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ABSTRACT
We report on the �rst spectral and timing characterization of the transient X-ray source
1RXS J194211.9+255552 using all available data from the Swift X-ray satellite. We used
10 years of hard X-ray data from the Burst Alert Telescope (BAT) to characterize its long-term
behaviour and to search for long periodicities, �nding evidence for a periodic modulation at
166.5 – 0.5 d, that we interpret as the orbital period of the source. The folded light curve
reveals that the X-ray emission is mostly concentrated in a restricted phase-interval and we
propose to associate 1RXS J194211.9+255552 to the class of the Be X-ray binaries. This
is also supported by the results of the spectral analysis, where we used the BAT data and
three pointed Swift/XRT observations to characterize the X-ray broad-band spectral shape.
We found mild spectral variability in soft X-rays that can be accounted for by a varying local
neutral absorber, while the intrinsic emission is consistent with a hard power law multiplied
by a high-energy exponential cut-off as typically observed in this class of systems.

Key words: X-rays: binaries � X-rays: individual: 1RXS J194211.9+255552.

1 INTRODUCTION

The X-ray source 1RXS J194211.9+255552 (J194211 hereafter)
was �rst reported in the ROSAT All-Sky Faint Source Catalogue,1
at RA = 295.549 59 and Dec. = 25.931 25 with a positional un-
certainty of 18 arcsec and at a �ux level of (1.8 – 0.7) × 10�13 erg
cm�2 s�1. Probably due to its relative faintness, the source has been
thereafter poorly studied. At the end of 2011 December, J194211
was clearly detected during the INTEGRAL Galactic Plane Scanning
in soft X-rays at 26 – 7 mCrab (Chenevez et al. 2011). A follow-up
observation with Swift allowed for the �rst determination of the
X-ray spectrum, consistent with an absorbed (Galactic equivalent
absorption column 1.3 – 0.6 × 1022 cm�2) power law of photon
index � = 0.64 and an unabsorbed �ux in the 1�10 keV range of
7.88 × 10�11 erg cm�2 s�1 (Sidoli et al. 2011). The source positional
error lead to the identi�cation of two possible near-infrared coun-
terparts, and Sidoli et al. (2011) proposed the association with the
brighter one, the 2MASS star 19421116+2556056, whose optical
spectrum (1159-0412038 in the USNO-B1.0 catalogue) is consis-
tent with an early-type star (Masetti et al. 2012) pointing to the
possible high-mass X-ray binary nature of the X-ray source.

We present here the �rst complete spectral and timing study in
the X-ray domain of this source using all available data collected
by the X-Ray Telescope (XRT) and Burst Alert Telescope (BAT)
instruments on board of the Swift satellite.

� E-mail: antonino.dai@ifc.inaf.it
1 http://www.xray.mpe.mpg.de/rosat/survey/rass-fsc/

2 DATA REDUCTION

The survey data collected with Swift/BAT between 2004 Decem-
ber and 2014 June were retrieved from the HEASARC public
archive2 and processed using a software dedicated to the analysis
of the data from coded mask telescopes (Segreto et al. 2010). The
source is detected with a signi�cance of 5.8 standard deviations in
the 15�150 keV energy band, but the signal is optimized in the
15�45 keV energy band where we obtained a signi�cance of 7.0
standard deviations.

Fig. 1 shows the signi�cance map of the BAT sky region around
J194211 in this energy band. We extracted a background subtracted
light curve in the 15�45 keV band, binned at 15-d resolution to
check the long-term source variability in hard X-rays (Fig. 2). The
light curve clearly shows two different �ux levels, with a signi�-
cant higher �ux in the more recent years. To have an estimate of
the time when this enhanced activity began, we built the source
signal-to-noise ratio (SNR) as a function of time; we started cal-
culating the source signi�cance using the entire 10-yr time-span;
we then progressively removed one week of data from the start
of the BAT monitoring and obtained the plot of the source signi-
�cance as a function of the time window. We obtained the high-
est signi�cance using the time window from 2010.6 to 2014.5
(magenta box in Fig. 2). The average BAT rate before 2010.6
has only an upper limit of 3.6 × 10�6 counts s�1 pixel�1, that is

2 http://heasarc.gsfc.nasa.gov/docs/archive.html
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Figure 1. 15�45 keV Swift/BAT signi�cance map centred on 1RXS
J194211.9+255552.

