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The 4th Palermo Swift-BAT hard X-ray catalogue is obtaingdabhalyzing data acquired in the
first 7 years of the Swift mission. The survey covers 50% oftheup to a 15-150 keV flux limit

of 7.0x 10 2erg cm 2 s 1. We used a source detection algorithm that optimizes theyghand

and the time interval allowing to achieve the maximum sigoaloise ratio for each pixel of the
all-sky map. We obtain a list of 1700 source candidates with a negligible number of spurious
detections. The identification of the source counterparsoiter energy bands is pursued both
through the analysis of soft X-ray field observations andulgh the cross-correlation with source
databases. The 4th Palermo Swift-BAT catalogue includ26% of Galactic sources; 60% of
extragalactic sourcesy; 10% of sources with a counterpart at softer energies whaseenhas

not been determined yet white 10% still lack any associated counterpart.
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1. Introduction

The Burst Alert Telescope (BAT; [1]) onboard tisavift observatory [2] is a coded-aperture
imaging camera operating in the 15-150 keV energy range.tdlascope is characterized by a
large field of view (1.4 steradians half coded) and a modgratet spread function (17 arcmin
Full Width Half Maximum). BAT operates as a hard X-ray monitgth the main goal of catching
gamma ray bursts and fast transient phenomena and perfpargontinuous survey of the entire
hard X-ray sky collecting imaging, timing and spectral mfi@ation. BAT provides a coverage
between 50% and 80% of the sky every day.

The analysis of BAT survey data produced several hard X-oayce catalogues (see e.g. [3],
[4], [5], [6], [7]). Using a dedicated software [8] we havedpeproducing the Palermo Swift-BAT
Catalogue series (39-month [9], 54-month, [10], 66-modf]). In this paper, we present the main
properties of the the 4th Palerravift BAT hard X-ray catalogue obtained from the analysis of the
data relevant to the first 7 years of tBaviftmission (December 2004 November 2011).

2. Global survey properties

After 7 years of all-sky survey monitoring, BAT limiting flukas reached a few 1 erg
cm~2 s71, depending on the sky direction. In Fig. 1 we show the map@sthlimiting flux of the
7-year BAT survey in the 15-150 keV band, projected in Gadakitoff coordinates.

The Galactic centre and the ecliptic plane are charactebyea relatively poorer sensitivity
with the highest limiting flux of 18 x 10~ erg cnm? s1, while the lowest limiting flux (46 x
1012 erg cn? s71) is achieved close to the ecliptic poles. This is due to tigé lsontamination
from intense Galactic sources and to the observing congtran theSwiftspacecratft.
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Figure 1. Map of the limiting flux of the 7-year BAT survey in the 15-158\band, projected in Galactic
Aitoff coordinates, with the ecliptic coordinates grid suipmposed. The color bar shows the flux scale in
ergen?s L,
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Figure 2: Fraction of the sky (black dotted lingh| < 10°, red dashed lingdb| > 10°, blue solid line: entire
sky) covered by the BAT survey as a function of the 15-150 ketéction limiting flux for a detection
threshold of 5 standard deviations.

In Fig. 2 we show the fraction of the sky covered by the 7-yedf Burvey as a function of
the detection limiting flux in the 15-150 keV skymap for Géilag¢|b| < 10°) and extragalactic
(Jb| > 10°) regions. As it can be seen from the plot the survey covers 6D%e sky to a flux
limit of 7.15x 10712 erg cnt? s7 and 672 x 10712 erg cnr? s~*or |b| < 10° and |b| > 107,
respectively.

3. Detection strategy

We built all-sky survey maps in three separated energy béttis30 keV, 30-70 keV and
70-150 keV) mosaicking all the sky images extracted fromBA& survey data. A source de-
tection algorithm was run on each of these skymaps and on@nypioation forming contiguous
energy intervals to extract significance excesses abouweshibld of 4.8 standard deviations. The
use of 7-year integrated maps is efficient to extract souwrltasacterized by persistent emission or
transient sources with a large fluence. Weak and/or sharsigat sources may escape detection
because their significance, averaged over seven yearsyas the detection threshold. To detect
these sources we produced all-sky maps integrating thepulata in 15-day time intervals, and
built a best significance map, assigning to each sky pixeftheimum significance that can be ob-
tained cumulating the signal in any combination of conseelit5-day maps. The source detection
algorithm was run on this map with a detection threshold dd6dard deviations. Thresholds were
set in order to obtain a negligible number of possible spsridetections. The resulting catalogue
includes~ 1700 hard X-ray sources with an expected number of spurietections of 1-2%.

4. Association strategy

Since the source localization improves with the S/N (while error radius associated to it
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Psr/SNR 1.1%
Vs/Stars 4.4%

Seyfert Gal. 30.8%,

HMXB 5.3%

LMXB 5.3%

Blazars 6.5%

Unclassified/Unassociated 31.9%

Figure 3: Detailed distribution of the catalogue sources among ffeclasses of cosmic sources.

becomes smaller), for all sources we have optimized theitipa deriving it from the best signif-
icance map.

In order to identify the nature of the detected sources, we Isaarched for possible coun-
terparts in other energy bands. Our main strategy consistsing soft X-ray observations whose
field of view covers the position of the BAT sources, and irrsleiag sources inside the BAT error
box. We have used mainly Swift-XRT follow-up observatioaguested by us, or archival observa-
tions of previous soft X-ray satellites. The identificatimfrthe soft X-ray counterparts was pursued
using the much smaller soft X-ray error box to search on théB3D and NED archives.

The BAT sources without a counterpart in soft X-ray field aliaBons were cross-correlated
with a list of possible counterparts obtained merging appate catalogues (high and low mass X-
ray binaries, cataclysmic variables, supernova remnamtpalsars, Seyfert galaxies, unclassified
AGNSs, interacting galaxies, LINERSs, ameray sources from the SIMBAD database as of January
2010; theRomaBZCAT [12]; the ROSAT All-Sky Survey (RASS) Bright Sourc€sitalogue [13]).

After the application of the association procedure$0% of BAT sources have an associated
counterpart;~ 60% of them are extragalactiey 20% are Galactic ané- 10% are soft X-ray
emitters whose nature has not been determined yet. Thdedetiistribution among different
classes of cosmic sources is shown in Figure 3.
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