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ABSTRACT

Context. A new hard X-ray transient has been discovered by INTEGRAL on 2006 Sep. 17 at 1 degree from the Galactic Centre.
Aims. INTEGRAL, Swift/XRT and optical photometric observations are used to characterize IGR J17497–2821 and to unveil its nature.
Methods. The X-ray position has been refined to arcsec level through a study of the optical variability of the possible counterparts.
Hard X-ray variability and spectroscopy are used to determine the nature of the source outburst.
Results. IGR J17497–2821 is a new X-ray Nova in low-hard state, probably a new Black-Hole Candidate.
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1. Introduction
The large field of view and good spatial resolution of the Imager
on board the International Gamma-Ray Astrophysics Laboratory
(INTEGRAL; Winkler et al. 2003) allows to monitor regularly a
large fraction of the Galactic bulge. The detection of new X-ray
Novae has always been among the important scientific goals of
the mission as 3 out of 4 contain Black Hole Candidates (Casares
2004).
A new hard X-ray source, IGR J17497–2821, has been discovered by INTEGRAL on September 17, 2006 (Soldi et al.
2006) during the real-time routine monitoring performed at the
INTEGRAL Science Data Centre (Courvoisier et al. 2003).
The source, located at a distance of 1.06◦ from the Galactic
center, was first detected at a level of 25 mCrab in a sky image obtained for spacecraft pointing 04790063 by IBIS/ISGRI
(Ubertini et al. 2003; Lebrun et al. 2003). The source reappeared 4 h later and its flux then increased up to a level of
f20−200 keV = 2.6 × 10−9 erg s−1 cm−2 (0.13 Crab) in 400 ks.
In this letter we present INTEGRAL data obtained on the
source from the first detection up to October 5, 2006 using observing time obtained through the AO-4 Key Program
(Winkler 2006) and through the Galactic bulge monitoring program (Kuulkers et al. 2006). We also present results obtained
from two Swift/XRT (Gehrels et al. 2004) observations carried
out on September 19 and 22. In addition we discuss results of
photometric observations obtained on September 22 with the
“Euler” telescope from La Silla.
The observations and data analysis are presented in Sect. 2.
The source position and possible optical/infrared counterparts

are discussed in Sect. 3. The hard X-ray light curve obtained
with INTEGRAL is presented and analyzed in Sect. 4. The broadband source spectrum and its variability are presented in Sect. 5.
Finally, Sect. 6 provides a discussion on the nature of this new
transient.

2. Hard X-ray observations
2.1. INTEGRAL observations

In the frame of this letter we analyzed 393 INTEGRAL spacecraft
pointings of the Galactic bulge field available from spacecraft
revolution 479 to 485 (one spacecraft revolution spans about
3 days) i.e. from 2006 Sep. 15 02:35 to 2006 Oct. 5 13:22 (UTC).
While IGR J17497–2821 is located within the IBIS/ISGRI field
of view for most of the pointings, it was within the JEM-X1
(Lund et al. 2003) field of view for only 81 pointings. The data
were analyzed using the INTEGRAL Oﬄine Scientific Analysis
(OSA) software1 . We used OSA version 6.0 for most analysis
except for the spectral analysis that was carried with OSA 5.1
(for lack of final OSA 6.0 spectral responses). The ISGRI analysis was performed with an input catalogue of 55 bright sources,
which have been detected in a mosaic image of the field. For
spectral analysis the data set was split in 3 periods corresponding to the onset, maximum and decay part of the outburst.
We also used public INTEGRAL data obtained before the
outburst in order to derive an upper limit to the source flux in
quiescence and to search for type 1 burst.
1
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Fig. 1. INTEGRAL IBIS/ISGRI images of the field in three energy bands
(galactic coordinates). IGR J17497–2821 outshines the “great annihilator” 1E 1740.7–2942 in all bands.
Table 1. List of Swift/XRT observations.
ID
S1
S2

