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INTEGRAL has discovered many previously unknown hard X-ray sources, particularly in the
Galactic plane. Typically the INTEGRAL observations are deep but the sources are within the
field of view only for a comparatively short time. A given sky direction is usually within the
field of view of the BAT instrument on Swift ~10% of the time and ~85% of the sky is usually
observed every day. Thus BAT is able to provide complementary hard-X-ray information on the
long-term behavior of sources. We report new results on INTEGRAL and other sources, including
orbital, super-orbital and other periodicities and spectral evolution histories.
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Long term monitoring of INTEGRAL sources with Swift/BAT

1. Introduction

INTEGRAL is an observatory mission executing a planned program of observations of specific
areas of sky. The Burst Alert Telescope (BAT) onboard the Swift satellite monitors ~1/6 of the
entire sky in order to detect and locate Gamma-ray bursts (GRBs). During the time that it is
awaiting gamma-ray bursts BAT collects a huge amount of “survey" data on the hard X-ray sky. Its
very large field of view (~2 sr; Fig. 1) and high sensitivity in the 14-150 keV band make BAT a
very powerful tool for following the long term hard X-ray behaviour of sources such as those being
found by INTEGRAL

The Swift/BAT survey mode data provide information on the spectral and temporal evolution
of sources that is complementary to that from INTEGRAL. If a source is within the field of view of
BAT and of IBIS (or SPI) for the same exposure time, the sensitivity of BAT is inferior. However
the wide field of view of BAT and the frequently changing and widely distributed pointing direc-
tions of the Swift spacecraft mean that a given part of the sky is within its field of view for much
longer. The long-term sensitivities of the instruments are thus comparable, though the INTEGRAL
observing program leads to better coverage of the Galactic bulge while BAT achieves higher sensi-
tivity for most extragalactic fields. Table 1 compares some key parameters for the Swift BAT and
INTEGRAL IBIS-ISGRI/SPI instruments.

The Swift/BAT Hard X-ray Transient Monitor [ provides rapid access to intensities of
sources on short timescales. The data used in the Transient Monitor analysis are however lim-
ited in two ways — only a single energy band (14-50 keV) is available and the form of the data do
not allow all of the corrections possible in the full survey analysis, leading to systematic errors that
can become important when data for many days is combined together.

Reduction of the full survey data for the first 36 months of the Swift mission (2004 Dec to
2007 Nov) has recently been completed. Although the analysis is largely directed towards getting
the best possible sensitivity by combining all of the data available, a by-product of the work is 8
energy channel information on the intensities of over 500 sources that were included in a search
catalogue (see Table 2). The time resolution is that of a single pointing which typically lasts about
10 minutes (median value 650 s, Fig. 2). For a given source, data are typically obtained on 80—
90% of days and in most cases there are ~ 10’s (=115 days continuous) of observation with the
source within the field of view. All of the data selection and corrections that are applied in the
survey analysis have been applied in extracting the data. This treatment has been shown to reduce
systematic errors to a low level even when very long integration times are used. We present here
some sample results to indicate the potential of this database.

2. Examples of results that can be extracted from the Swift/BAT snapshot database

2.1 Example 1. Long term light curve of an extragalactic source : IGR J21247+5058

IGR J21247+5058 is identified with a z=0.02 galaxy at the core of an FRII radio source
4C40.55. Optical spectroscopy is confused by a chance alignment with a foreground star and the
galaxy has been variously described as a Sy 2 or a BLRG. ([2], and references therein). The source

Uhttp:/ /swift.gsfc.nasa.gov/docs/swift/results/transients
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Figure 1: The instantaneous field of view of the Swift/BAT coded mask telescope. The circles indicate
off-axis angles of 10°, 20°... 60°. The contours correspond to 100, 75, 50, 25, 0% effective area.

Units INTEGRAL Swift
Orbital period Days 3 0.067
Time pointed at |b| <14.5° 71% 29%
(25% of sky)
IBIS-ISGRI SPI BAT
Instantaneous Field of view steradians 0.18 0.22 1.8
(to 10% coding)
Angular resolution Arc minutes 12 180 22
Energy range keV 15-1000 20-8000 | 14-195

Table 1: Comparison of Swift/BAT and the INTEGRAL gamma-ray instruments

Source positions examined 533
Measurements per source ~11000

Average measurement duration 536s
Observation time per source ~ 107 s

Fraction of time for which data available on a given source 10.5%

Number of 8 channel spectra 6.4 million

Energy range bands (keV) 14-20, 20-24, 24-35, 35-50,

50-75, 75-100, 100-150, 150-195

Table 2: The Swift/BAT 36 month survey source database — some statistics and information
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Figure 2: The distribution of BAT survey time-bin durations for a typical source

is very strongly detected in the Swift/BAT survey and a light curve shows both long term evolution
and shorter timescale variability with a tendency for a rise over several months to be followed by a
relatively sudden decrease (Fig. 3).

