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ABSTRACT

eb 2008

L Context. The INTEGRAL mission has led to the discovery of a new type of SupergiarayXBinaries (SGXBs) whose physical properties
differ from those of previously known SGXBs. The first class isstituted of obscured persistent SGXBs and the second daxspulated
by the so-called Supergiant Fast X-ray Transients (SFXTSs).

Aims. We report here on mid-infrared (MIR) observations of the panion stars of twelve SGXBs from these two classes.

I Methods. We used data from observations we carried out at &8D using VISIR as well as archival and published data to qenf
broad-band Spectral Energy Distributions of the compastars and fitted them with a combination of two black-bodesesenting the star
and a MIR excess due to the absorbing material enshroudénstan, if any.

C Results. We detect a MIR excess in the emission of IGR J16318-4848, JG#358-4726 and perhaps IGR J16195-4945. The other sources

O do not exhibit any MIR excess even when the intrinsic abgamps very high. Concerning IGR J16318-4848 and probabR 0136358-4726,

(7) the MIR excess can be explained by their sgB[e] nature andrésmence of an equatorial disk around the supergiant cdorpanwhich dust

S can be produced. We also show that th@edences of behaviour between the obscured SGXBs and thesSRXfie high-energy domain do
not exist from optical to MIR wavelengths, but supergiaatsin SFXTs could nevertheless be most of the time less labdddhan supergiant
stars in obscured SGXBs, due to the geometry of the systetrlast) our results confirm the presence of a very dense coabomaterial

—~around the compact object as the extinction in the X-ray doisaenerally several order of magnitudes higher thanxtieation in the visible.

o0

cY)Key words. Infrared: stars — X-rays: binaries, individuals: IGR J15¥®45, IGR J16207-5129, IGR J16318-4848, IGR J16320-4751
IGR J16358-4726, IGR J16418-4532, IGR J16465-4507, IGRA74@514, IGR J17252-3616, IGR J17391-3021, IGR J17544:26
IGR J19146-0951 — binaries: general — supergiants — Stars: fundamgstaineters

o

o, 1. Introduction object orbiting around an early-type supergiant and feddsy a

C_5 . L cretion from the strong radiative wind of the companion.Séhe
High-Mass X-ray Binaries (HMXBs) are X-ray sources fO{)bjects are persistent sourcesc (L.~ 10° erg s?) and their

-C which high-energy emission is due to accretion onto a COMPAG,tive low number compared to the population of’Beay

object (black hole or neutron star) of material coming from Binaries was explained as a consequence of the short ldetim
massive companion star. Until recently, the huge majority 9 supergiant stars

known HMXBs were BgX-ray binaries, i.e a neutron star ac- The launch of the INTErational Gammay-Ray

creting from a disc around a Be star. Most of these sourc . :
are transient, even if a few are persistent weak X-ray emﬁ_&rophyscs Laboratory (INTEGRAL, [Vinkler et al.|2003)

ters (x ~ 10% erg s%). The other known HMXBs were in October 2002 completely changed the situation as many

) 2= more HMXBs whose companion stars are supergiants were
Supergiant X-ray Binaries (SGXBs), composed of a COrm)aocltscovered during the monitoring of the Galactic Center and

Send offprint requests to: F. Rahoui the Galactic Plane using the onboard IB&5RI instruments

* Based on observations carried out at the European South@dbertini et al.[2003; Lebrun et jl. 2003). Most of these

Observatory under programmes ID 075.D-0773 and 077.D-0721 sources are reported |in Bird ef gl. (2P07) fnd Bodaghed et al.
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(007), and their studies revealed two main feaf
where not present on previously known SGXBs:

— first, many of them exhibit a considerable intrin
tion, with a column density up to |y ~ 2 x 10

ures whi&hLockmar
Lyman- an
density, wh
5ic absorpdl our Gala
FAcm™2 o the real

in the case of IGR J16318-4848 (Matt & Guain

which explains why previous high-energy missiq
detected them.

second, some of these new sources revealed
nature. They are undetectable most of the tim
sionally present a fast X-Ray transient activit
few hours. Moreover, they exhibit a quiescent
of Lx ~ 10* erg s?, well below the persisten
other SGXBs.