OBS ID
00030805001
00230504991

Time [UTC]
2006 Sep. 19 15:51–16:17
2006 Sep. 22 06:46–08:22

Eﬀ. exposure
1432 s
489 s

2.2. Swift/XRT observations

Two Swift/XRT observations of IGR J17497–2821 were analyzed. The observations are listed in Table 1. Both observations
were performed in XRT photon counting mode. In both observations the source location on the detector plane coincides with
dead detector columns, due to micrometeorite impact. The analysis has been performed using HEAsoft version 6.1.12. Source
counts were extracted within 2 arcmin radius around the source
position. The dead detector columns have been accounted for by
correcting the exposure map, resulting in a ∼50% decrease of
the area response function (ARF). Response functions (ARF &
RMF) used in the analysis are based on the input provided by
the instrument team in April 2006. The systematic error of the
response matrix is about 3%, and the total flux uncertainty in the
2−10 keV band is about 10%. The individual Swift/XRT observations do not show any significant source flux variation.

Fig. 2. Stacked and deconvolved CCD images obtained in the I band
with the C2 camera mounted on the “Euler” telescope (North is up;
0.34 arcsec/pixel). The numbers identify the counterparts that have been
studied and for which 2003 photometry was provided by Laycock et al.
(2006). The circle indicates the probable position of IGR J17497–2821,
based on the photometric results.
Table 2. I magnitudes obtained for a sample of faint stars on 2006
Sep. 22 01:30 (UTC) and in archived CTIO observations of 2003. The
uncertainties on the C2 magnitudes include systematic errors related to
the photometric calibration. The stellar positions and CTIO magnitudes
are from Laycock et al. (2006). The identifications correspond to Fig. 2.
ID
1
2
3
4
5
6

RA
J2000
17h 49 38.11
17h 49 37.92
17h 49 37.67
17h 49 37.51
17h 49 37.55
17h 49 37.72

Dec
J2000
−28◦ 21 17.2
−28◦ 21 14.8
−28◦ 21 13.4
−28◦ 21 15.6
−28◦ 21 19.0
−28◦ 21 16.9

IC2 2006
Mag.
20.54 ± 0.17
19.65 ± 0.09
19.58 ± 0.08
20.17 ± 0.12
20.29 ± 0.14
15.14 ± 0.02

ICTIO 2003
Mag.
21.31 ± 0.09
19.78 ± 0.03
19.69 ± 0.02
20.07 ± 0.05
20.16 ± 0.05
15.14 ± 0.01

The INTEGRAL IBIS/ISGRI mosaic sky images, created in 3 energy bands, are given in Fig. 1. IGR J17497–2821 is the brightest source in the Galactic center region above 100 keV. Note
also the presence of a close-by second new transient source,
IGR J17395–2942, at RA = 17h 39.5 , Dec = −29◦ 42 (J2000,
with a 3σ uncertainty of 1.2 arcmin).
We have determined the position of IGR J17497–2821 using a 21−161 keV mosaic image of the field built using data
from revolution 480 and 481 when the source was in its brightest state and its significance reached 245σ. The resulting position is RA = 17h 49 38.0 Dec = −28◦ 21 14 (J2000) with a
3σ statistical uncertainty of 2.4 arcsec (a systematic uncertainty
of 14 arcsec should be added to take into account uncertainties
on the misalignment).
We used the Swift/XRT image derived from the first observation to obtain a source position of RA = 17h 49 38.0
Dec = −28◦ 21 18 (J2000, 5 arcsec uncertainty) which includes a catalogued blended near infrared source (2MASS
J17493780−2821181) (Walter et al. 2006).
Laycock et al. (2006) used the Swift/XRT position to report a list of possible counterparts observed in a series of
CTIO/MOSAIC frames obtained in 2003 in various optical
and infrared bands. Following the discovery of the source we
obtained an image in the I-band with the C2 CCD-Camera

