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Using the High Resolution Camera @handra we have obtained the most accurate X-ray po-
sitions known for IGR J163934643 and for IGR J170943624. The obscured X-ray pulsar
IGR J16393-4643 lies at R.A. (J2000)- 16" 39" 0547, and Dec.= —46° 42 130 (error
radius of @6 at 90% confidence). This position is incompatible with thevpusly-proposed
counterpart 2MASS J16390538642137, and it points instead to a new counterpart caralidat
that is possibly blended with the 2MASS star. The black haledidate IGR J170913624 was
observed during its 2011 outburst providing coordinateRg. = 17" 09" 07559, and Dec.

= —36° 24 25'4. This position is compatible with those of the proposedoaptR and radio
counterparts, solidifying the source’s status as a miaegu The other three targets of our ob-
servations, IGR J14043148, IGR J163584726, and IGR J175972201, were not detected
with 30 upper limits of, respectively, 1.7, 1.8, and 1.5 (in ®erg cm2s~1) on their observed
X-ray fluxes (2-10keV).
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1. Introduction

Surveys byINTEGRALhave enabled the discovery of hundreds of new high-energsces
[1, 2]. While the softy-ray imager has proven adept at finding new sources dub¥eEGRAL
Gamma-Ray sources or IGRshe position error radii are on the order of a few arcminutégese
are clearly too large to permit the identification of a singteinterpart in the optical and infrared
(IR) bands. A sub-arcsecond X-ray position obtained v@trendrawill help localize the cor-
rect counterpart enabling follow-up spectral studies t@é&dormed in the optical/IR, which will
eventually help lead to a source classification.

Here, we present the results fradihandrasnapshot observations of five IGRs located along
the Galactic Plane: IGR J14048148, IGR J163584726, IGR J163934643, IGR J17091 3624,
and IGR J175972201. These objects were previously observed WRXITE Swift or XMM-
Newton and so some of their spectral and timing behavior is knoveyBhare a common trait in
that the identity of the optical/IR counterpart was not fiyraktablished when théhandraobser-
vations were proposed.

The fields of these sources were observed~drks each by the High Resolution Camera
(HRC) aboardChandra These observations were scheduled between 2010 Decemib&0al
March. In addition to these X-ray observations, on 2011 d9lywe observed IGR J14048148
with the National Optical Astronomy Observatory (NOAQO) Eexhely Wide Field Infrared Imager
(NEWFIRM) in theJ, H, andKg broadband filters.

2. Detected sources

2.1 IGR J16393—4643

Our Chandraobservation of IGR J163934643 [3, 4] provides the most precise position for
this absorbed X-ray pulsar: R.A. (J2008) 16" 39" 0547 and Dec. = —46° 42 13’0 with
an error radius of 0 (90% confidence). The HRC position is consistent with thoisined
with XMM-Newtonand with INTEGRAL[5]. However, this position is incompatible with the
position of 2MASS J163905354642137 which is located’d away and which has an error radius
of 0712 (at 90% confidence). Thus, we conclude that the 2MASS spuiitose optical/IR analysis
led to diverging conclusions about its spectral class [6,isunlikely to be the counterpart to
IGR J16393-4643. None of the four candidate counterparts proposed]iarfsconsistent with
the Chandraposition.

This suggests that the true counterpart to IGR J163%313 might be a distant (and reddened)
star that is blended with the bright 2MASS star. We combineépdnear-IR images of the field
of IGR J16393-4643 with the NOAO/NEWFIRM telescope with those of archigglitzerIRAC
observations from the GLIMPSE campaign in the mid-IR [8]e$&images are presented in Fig. 1.
What appears as a single object in fhgand is revealed as two distinct peaks in the counts map of
the 5.8um band: one corresponds to the 2ZMASS object, and the othét bewa deeply-reddened
star situated on the wings of the PSF of the 2MASS star. @tn8(not displayed), neither source
candidate can be disentangled from the tail of a cloud-kgan of diffuse emission.

