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X-shooter is a second generation ESO-VLT instrument thaitisdirst light in October 2009. Itis
a single object medium-resolution spectrograph whose feaiture is the capability of covering
simultaneously in a single observation the range from 3@0R4000 Angstrom. This unique
capability is very well suited to investigate the complexpa of the optical counterparts of
X/gamma ray sources which usually display signatures é¢miht components in emission and
absorption. In July 2012 we observed with X-shooter a snaatfige of counterparts of bright
IGR sources in order to better determine their physical @rigs. We present the first results of
these observations.
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1. Introduction

INTEGRAL has discovered several bright sources in the Galactic ptaeg are usually di-
vided in two groups: obscured sources and SFX]'s [2]. Their studffisult due to their distance
(> 1-15 kpc), absorption (line-of-sight and intrinsic) and the crowfiidds in which they are found.
Since their first discovery, several of them have been identified asMaégs X-ray Binaries. The
vast majority of them are quite bright in infrared and faint in the visible rashge to extremely
high absorption (A(V) almost always greater than 10). Therefore pibetsoscopic observations
have almost always been performed in infrared and for some of theseesono visible spectrum
is available. This is a problem because the best diagnostics of the preprtiee primary star
such as rotation, metallicity and mass loss lie in the visible and ultraviolet domams.(se[B]
). For the sources that do have visible spectra, they are not simultanébuthe infrared ones
which may make the comparison unreliable due to the intrinsic variability of the pristar at
least concerning the emission features.

The X-shooter spectrographJ17] with its exceptional wavelength randéts high sensitivity
is very well placed to investigate on these matters allowing to monitor the knowrspi&Birum
while exploring the VIS and UVB spectrum whenever possible. In prindimecomparison of the
simultaneous visible and infrared diagnostics should allow to constrain tritvegproperties of
the primary star. Moreover the line of sight absorption can be studiedugbiyp by measuring
the total reddening with the SED and measuring the equivalent width anidefatified lines, the
Doppler shifts of ISM absorption features. We asked for 2.5 nightseri¢ir GTO time to observe
a sample of eleven IGR sources in order to perform a first test of Xtehaapabilities on these
sources. We aimed at observing all the sources of the sample at leastdawiteck for variable
features. Unfortunately, due to bad weather, we could observe oelyight and therefore only
seven sources could be observed once. Here we report on thediniis of these observations for
three of the sources in our sample.

2. Observations and Data Reduction

The main observations consisted of four different pointings of 300 b &d#en using the
nodding along the slit technique with an offset of 5 arcsec between paintirgstandard ABBA
sequence. In order to avoid saturation, all the exposures on the NiRrad some of those in the
VIS arm were split in shorter integrations. All of these pointings weregoeréd using narrow slits
(0.5" for the UVB arm, 0.7 for the VIS arm and 0.6for the NIR arm) (see tablg 1 for details).
Each source was also briefly observed with a wide’(bslit to estimate the slit losses. A telluric
AQV star was observed before each source and a flux standardosessed in the beginning of
the night.

The spectra were reduced using the X-shooter pip€efing [6, 9]. Wethseauipeline to build
calibration files (master bias, wavelength solution...) from daytime calibratioeredisons. Af-
terwards we performed bias and dark subtraction followed by divisioa imaster flat field. The
orders were then extracted, rectified in wavelength-slit space and hifeadsand added to sub-
tract the sky contribution. The resulting 2D order spectra were then chéwgeoduce the final 2D
spectrum and the 1D spectrum was extracted using a PSF-weighing sch&heThe 1D spectra
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were subsequently normalized. Flux calibrations and telluric correctioresri@ been performed
yet.

Table 1. Summary of the narrow slit observations for the three saipresented here. Four independent
pointings of 300s each were performed in a standard noddBBAAsequence. Each pointing in the NIR
arm was split in 20 independent exposures each one with unideendent integrations that are averaged
by the detector. The exposure time is given as N(exposure)ntdgrations) x (Detector Integration Time
or DIT).

Source Name Coordinates Exptime (s) Slit Widh (
(J2000) UVB, VIS, NIR UVB, VIS, NIR
IGR J16465-4507 16 46 35-4507 04 4x 300, 4 x (2x150), 20 x (2x30) "0.68.7’, 0.6’
IGR J18483-0311 184817-031015 4x300, 4x 300, 20 x (6x10) "0.8.7", 0.6/
IGR J16418-4532 164151-453225  4x300, 4x300, 20x(2x30) "0.8.7’, 0.6’

3. IGR J16465—4507

This source has been classified as a supergiant of spectral typé gQ38,[d]) or 09.5 [13].
Spectroscopic observations have been performed from the U (39@0tA¢ K band. We clearly
detect IGR J164654507 in the UVB arm starting from about 3500 A. The UVB spectrum looks
similar to the one shown by T[L1] . The possible presence of the Hell 468@lsuggests a BO.5-
B1 spectral type[]3]. The width of thin lines such as e.g. Silll 4552 A sstgyfast rotation with
vsini greater than 200 km/s. The high rotation velocity implies that we're glrgethe source at
high inclination. The VIS spectrum is also quite bright showing an intertséddture (not shown)
and several He | features.
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Figure 1. Left: Section of the UVB spectrum of IGR J16468507, the possible presence of a weak Hell
4686 A line suggests a spectral type B0.5-B] [11] as for araftkis line would be stronger. Right: Section
of the | band spectrum of IGR J16468507, containing several Paschen lines and the 8620 A DIB wit
equivalent width~ 0.5 A.