It then appears that supergiant HMXBs disg
INTEGRAL can be classified in two classes: one ¢
siderably obscured persistent sources that we will
obscured SGXBs in this paper and one class of Su
X-ray Transients (SFXT

High-energy observations can give some inform
the compact object or about the processes that leal
sion but do not allow to study the companion star.
fore very important to perform multi-wavelength of
of these sources - from optical to MIR wavelengths -

dust around these highly obscured systems. Howe
given byINTEGRAL are not accurate enough?) to i
their optical counterparts, due to the large number
the error circle. Observations with X-ray telescopeg
Newton or Chandra are therefore crucial because th
localisation with a position accuracy of dr better, wh
ers the number of possible optical counterparts.

We performed optical to MIR wavelengths obse
several candidate SGXBs recently discovered Wi

., Negueruela efal. 2006bj).

21 3003), Np(H2)
ns had N ~) and
©007). It i

a transii@ilue at the
e and ocfiae of sight
lasting a On the
luminosityigh-energy
t state ofthe right dis

Using t
overed R¥ympanion
@ss of cofic data fro
simally cwhen neeg
bergiant Agkribution
two-compo
ation abagibution of
] to thee ergion.

It is there- £SO ob
serwas  Section 2.

er, pasiti
dentify

HRe- 2.1. MIR o
ey allow a

chlow- MIR obser

2006 June
rvations &SQVLT m
GRAL.

Optical and NIR observations were carried out
using EMMI and SOFI instruments and aimed at

the spectral type of the companions through accufate astrarigue was U
etry as well as spectroscopy and photometry of the candidetavelength

counterparts. They are reported in the companion
et al., 2007, CHAOQ7 hereafter), and it is shown tf
these sources are actually supergiant stars.

In this paper, we report on MIR photometric ok
of the companions of twelMNTEGRAL candidate SH
obscured SGXBs which aimed at studying the circu

vironment of these highly absorbed sources and partiguiarl

detect any MIR excess in their emission which cg
to the absorbing material. This sources were cho
they had very accurate positions and confirmed 2N
terparts.

All the sources in our sample are listed in Tab

A$STT inNandQ
nstrainirgjandard ”

apetyChidorth-Sout
at most of 0.25 Hz.
chopping re

(Z99D), who performed HI observations from
d 21cm line. ) (HI) is the total galactic column
ch means itis integrated along the line of saylerr
xy. Therefore, it is likely overestimated comgzh
alue at the distance of the sources.
is computed using the velocity-integrated map
the X-ratio given ih Dame, Hartmann, & Thaddeus
5 also likely overestimated compared to the real
distance of the sources as it is integrated dlang
over all our Galaxy.

Contrary, Ny is computed from the fitting of the
SED so it takes into account all the absorption a
tance of the source.

hese observations, the results reported in the
paper (CHAO07) as well as archival photomet-
m the USNO, 2MASS and GLIMPSE catalogues
ed, we performed broad-band Spectral Energy
5 (SEDs) of these sources and fitted them with a
nents black-body model in order to assess the con-
he star and the enshrouding material in thesemi

servations as well as our model are described in
n Section 3, results of the fits for each source are

\ 51as thps regiven and these results are discussed in Section 4. We atenclu
resents the only way to characterize the companion or tetetg section 5.

of abjec 2. Observations

bservations and data reduction

ations were carried out on 2005 June 20-22 and
29-30 using VISIR| (Lagage ef] al. 2004), the
d-infrared imager and spectrograph, composed of

an imager and a long slit-spectrometer covering severaidilt

pbands and mounted on Unit 3 of the VLT (Melipal).
chopping and nodding” MIR observational tech-
sed to suppress the background dominating at thes
S. Secondary mirror chopping was performedan th

n direction with an amplitude of 1&t a frequency
Nodding technique, necessary to compensate for
siduals, was chosen as parallel to the choppithg a

servatiorepplied usi
XTs and Duetot
mstellar evbservatio
We per
uld be dge=8.59+0.
sen becalisel8.72+:0
IASS coyt9/2x19'2
bracketed
e 1. Alongnd PSF d

g telescopdieets of 16.