La comprehensive list can be found at http:/irfu.cea.fi/E2R-Sources
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Figure 1: Image of the field of IGR J163934643 as captured by the NOAO/NEWFIRM telescope in the
J andKs bands (left and middle panels), and at Gr8 (right panel) fromSpitzerIRAC [8]. Coordinates
are given as equatorial R.A. and Dec. (J2000) where Nortp endl East is left. The 90%-confidence error
circles corresponding to the HRC position from this worle XMM-Newtonposition [5], and that of the
previously-proposed infrared counterpart 2MASS J163965%42137 are indicated.

If this candidate is real, and if it represents the true ceyoart to IGR J163934643, then it
has been effectively isolated at Ju&. There are no objects listed in the GLIMPSE catalog [8]
consistent with th&€handraposition. The sensitivity limit of the GLIMPSE survey woybdace
an undetected supergiant O9 st (~ 30,000 K, andR ~ 20R) with Ay ~ 20 at a minimum
distance of 25 kpc, which is probably too far to be plausike.the other hand, for an undetected
main-sequence B stafg; ~ 24,000 K, andR ~ 10R.,), the sensitivity limitimplies a large, but rea-
sonable distance(12 kpc away). We point out that IGR J16398643 is positionally coincident
with the edge of an active, massive star-forming (H Il) regsduated at a distance of 12:0.3 kpc
[9]. If the blended counterpart to IGR J16398643 is a main-sequence B star that originated from
this H 1l region, then this would suggest a distance-G®2 kpc to the X-ray source, consistent with
our estimate from the sensitivity limit.

2.2 IGR J17091—-3624

Our Chandraobservation of the microquasar IGR J176®624 [10, 11] coincided with the
2011 outburst so we were able to detect the source at a positia.A. (J2000)= 17" 09" 07559
and Dec= —36° 24 25/4 with an error radius of'® (90% confidence). This is the most accurate
X-ray position known for this object and it is’® away from, and is consistent with, the XRT
position which has an uncertainty of33[12].

As illustrated in Fig. 2, the IR [13] and radio [14] positioase only marginally compatible
with each other at the 90% confidence limit. Neverthelessy #re both inside the HRC error
circle so the coordinates from the three energy bands (réRljand X-rays) can be considered to
be consistent which further solidifies the source’s stasus microquasar.

Adopting an absorbed power law model with spectral parammdieed to those of the XRT
observation I§y = 7.8 x 10#tcm~2, andl" = 1.6) [12], the HRC count rate of 37 count’s(0.3—
10 keV) converts to an absorbed flux aflx 10 2ergcm?s 1 (2-10keV). This is a factor 35
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Figure 2: The field of IGR J170943624 in thel band as captured by the IMACS imaging spectrograph
on the 6.5-m Magellan Baade Telescope at the Las Campanasvatmsy during 2011 Feb. 6 [13]. Coor-
dinates are given as equatorial R.A. and Dec. (J2000) wherthlis up and East is left. The error circles
corresponding to th€handraHRC position (this work), and that of the proposed infraj&8] and radio
[14] counterparts are indicated. TBavift XRT error circle of [12] is larger than the image. Also indied

are the general locations of the two counterpart candida@s’ and “C2”) from [6], and the locations
(represented by diamonds) of nearby infrared sources.

times the 2—10-keV flux recorded by XRT %610~ 1*erg cnm?s~1) [12], and nearly two orders of
magnitude larger than the average flux measured by IBIS/IS@iRn translated to the 2—10-keV
band (35 x 10 1 erg cnr?s1) [1]. The peak intensity measured ByiftBAT? on 2011 Feb. 15
(MJID 55607) is 5 x 102 erg cn?s~* (2-10 keV). The HRC count rate converts to an observed

2
luminosity of 10 x 10°8 |:20dkpc} ergs .