In figure[] we show the first | band spectrum of IGR J1648507, preliminary comparisons
with the | band spectra of Westerlund 1 supergiant sfais [12] also sug@®.5-B1 spectral type.
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Figure 2: Left: section of the | band spectrum of IGR J1848811 containing several Paschen lines and
the DIBs at 8620 A and 8643 A. The equivalent width of the 8620 is ~1.2 A. Right: Section of the

J band spectrum of IGR J18488311 containing the Hel 10830 A line in emission, the Hel 1D#2and
Bracketty lines in absorption. The Hel 10830 A emission line has a #ijghsymmetric profile which
may be of P Cygni type however a nore careful analysis is redquiThe feature at 10780 A proposed as a
possible DIB by |ﬂ7] is also present.

More quantitatively, we estimated the spectral type with the properties of geh&alines using

the approach offJ1]. We measured the equivalent width of the Paschand Paschen-17 lines
obtaining~2.4 and~0.6 A respectively. These values, once compared to Figure 7 and 8 (last
panel) of [1] again point toward a spectral type B0.5- B1 with Te#5000 K and logg-3.

We also remark that the 8620 A DIB is clearly detected with W5 A. This is expected
considering the source absorption. The equivalent width of this DIEbkas proposed as a red-
dening indicator by[[J0]. Using their formula we can estimate E(B-\I)36 which implies A(V)
~4.2. This value is outside by about one magnitude of the 90% confidence eatighated by
[L4], however using R(V)=4, we obtain A(V)=5.44, well inside their idence range. This may
suggest a non standard extinction law in this direction.

4. IGR J18483-0311

IGR J18483-0311 has been classified as a B0.5 supergiant with NIR spectroscag@c- ob
vations [15] and it has also been observed non simultaneously in ogiicél@. We detected
IGR J18483-0311 only starting from about 6000 A, a wealkxHine is visible, similar to [[p].
From the | band spectrum in Figufe 2 we measured the equivalent widtte ¢fabchen-11 and
Paschen-17 lines obtaining respectively 2.1 A and 0.6 A thus validating twrapclassifica-
tion by [[[$]. We detect the 8620 A DIB with EW.1.2 A and therefore E(B-V}-3.26 which is
in good agreement with published photomefry [15]. From it we obtain A(@)2for R(V)=3.1,
smaller than 15.7 as iff [L5]. Again a non standard extinction law with R@§ could explain this
discrepancy.

In the NIR spectra we identify for the first time in this source a bright, slightjyrasetric Hel
10830 A emission line (see Figyre 2). This line was not reported in the NgBtispn of [I}], this
detection may imply variability in the wind of the source. The asymmetry we detecindepate
the presence of a P Cygni profile.
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Figure 3: Left: Section of the | band spectrum of IGR J1644532. The low S/N allows only the detection
of the strong Paschen lines and of diffuse interstellar barilight: Section of the K band spectrum of
IGR J16418-4532 containing Hel 21126 A, He | 21614 A and Brackethainly in absorption. They also
show small emission bumps consistent with the presence derate winds. The absorption feature not
marked between He | 21614 A and Brackeis a telluric feature.

5. IGR J16418—-4532

IGR J16418-4532 has been classified as an 08.5-09.5 superdjant [2] on the basistof
metric observations and SED fitting but no spectroscopic observatiordkawn reported yet. The
source has been detected with a low S/N (<10) in the VIS arm [Fig. 3). asehen lines 11 and
12 are visible and the continuum is quite faint. We therefore cannot usestttisfithe spectrum for
a spectral type classification. The 8620 A DIB absorption has equivaidth ~1.65 A implying
E(B-V)~4.49 and A(V)=13.9 for R(V)=3.1 consistent with [14]. Conversely th& Npectrum
has a good S/N ratio but it does not present strong emission lines. Wiotledny to establish a
classification using absorption features in the NIR spectrum. In the K bamddmmon features
for O and B supergiants are the Hel 21126 A and the Bragkefheir equivalent widths are
respectively~ 2.8 A and~1.2 A . According to[[l], these EWs, especially the high value for Hel
21126 A, point towards an 09.5 spectral type (see their figure 24)seTlges also display small
emission excesses which may be due to wind emission [[Fig. 3).

6. Conclusions

We have presented the first results of our X-shooter observationsashple of IGR sources.
Taking advantage of the unprecedented spectral coverage, we amufgare the results in dif-
ferent spectral domains. On this basis we suggest that IGR J1848F is a B0.5-B1 super-
giant star in fast rotation, probably seen at high inclination. We confirmclhssification of
IGR J18483-0311 as a B0.5 supergiant and we detect for the first time a bright He liemiss
line possibly suggesting enhanced mass loss with respect to previousatioses. \We present the
first VIS and NIR spectra of IGR J16418532 and on the basis of the K band spectra we suggest
that the star is a 09.5 supergiant.

Using the detection of the 8620 A DIB in the three spectra we estimate the iadderihe
direction of these sources. The results are compatible with published ptiotominen available.
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However in two of three cases the extinction estimations we obtain are compaitibleulslished
ones only if we assume non standard extinction curves.
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