e high thermal MIR background for ground-based

s, the detector integration time was set to 16 ms
rmed broad-band photometry in 3 filters, PAH1
2 pum), PAH2 @=11.25:0.59 ym) and Q2

88 um) using the small field in all bands

nd 0075 plate scale). All the observations were

ith standard stars observations for flux cdlima

termination. The weather conditions were good and

with their intrinsic parameters as their coordinates orffgec-  stable during the observations.

tral types, we also give the total galactic column der
tral hydrogen (Ny(HI)) and the total galactic colum
of molecular hydrogen (N(H2)) in the line of sight, a|
the X-ray column density of the sourcej(y).

Ny (HI) is computed using the web version ¢

sityeaf- Raw da
n densitywritten by
s well as real-time t

nodding po
f thgyN detector is

FTOOL from HEASARC. This tool uses the data fr

bm Dickewbnormal h

a were reduced using the IDL reduction package
ric Pantin. The elementary images are co-added i
obtain chopping-corrected data then thHEedint
itions are combined to form the finalimage. VISIR
flected by stripes randomly triggered by some
gh-gain pixels. A dedicated destriping methasl h
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been developed (Pantin, 2007, in prep.) to suppress them. used archival data from 2MASS and GLIMPSE catalogues,
which is relevant in our case as we use GLIMPSE fluxes.
MIR fluxes of all observed sources including &rrors are

listed in Table 2. Above 8um, where absorption is dominated by the silicate
features at 9.4m and 18:m, we found several extinction laws
in the literature [(Rieke et &]. 19B89; Lutz el al. 1996; Moneti
et al.[200[L) which exhibit some fiérences. Considering the
When we did not have optical to MIR data of our sources, wegh importance of a good assessment to correctly fit the MIR

searched for the counterparts in 3 catalogues: excess, we decided to assess the rﬁt\i/oin 2 VISIR bands -

— in the United States Naval Observatory (USNO) cataloguB§H1 and PAHZ - from our data in order to build the relevant
in B, R and | for USNO-B1.0, B and R for USNO-A 2 1aw for our observations.

2.2. Archival data

Positions and fluxes accuracies at@® and 0.3 magni-  Rieke & Lebofsky [1985) gave the interstellar extinction
tudes in the case of USNO-B.¥;Dand 0.5 magnitudes in@W up to 13um and from th:w results, we derived0@3 <
the case of USNO-A.2. pahl pah2

< 0.074 and 047 < < 0.06. To get the best
— in the 2 Microns All Sky Survey (2MASS),inJ (1.26.16  Av . Ay g
um), H (1.65:0.25 um) and Ks (2.120.26 um) bands values corresponding to our data in PAH1 and PAH2, we pro-

Position accuracy is about D. ceeded in 3 steps:
- Ilg theSp;zer_s Ggﬁf&%;egaéy Ipfra_red M'?'g'%”; Survey _ we first selected the sources for which we had VISIR fluxes
xtraordinaire ( E} Benjamin etfal. 2003), survey in PAH1 andor PAH2 and fitted their SEDs with extinction

of the Galactic Planellf < 1° and betweer=10" and laws given in CAR89 and INDO5 from 0.36 to;8n and
=65 on both sides of the Galactic Center) performed with half-interval values taken in PAH1 and PAH2

the Spitzer Space Telescope, using the IRAC camerain four _ then, when we did not need any MIR excess to fit the IRAC
bands, 3.€0.745um, 4.5:1.023um, 5.8:1.450um and A A
g\ahl and pah2

8+2.857um. fluxes, we adjusted the Ay ratios to im-

All sources had a confirmed 2MASS counterpart and three of Prove they? of our fits. o .