3. Undetected sources
3.1 IGR J14043—6148

We did not detect IGR J14043%148 [1] during our observation, nor were any other sources

2http://heasarc.nasa.gov/docs/swift/results/tramsien
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detected inside the IBIS/ISGRI error circle db4adius. The & upper-limit on the source count
rate is 0.008 countss in the 0.3—10 keV band. A power law whose parameters are fixétbse
derived from the XRT observatioNj = 7 x 10?2cm~2, andl” = 1.8) [15] yields an absorbed
2-10-keV flux< 1.7 x 10 2 erg cm2s~1 which is less than the flux measured with XRT92
10 '2erg cm?s71) [15] or with IBIS/ISGRI (46 x 102 erg cn2s™1) [1] when translated to the
same energy range (2—10 keV). This suggests that the s@uwegable in the X-rays which rules
out a SNR, and points instead towards the AGN scenario pegpasginally by [1] and by [15].

3.2 IGR J16358—-4726

Unfortunately, IGR J163584726 [16] was not active (or it was very faint) during our 1-ks
observation and so it was not detected. No other sources adeteeted in the field. The non-
detection is not surprising given that monitoring obséovet with RXTE® show few periods of
activity in the last 7-8 years. We set a Bipper limit of 0.005 countss on the 0.3-10-keV flux
from IGR J16358-4726. An absorbed power law with parameters fixed to thosa &anXMM-
Newtonobservation in which the source was detectlig & 2 x 10°3cm2 andl™ = 1.5) [17]
gives an observed flux 1.8 x 10~ *2ergcnt?st in the 2-10-keV band. This upper limit from
Chandrais less than the average flux observed with IBIS/ISGRI whansiated to the 2—10-keV
band (39 x 102 ergcnm?s-1) [1]. For comparison, [17] usedMM-Newtorto measure a flux of
(3.140.6) x 10-*3 erg cn2 s~1 during detections, with@ upper limits of 4x 10~ 1% ergcn?s~1
during non-detections.

3.3 IGR J17597—-2201

IGR J175972201 [18] was not active during our 1-ks observation, and wa$ not detected.
The 3o upper limit on the X-ray flux (0.3—10 keV) at the [19] sourcesjtion is 0.009 countss.
For comparison,Chandrarecorded 0.19 counts$ in 2007 when the source was active [19].
Adopting the spectral parameters from tKBIM-Newtonobservation of [20], i.e.Nq = 4.5 x
10?2cm~2andrlr = 1.7, the upper limit converts to an absorbed flux (2—10 ke\& af5 x 10~ 2erg cn2s™2,
This is well below the average flux (2—10 keV) extrapolatedfiBIS/ISGRI (35x 10t ergcnt?s™1)
[1]. The long-term light curve of IGR J17592201 fromRXTEmonitoring shows that the source
was active during 2001-2008 (mostly concurrent with theSIBBGRI observations), and has been
dormant since then. Therefore, tl@handraupper limit represents a boundary on the quiescent
flux for this source. The distance to the source is not known[21] propose a distance of between
5and 10 kpc, while [22] suggest an upper limit of 16 kpc fromXaray bursts. Th€handraupper

2
limit corresponds to an observed quiescent X-ray lumigasit< 1.8 x 10** [%kpc} ergs?.

4. Summary & Conclusions

OurChandraobservations enabled us to derive sub-arcsecond X-ragic@oes for IGR J163934643
and IGR J17094 3624. The refined X-ray coordinates that we obtained for IG&893-4643 ex-
cludes the 2MASS star that we had previously proposed agitieatliR counterpart (whose spec-
tral class was the subject of disagreement), and poin&sadgb a new (and probably distant) coun-
terpart candidate in the mid-IR that is blended with theltrRMASS star. For IGR J170913624,

Shttp://asd.gsfc.nasa.gov/Craig.Markwardt/galscan
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we provide a precise X-ray position that is consistent whié teported optical/infrared and ra-
dio counterparts, cementing its status as a microquasaeeTdf our targets were not detected:
IGR J14043-6148, IGR J163584726, and IGR J175972201. Nevertheless, the upper lim-
its that we derived for their fluxes helps to establish theyeaaf dynamic variability, which can
prove useful for clarifying their nature. The non-detecta IGR J14043-6148 suggests an active
galactic nucleus rather than a supernova remnant. The lippefor IGR J17597-2201 sets the
boundary on the quiescent flux from a probable low-mass Xeiagry that has been dormant since
2008. These results were published as Bodaghee et al. (284.2)751, 113 [23].
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