(Davignon et al. 2004) mounted on the “Euler” 1.2 m telescope
at La Silla on 2006 Sep. 22 00:00-03:00 (UTC). 50 frames
were obtained, cleaned, stacked and deconvolved (Fig. 2).
Aperture photometry was performed on the deconvolved image
using IRAF/DAOPHOT3 removing each time the contribution of
close-by sources by fitting their point spread function. The aperture radius was set to 4 pixels (1.36 arcsec) to allow for the detection of variability in blended sources (the seeing FWHM varied
between 1.3 and 3 arcsec during the observation). Photometric
calibration has been obtained by comparing our results with the
magnitude of Laycock et al. (2006). The resulting magnitudes
for 6 counterpart candidates are listed in Table 2 and compared
to the magnitude of 2003.
The 2006 I magnitude of 5 counterpart candidates match
very well with the 2003 values indicating no variability.
However, the apparent flux of candidate 1 with position RA =
17h 49 38.11, Dec = −28◦ 21 17.2 (Laycock et al. 2006) increased significantly by ∆I = 0.77 ± 0.19 mag (a 4σ detection)
which tentatively identifies the X-ray transient counterpart position. This position is within 1 arcsec of the X-ray source position
recently obtained by Chandra (Paizis et al. 2006).
The optical and infrared photometry (Laycock et al. 2006)
of candidate 1 measured in 2003 indicate that it can be a foreground low mass star or a massive star located at the distance
of the galactic center. An undetected solar type star at the center
of our Galaxy (11mag < AV < 23mag ), blended with candidate 1,

2
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Fig. 3. IBIS/ISGRI (20−80 keV) lightcurve of IGR J17497–2821, rebinned in bins of 4000 s. The numbers given at the top indicate the
INTEGRAL spacecraft revolutions.

would have 24mag < I < 30mag compatible with the photometric
information of 2003. The measured variation of the I magnitude
is likely related to such a blended star and the magnitude of the
X-ray transient in outburst can be estimated as I ∼ 21.5 suggesting a flux increase by a factor of 25 to 2500.
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Fig. 4. Best fit cut-oﬀ power-law model for the Swift/XRT S2 and
INTEGRAL/JEM-X1 and IBIS/ISGRI spectra of revolution 481. The
normalizations have been adjusted.
Table 3. Results of spectral fitting close to outburst maximum. We used
INTEGRAL (ISGRI&JEM-X1) data from revolution 481 and either the
first or the second Swift/XRT observation. Two models have been tried:
either a simple absorbed power-law or an absorbed cut-oﬀ power-law.
XRT

χ2ν

Power-law:

5.1 ± 0.3
5.5 ± 0.5

4. Hard X-ray lightcurve

S1
S2

We constructed the hard X-ray lightcurve of IGR J17497−2821,
in the 20 to 80 keV spectral band, using the INTEGRAL
IBIS/ISGRI data. The lightcurve (Fig. 3) spans 20 days with a
time bin of 100 s. The source outburst started on 2006 Sep. 16
23:48 (UTC) with one short flare and developed in a fast-rise
exponential-decay (FRED) outburst typical of X-ray Novae. The
source flux rose in 400 ks from less than f20−200 keV = 3 ×
10−10 erg s−1 cm−2 to a maximum of 2.6 × 10−9 erg s−1 cm−2 .
The maximum was reached at the beginning of revolution 481
(≈2006, Sep. 21.5 UTC) for energies above 50 keV, and at the
end of revolution 481 (≈2006, Sep. 22.9 UTC) at lower energies
(20−40 keV). Since then the source flux is decreasing exponentially with a time constant of 2 weeks.
The hard X-ray lightcurve features flickering on short time
scales. Using a time binning of 1 ks, the variability rms is twice
larger than expected from the measurement uncertainties. The
amplitude of this flickering reaches 10%. The detailed study of
these variations is out of the scope of this letter.
A mosaic of all public INTEGRAL IBIS/ISGRI pointing images obtained from revolution 30 to revolution 301
(2005-03-31 17:53) was analysed to estimate an upper limit of
the source quiescent flux. No excess was detected at the position
of the source and a 5σ upper limit for the flux in quiescence can
be estimated at 0.052 counts s−1 in the 26−51 keV energy range
(i.e. 0.6 mCrab), for an eﬀective exposure time of 1.5 Ms. This
upper limit and eﬀective exposure includes systematic errors related to the cleaning of the image from bright sources.
We also searched the INTEGRAL archive for signature of
type 1 burst by producing a JEM-X 3−10 keV light-curve with
a time bin of 30 s. We kept all time bins with eﬀective exposure time above 25 s. Over a total of 995 ks we did not
found any short time scale burst at a limiting sensitivity of about