them (|GR J16195-4945, IGR J16207-5129 and IGR J16318- we fmaIIy averaged all the extinction values obtained fbr al
4848) had a GLIMPSE counterpart given in the literature. We SOUrCes to get what we consider as the right ratios in PAH1
found all the other GLIMPSE counterparts using the 2MASS and PAHZ in the direction of the Galactic Plane.

positions and they are listed in Table 3. We used all the The resulting values are in good agreement with those given
fluxes given in the GLIMPSE catalogue except in the cage 9 g g 9

of IGR J17252-3616, IGR J17391-3021 and IGR J17543) (€ extinction law from{ Lutz et pI[(1996), therefore we

2619 because fluxes were not present in the catalogue tabggg,ﬁﬁetﬂicll‘ﬁéé dext|nct|on law to it our SEDs above.,

Nevertheless, we used the archival images and directly mea- l _ ] _

sured their fluxes, using aperture photometry. Uncertsrin Ay values we used in each band are listed in Table 4, and
the measurements were computed in the same way usingttieoverall extinction law is displayed on Fig 1.

error maps given with the data.

2.4. SEDs

2.3 A 1 . . . .
3. Absorption Using all the archival and observational data from optical t

Absorption at wavelength, A,, is a crucial parameter to fit theMIR wavelengths, we performed the SEDs of these sources.
SEDs, especially in the MIR. Indeed, inappropriate valuas cWe fitted them (using &> minimization) with a model com-
lead to a bad assessment of the MIR excess. bining two absorbed black-bodies, one representing the com
Visible absorption & was a free parameter of the fits. Arpanion star emission and a spherical one representing & poss
accurate interstellar absorption law - i.e. the waveledgften- ble MIR excess due to the absorbing material enshrouding the

dence of the"f‘\—/l ratio in the line of sight - was then needed t§ompanion star:
properly fit the SEDs.

In the optical bands, we used the analytical expressi ) = 2rhc® 10-04A, R.2 . Ry? W 2
given in[Cardelli et g1.[(1989, CAR89 hereafter) who derive T D24 /1% L % L
edkT. —1 ekl —

the average interstellar extinction law in the directiontlod

Galactic Center. , , We added to the flux uncertainties systematic errors as fol-
From 1.25um to 8 um, we used the analytical expressmq’bwing:
given in [Indebetouw et al.[ (2005, INDO5 hereafter). They

derived it from the measurements of the mean values of the 5q, systematic error in each IRAC band as given in the

AT o
color excess ratios A from the color distributions of IRAC manuat
-

observed stars in the direction of the Galactic Center. They httpy/ssc.spitzer.caltech.e@iocumentsonsom8.0.irac. pdf
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— comparing the variations of the flux calibration values olare A;=16.1, T,=13800K, %:8,94 x 10711 and the corre-

tained from standards with VISIR during our observatiogbondmg reduceg? is 15.84. We then found a MIR excess.
nlghts,bwe flgoured out th"ét syostematlc errors with VISIR The additional component is then necessary to correctly fit
were about 5% at 10m and 10% at 2@m the SED as this source exhibits a MIR excess. Neverthelgess, a

The free parameters of the fits were the absorption in tdS Shown in Fig 4, this excess is small and the lack of data
V-band Ay, the companion star black-body temperatureiid aPove 8:m does not allow to reach definitive conclusions.

radius to distance ratig—* as well as the additional spherica\ Moreover, " both cases (W'th and W|th0u_t dust), Fhe stel-
ar component is consistent with anlBDsupergiant, as it was

component black-body femperature and radigsimd Ry. already suggested [n Tomsick et 4T. (7006).