Figure 2. Long-term 15�45 keV Swift/BAT light curve (upper panel) and
SNR (lower panel). Bin-time is 15 d. Magenta box indicates the time window
of the active X-ray state.

compatible with zero, whereas in the period 2010.6�2014.5 the
average rate increases to (3.3 – 0.4) × 10�5 counts s�1 pixel�1.

During this active X-ray state, the light curve suggested a pattern
of recurrent peaks (smoothed interpolated green line in Fig. 2), that
we investigated performing a temporal analysis on the data (see
Section 3).

J194221 was observed during three visits (Obs.ID
00032228001/02/03) with Swift/XRT in Photon Counting
mode at the end of 2011 December, for a total collecting time of
6455 s. In Table 1, we show the log containing the details about the
three Swift/XRT pointings.

The Swift/XRT data were processed using the FTOOLS package
with standard procedures (XRTPIPELINE v.0.12.4), �ltering and screen-
ing criteria, with standard grade �ltering 0�12. The source is clearly
detected in the three visits and no other contaminating source is
present in the Swift/XRT �eld of view (see the left-hand panel
of Fig. 1). To better constrain the source position, we stacked
the three images and we obtained a re�ned source position at

RA = 19:42:11.22 and Dec. = +25:56:05.2 (1.9 arcsec error at
90 per cent con�dence level) using the online Swift/XRT build
products tool,3 that allows also astrometric and enhanced position
determination (Goad et al. 2007; Evans et al. 2014). This new po-
sition and error results are consistent with early estimates (Sidoli
et al. 2011), but the smaller uncertainty allows us to better support
the association of the possible infrared counterpart with the 2MASS
object 19421116+2556056, as shown in Fig. 3.

A �rst inspection of the light curves showed mild variability, with
averaged count rates per snapshot varying up to a factor of 2. The
maximum count rate is � 0.53 counts s�1 in Obs.ID 00032228001,
close to the threshold indicated for a pile-up check.4 We veri�ed
according to the suggested pipeline5 that for this Obs.ID a circular
region with 4 pixels radius (centred at the source position) must be
excluded to avoid spectral pile-up distortions. Therefore, the source
spectrum was extracted from an annular region of 4 and 40 pixels
internal and external radius, respectively, centred on the source
coordinates as previously determined. A background spectrum was
extracted from an annular region of inner and outer radius 90 and
150 pixels, respectively. No pile-up correction was found necessary
for the other two Obs.ID, and we used a circular region of 40 pixels
radius to extract the source spectrum and the same annular region
for the background spectrum.

The XRT ancillary response �le generated with XRTMKARF ac-
counts for PSF and vignetting correction; we used the spectral
redistribution matrix v013 available in the Swift calibration data
base. The spectral analysis was performed using XSPEC v.12.5, after
grouping the spectrum with a minimum of 20 counts per channel to
allow the use of �2 statistics. The source events arrival times were
corrected to the SSB using the task BARYCORR.6

3 TIMING ANALYSIS

We performed a timing analysis of the Swift/BAT data searching
for long-term periodic modulations in the 15�45 keV energy range
during the enhanced activity period from 2010.6 to 2014.5. We ap-
plied a folding algorithm to the barycentred arrival times searching
in the 1�1000 d time range with a step of P2/(N �T), where P is
the trial period, N = 16 is the number of pro�le phase bins and
�T = 124 Ms is the data time span. The average rate in each phase
bin was evaluated by weighting the rates by the inverse square of
the corresponding statistical errors (see Cusumano et al. 2010).

Fig. 4 (a) shows the periodogram with several features emerging.
The most prominent one is at P0 = 166.5 – 0.5 d (�2 = 172),
where the period and its error �P0 are the centroid of the peak
and the standard deviation obtained from a Gaussian �t to the �2

feature at P0; other signi�cant features at higher (lower) periods
corresponding to multiples (sub-multiples) of P0 are also clearly
detected in the periodogram.

The long-term variability of the source causes the distribution of
�2 to deviate sharply both in average and in �uctuation amplitude
from the behaviour expected for a white noise signal dominated by
statistical variations. As a consequence the �2 statistics cannot be
applied, and for an estimation of the signi�cance of this feature, we
applied the following procedure (e.g. see also D�A‘� et al. 2011).

3 http://www.swift.ac.uk/user_objects/
4 see e.g. http://www.swift.ac.uk/analysis/xrt/pileup.php
5 http://www.swift.ac.uk/analysis/xrt/pileup.php
6 http://heasarc.gsfc.nasa.gov/ftools/caldb/help/barycorr.html

MNRAS 451, 2835�2839 (2015)

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article-abstract/451/3/2835/1188138 by guest on 17 M
arch 2020