Cut-oﬀ power-law:

S1
S2

1.7596
1.8773

NH

1022 cm−2

1.2295
1.1472

4.4 ± 0.3
4.5 ± 0.4

Γ

I1keV

Ecut

ph/s cm2 keV

keV

1.93 ± 0.02
1.93 ± 0.02

0.51 ± 0.04
0.51 ± 0.04

–
–

1.67 ± 0.06
1.67 ± 0.06

0.252 ± 0.005
0.248 ± 0.004

197+70
−34
195+58
−37

Lbol ≈ (0.1−0.2) × LEDD for a source at the distance of the galactic centre.

5. Hard X-ray spectroscopy
The INTEGRAL/JEM-X1 and IBIS/ISGRI average spectra of
IGR J17497–2821 obtained in revolution 481 were used together
with the Swift/XRT spectrum obtained from one or the other of
the two observations. The combined spectra were fit with either
an absorbed power-law or an absorbed cut-oﬀ power-law model.
Table 3 gives the resulting best fit model parameters obtained
with XSPEC version 11 (Arnaud 1996).
While the simple power-law model is not adequate, the data
are well represented by a cut-oﬀ power-law (Fig. 4). The spectral
cut-oﬀ is detected with a high significance. The average spectrum is very hard with a power-law index of Γ = 1.67±0.06. The
continuum can also be represented by a comptonization model
+0.5
(comptt), in which case a best fit optical depth of τ = 1.45−1.4
+200
and electronic temperature of kT = 35−9 keV are obtained.
Because both parameters are strongly correlated, they are not
well constrained by the fit though. The best fit absorbing column density (Table 3) is significantly higher than the interstellar
column density derived from 21 cm data (1.3 × 1022 cm−2 ).
Cross calibration factors were used in the model fitting to account for cross calibration and for source variability. The spectral cut-oﬀ can be detected using ISGRI data alone therefore it is
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Fig. 5. Probability contours (∆χ2 = 2.3) for the power-law slope and
cut-oﬀ energy for three epochs. This is based on ISGRI data alone.

not due to these factors. Accurate spectral modeling will require
additional eﬀort that is out of the scope of the present letter.
We applied the absorbed cut-oﬀ power-law model to the
INTEGRAL ISGRI average spectra built for the onset (revolution 479-480), maximum (revolution 481-482) and decay (revolution 484-485) part of the outburst and derived confidence contours for the power-law slopes and cut-oﬀ energies for the three
data sets (Fig. 5). In the absence of X-ray spectra the uncertainties are such that spectral variations cannot be very well constrained at this stage of the analysis. There is a tendency however
for the cut-oﬀ energy and the spectral slope to decrease when the
source flux increases.

IGR J17497−2821 will stay in the hard state unless it brightens
again. The current outburst of IGR J17497−2821 very likely belongs to the specific category of X-ray Novae that never reaches
the high soft state and remains dominated by the hard X-ray
emission for the complete outburst (Brocksopp et al. 2004).
In the low-hard spectral state, source flickering at a level of
10% and correlation between source flux and hard X-ray spectral shape have been observed in several X-ray Novae (Kalemci
et al. 2004; Yamaoka et al. 2005). Similar behavior seems to be
observed in IGR J17497−2821.
In neutron star systems, type I bursts are expected on average
every 27 ks and most of them with a luminosity of 0.1 × LEDD
(Remillard et al. 2006). The absence of any bright type I burst
in IGR J17497−2821 over 995 ks, together with a cut-oﬀ energy
of 200 keV, a Compton optical depth ≤2 and a hard X-ray luminosity above 1037 erg/s strongly suggest that IGR J17497−2821
harbours a black-hole candidate (Barret et al. 2000).
Follow-up observations of IGR J17497−2821 will allow further studies of the source.
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