Best-fitting parameters for individual sources as well as
correspondinge® are listed in Table 5 and fitted SEDs are3.2. IGR J16207-5129

) . o ,
dgrga):ai(ejrsgreFlligst:d ir':/l'cr);ilogzr, 90%-confidence ranges I%ER J16207-5129 is an obscured SGXB that was discovered
P In Table 5, along with the bést fitting parameters, we al by INTEGRAL during observations carried out between 2003

. ' . o > ; ' ebruary 27 and October 10 (Walter etfal. 4004).
give the total galactic extinctions in magnitudegand Ay e [20d6) observed it witBhandra during
in the line of sight as well as the X-ray extinction of the swur the same run as IGR J16195-4945 and gave its position

in magnitudes 4. . X . . )
with a 0’6 accuracy. They also fitted its high-energy emis-
A1, Arz and A are computed from N(HI), N(H2) - Gon ity an absorbed power-law and derived ~ 0.5

and Ty given in Table 1 using the relation tf = 4 Ny ~ 3.7 x 10P%cm. Using their accurate local-

31 : ad
E-gxblg?sck)(BOhlm' Savage, & Drakg 19778; Rieke &ization, they found its NIR and MIR counterparts in the
2MASS (2MASS J16204627-5130060) and in the GLIMPSE
(G333.459001.0501) catalogues and performed its NIR
3. Results photometry using ES@ITT observations. They showed its
temperature was to €l 8000K, which indicates the system is
3.1. IGR J16195-4945 a HMXB. They also found its USNO-B1.0 (USNO-B1.0 0384-
IGR J16195-4945 was detected BYTEGRAL during obser- 0560875) counterpart.
vations carried out between 2003 February 27 and October
19 (Walter et al[ 2004) and corresponds to the ASCA source We observed IGR J16207-5129 on 2006 June 29 in PAH1
AX J161929-4945|(Sugizaki et | 01; Sidoli ef jal. 3005and PAH2 during 1200s in each filter and in Q2 during 2400s.
AnalyzingINTEGRAL public data| Sidoli et @l{ (20P5) derivedTypical seeing and airmass weré7@ and 1.09. We did not
an average flux level of17 mCrab (20-40 keV). Performingdetect it in Q2 but in PAH1 and PAH2. Fluxes we derived are
a follow-up with INTEGRAL, Sguera et al[(2006) showed it21.7+1.4 mJy and 9.41.3 mJy respectively.

behaved like a SFXT and reported a peak-flux-86 mCrab Using those values as well as fluxes from ESDOT obser-
(20-40 keV). vations and GLIMPSE archives found|in Tomsick gt gl. (2006),

Tomsick et al. [[2046) observed the source withandra we fitted its SED and best-fitting parameters arg=A0.5,
between 2005 April and July and gave its position witH’@ 0 T -33800K, %=9.42 x 10711 and the reduceg? is 28.59.

accuracy. They fitted its high-energy emission with an ai‘(l'egueruela & Schurt (2007) found the spectral type was to

H 2, —2
sorbed power-lawhar)d der|v§d~I0.5 ?nd ,N‘| ~h7X#02 C(T\I * be earlier than B1l; our parameters are therefore in goagkagr
Moreover, using their accurate localization, they fousd\NtR ment with their results.

and MIR counter-parts in the 2MASS (2MASS ‘]16193229'he best fit with the additional component gives a larger re-
4944305) and in the GLIMPSE (G333.5500.3390) ceq,2 of 30/7 and Ty < 200K, which is not significant
catalogues and performed its NIR photometry using RS0 s the presence of such cold material marginally enhanees th

observations. They showed its spectral type was compati R flux. We therefore think IGR J16207-5129 is afBnas-

with an O, B or A supergiant star. They also found pOSSibLﬁ‘ve star whose enshrouding material marginally conteibud
USNO-A.2 and USNO-B.1 counterparts. Nevertheless, asl MIR emission.

was already suggested in their paper, the USNO source is a
blended foreground objeqt (Tovmassian ¢} al. 2006).

