ 3. The strong positive tail is due to real sources.

dence for a tail of negative excesses. The centroid of the Gaussian is compatible with
0. The standard deviation of the Gaussian is however 1.09, instead of the expected
1.0. The quality of the Gaussian fitting and the complete absence of detectable tail
at negative significances mean that we can use the pixel significance as an estimate
of the reality of the source detection.

§4. Log N–Log S diagram of the detected sources

Table I. Properties of the detected sources

Name Exposure Flux Significance
(ks) (mCrab) (sigma)

3C 273 721 7.97 70.7
NGC 4388 327 8.28 51.0
1RXS J23013.6+030258 719 4.03 35.2

NGC 4593 585 4.07 32.3
NGC 5506 70 3.29 13.9
Coma cluster 652 1.03 8.8

3C 279 469 1.11 8.1
NGC 4253 329 1.40 8.0
XSS J12389-1614 91 2.41 7.3

4C 04.42 645 0.87 7.2
NGC 4180 497 0.88 6.5
Mrk 50 684 0.66 5.7
NGC 4395 323 1.03 5.7
2E 1253.4-0518 474 0.81 5.7
New 1 556 0.67 5.2
1RXS J122854.0+050300 647 0.60 5.1
New 2 389 0.78 5.0

Table I shows the list of de-
tected sources with their basic prop-
erties. 17 sources have a signifi-
cance larger than 5.0 and an expo-
sure time larger than 25 ks, and among
them two are unknown. This signifi-
cance limit is quite conservative, and
a more refined analysis might reveal
fainter sources, especially for those that
have known counterparts. The ta-
ble shows that we are able to detect
object fainter than 1 mCrab (approx-
imately 10−11 erg s−1 cm−2 between 20
and 60 keV). In fact, the absolute min-
imum flux detectable in the most ex-
posed regions of the mosaic is 0.47 mCrab, and the minimum detectable flux is equal
to 1 mCrab or lower over more than 1000 deg2, i.e. more than a third of the full
mosaic.
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Fig. 3. Log N–Log S diagram of the sources found in the

mosaic. The heavy black curve contains all sources

from Table I. The heavy red curve has been derived

by excluding 3C 273, Coma and NGC 4388. The

green line has a slope -3/2.

The Log N–Log S diagram
of these sources is the sim-
plest statistical analysis that
can be performed on a popu-
lation of sources. It is shown
on Fig. 3. Since three objects,
namely 3C 273, Coma and
NGC 4388, have been the target
of the observations used in this
work, their detection are not
chance detection, and we also
build the Log N–Log S without
them. Both Log N–Log S di-
agrams match very reasonably
the expected slope of −3/2.
We obtain a cumulated sur-
face density at 1mCrab of ap-
proximately 2 10−3 deg−2, with
an uncertainty due to Poisson
statistics of 0.7 10−3 deg−2.

§5. Discussion

A similar study has been performed on the field around Coma.9) Part of their
field overlaps with ours. A comparison between the two sets of detected sources
shows that, while all of their known sources present with sufficient exposures in our
maps are detected, out of four new candidate sources that are well exposed in our
mosaic, none of them is confirmed, although the significance of one of them is found
to be 4.8. This shows that great caution must be applied when trying to reach the
sensitivity limit of complex instruments like ISGRI. As a consequence, their Log
N–Log S diagram has a normalization more than three times higher than that of
the Log N–Log S diagram presented here. Our surface density down to 1 mCrab is
however consistent with that found in studies of the full sky with ISGRI.10)
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