2.2 Example 2. Spectral variability over 10’s

With typically ~10000 8-band spectra available per source, relatively rare spectral states are
sampled. Fig. 4 shows results from Sco X-1 which made only occasional excursions away from
the state in which it was observed for most of the time. In most of these it was towards the high-
hard state. Observations in the high-soft state were comparatively rare. For more information and
corresponding measurements with INTEGRAL, see [3].

2.3 Example 3. Catching rare events such as occasional spikes in emission.

IGR J18483—0311 was detected by INTEGRAL [4] and later 5 more outbursts were detected
and it was noticed that its brief flares were separated by multiples of 18.52 days [5]. With much
denser sampling than INTEGRAL, BAT reveals numerous further outbursts (Fig. 5). The period-
icity is confirmed and the period can be refined — see Figs. 6,7. By combining these results with
those from INTEGRAL, a provisional measurement of (18.518+0.005) days is obtained. In this
case the period appears to be strict and is presumably orbital in origin.

2.4 Example 4. Orbital and Super-orbital lightcurves.
A super-orbital period of 46 days has been described in 4U 1636—536 [6]. Analysis of the
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Figure 3: A BAT 14-195 keV light-curve of the extragalactic hard X-ray source associated with 4C40.55.
The dashed line is a linear fit to the data.
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Figure 4: A colour-intensity plot for Sco-X-1 with more than 10* samples. The lower branch, corresponding
to a high-soft state was visited in comparatively few of the observations compared with the upper, high-hard,
branch.
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Figure 5: Hard X-ray (14-195 keV) observations of periodic flares from IGR J1843—0311. Swift coverage
is much more complete than that of INTEGRAL (red circles) leading to the discovery of many more events
than the 8 reported from IBIS observations [5] (marked by the cycle numbers).

hard X-ray light curve during the first 36 months of the Swift mission shows that a period of
42 days better describes the data (Fig. 8a). However a dynamic periodogram ( Fig. 9a) and
comparison of the light curve with a 42 days sinusoid (Fig. 10) show that the outbursts are far
from strictly periodic and can occur at any phase. It is clear that the period evolved during the
observations. Remarkably, low energy X-ray data observed over the same range of times with
the RXTE ASM show modulation inverted in phase compared with that in hard X-rays (Fig. 8b),
emphasizing the importance of long term monitoring at higher energies as well as lower ones. The
phase shift between soft and hard bands in 4U 1636—536 has been speculatively linked to transient
jet formation [7].

A dynamic hard X-ray periodogram of SMC X-1 (Fig. 9b) clearly shows both the 3.89 d orbital
period and the known super-orbital modulation [8, 9]. Again the latter period clearly evolves during
3 years covered by the data.

Swift/BAT is the only current instrument that can provide the long-term, high-coverage, ob-
servations for making dynamic periodograms of this sort in the hard X-ray band.

3. Conclusions

The data from Swift/BAT provide a resource that is unique in the hard X-ray/soft gamma-ray
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Figure 6: The x as a function of trial period for the IGR J18483—0311 data.
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Figure 7: The folded BAT hard X-ray (14-195 keV) light curve for IGR J1843—0311 with a trial period of
18.517d. (Note error bars here are based on statistical errors and do not include the variance in the source
intensity).
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Figure 8: (a) The folded BAT hard X-ray (14-195 keV) light curve for 4U 1636-536. (b) The corresponding
low energy X-ray curve from the RXTE ASM (1-12 keV). Again the error bars are statistical only.
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Figure 9: (a) A dynamic periodogram for 4U 1636-536 from BAT data. The dashed white line indicates the
nominal period of 42 days. (b) The corresponding dynamic periodogram for SMC X-1. The 3.89 day orbital
period is clearly visible. The dashed white line indicates a nominal super-orbital period of 52 days.
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Figure 10: The BAT 14-195 keV light curve of 4U 1636-536 compared with a sinusoid with a constant
period of 42.0 days, the best value found by folding the whole data set on various periods.

band and that is complementary to the INTEGRAL observations. Although the sensitivity for a
given observing time with the source within the field of view is not as good as that of IBIS, the
source coverage is vastly superior. It provides long-term monitoring of hard X-ray/soft gamma-
ray sources, allowing the study of broad-band spectral variability over long time-scales, and of
super-orbital variability in hard X-rays. It can provide a unique hard X-ray trigger for observations
in other wavebands or for detailed follow-up X-/gamma-ray observations with the instruments of
INTEGRAL.
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