3.3. IGR J16318-4848

We observed IGR J16195-4945 on 2006 June 30 in PA'T\'/?‘ain high-energy characteristics of this source can bedonn
during 1200s but we did not detect it. Typical seeing and ajf g 9y

) att & Guainazzi[2003) and Walter etldl. (2003). IGR J16318-
mass were'088 and 1.07. 4848 was discovered byNTEGRAL on 2003 January 29

We nevertheless fitted its SED using NIR and GLIMPSE ﬂu(bourvoisier et 4[2003) and was then observed WikiVI-

values given ir| Tomsick et | (2406) and best-fitting ParaMReanton which allowed a #localization. Those observations

ters are A=15.5, T.=23800K, 5-=5.96 x 107, T4=1160K, showed that the source was exhibiting a strong absorption of
Rg=5.1R. and the reduceg? is 3.92. Ny ~ 2x 10%%cm2, a temperature k¥ 9 keV and a photon
The best-fitting parameters without the additional compbnéndex~ 2.
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Table 1.Summary of sources studied in this paper. We give in the tablename, their coordinates (J2000 and galactic), ta tot
galactic column density of neutral hydrogen{{HI)) and the total galactic column density of molecular togen (Ng(H2))in
the line of sight, the X-ray column density of the sourceyl, their type (SFXT or OBS - obscured sources), their spetytpe
(SpT) and the reference (Ref) about the spectral type. Bpeictral types come from optigllR spectroscopy, reported in the

following references: c: Chaty et al (2007, submitted) fiddre & Chaty ), ifin’t Zand et &I[(20p6), n[l: Neguefa et 4.

@00%), n2{Negueruela eilal. (20p6a), h3: Nespoli { aD{200:[Pellizza et a1[(2006), [t: Tomsick ef 4I. (2P06).
Sources «(J2000)  5(J2000) [ b Ny(HN(0?) Ny(H2)(10%) Ny (10P%) Type  SpT  Ref
IGR J16195-4945 16 19 320 -49 44 307 33356 0339 22 54 7.0 SFXT? @B t
IGR J16207-5129 16 20 48 -51 30 060 33246 —1.050 17 22 37 OBS oB t
IGR J16318-4848 16 31 40 —48 49 000 33562 —0.448 21 36 2000 OBS sgB[e] f
IGR J16320-4751 16 32 (80 —47 52 270 33630 0169 21 44 210 OBS OBl ¢
IGR J16358-4726 16 35 58 -47 25 411 33701 -0.007 22 73 330 OBS sgBle] ¢
IGR J16418-4532 16 41 510 —45 32 250 33919 0489 19 36 100 SFXT? OB ¢
IGR J16465-4507 16 46 30 —45 07 040 34005 0135 21 59 600  SFXT BO5I ni
IGR J16479-4514 16 48 08D —45 12 080 34016 —0.124 21 82 77 SFXT? OBl ¢
IGR J17252-3616 17 25 10 —36 16 586 35150 —0.354 16 39 150 OBS OBl ¢
IGR J17391-3021 17 39 188 —30 20 376 35807 0445 14 45 300  SFXT O8lab(f) n2
IGR J17544-2619 17 54 2B —26 19 526 326 -0.336 14 78 14 SFXT 09b p
IGR J191460951 19 14 023 +09 52 583 4430 —0.469 17 37 6.0 OBS Bl n3

Table 2. Summary of VISIR observations of newly discovel®TEGRAL sources. We give in the table their name and their
MIR fluxes (mJy) in the PAH1 (8.58m), PAH2 (11.25%:m) and Q2 (18.72m) filters. When we did not detect a source, we give
the upper limit. When no flux nor upper limit is given, the smiwas not observed in the considered filter.

Sources PAH1 PAH2 Q2
IGR J16195-4945 < 6.1 <78 <503
IGR J16207-5129 2¥+14 94+13 <534
IGR J16318-4848 428+ 3.0 3174+ 3.4 1807+ 153
IGR J16320-4751 12+17 63+18
IGR J16358-4726 < 6.9
IGR J16418-4532 <538
IGR J16465-4507 6=+11 <50
IGR J16479-4514 10+12 7.0+16
IGR J17252-3616 .6+0.6 <50
IGR J17391-3021 7Q+16 465+26
IGR J17544-2619 46+28 202+21
IGR J191460951 352+14 191+14

Table 3. List of GLIMPSE counterparts we found for 9 sources. We givéhie table their name, the name of their GLIMPSE
counterparts, their separation from the 2MASS countesgard their fluxes in mJy at 3i8n, 4.5um, 5.8um and 8um. When
the counterparts’ fluxes were not available in the databasereduced the corresponding images and directly compbted t
fluxes.

Sources GLIMPSE counterpart Separation .63n 45um 58um 8um
IGR J16320-4751 (G336.32980.1689 017 482+19 443+21 360+20 173+10
IGR J16358-4726 (G337.0994-00.0062 46 59+05 56+ 06 5317
IGR J16418-4532 (G339.18890.4889 028 125+09 95+06 56+ 0.6 36+04
IGR J16465-4507 G340.05360.1350 016 450+20 326+15 220+09 137+06
IGR J16479-4514 (G340.1630-00.1239 718 686+31 496+20 412+23 194+09

IGR J17252-3616 3B+37 247+47 218+50 96+6.5
IGR J17391-3021 379+440 2970+ 310 2050+ 330 1110+ 280
IGR J17544-2619 218+ 254 1370+ 189 996+76 665+121

IGR J19140-:0951 GO044.2963-00.4688 48 1850+9.3 1520+111 1039+54 620x21
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Table 4.Adopted% values.

Filters U B V R | J H Ks 36um 45um 58um 8um 859um 1125um 1872um
% 1575 1332 1 0757 Q486 0289 Q174 Q115 Q0638 00539 00474 00444 Q0595 00605 0040
10
Cardelli et al. Indebetouw et al.;, Lutz et al.
1 - .
$>
<
0.1 ¢ E
0.01 ‘ ‘
0.1 1 10 100
A (um)

Fig. 1. Adopted extinction law. We used the law giver|in Cardellilg{([B989) in the optical, the one given fin Indebetouw ¢t al.
(200%) from 1.25m to 8um, and the law frorh Lutz et @} (19P6) aboveis:.

Table 5. Summary of parameters we used to fit the SEDs of the sourcegivé/e the table their name, the total galactic extinc-
tions in magnitudes A and Ao, the X-ray extinction of the source in magnitudeg @nd then the parameters themselves: the

extinction in the optical 4, the temperature,Tand the% ratio of the companion and the temperature and radjpand Ry (in
R. unit) of the dust component when needed. We also add theedgtiave reach for each fit.

Sources Ay Apz Ax  Av T.(K) B T4 E(&) Y3/dof
D D. (D

IGR J16195-4945 11 286 374 155 23800 596x 10X 1160 5L  39/2
IGRJ16207-5129 8 118 198 105 33800 %2x 10T 285/9
IGR J16318-4848 10 102 10695 170 22200 374x 100 1100 100  66/6
IGR J16320-4751 14 236 1122 354 33000 138x 100 77/6
IGR J16358-4726 18 304 1764 176 24500 316x 10T 810 101 36/2
IGR J16418-4532 1Q 103 535 145 32800 377x 10T 14/4
IGR J16465-4507 13 314 3207 59 25000 640x 10 139/7
IGR J16479-4514 14 438 412 185 32800 100x 100 7.4/6
IGRJ17252-3616 8 201 802 208 32600 %7 x 10T 38/5
IGRJ17391-3021 2 239 1604 92 31400 180x 10D 117/10
IGRJ17544-2619 7 415 770 61 31000 27x 10D 6.1/8
IGR J191400951 90 140 321 165 22500 192x 10D 14476

Using this accurate positiop, Filliatre & Chiaty (2004) disbidden lines, pointed towards a sgB[e] companion star (Sge e
covered its optical counterpart and confirmed the NIR coubamers et gl| 1998; Zickgaf 1999, for definition and charac-
terpart proposed by Walter et|al. (2003) (2MASS J1631483eristics of these stars).

4849005). They also performed photometry and spectroscopy

in optical and NIR on 2003 February 23-25 at ESOT and Using 2MASS magnitudes, GLIMPSE (G335.6260-

showed that the source presented a significant NIR excess @8ad477) and MSX fluxes] Kaplan et|al. (2p06) fitted its

that it was strongly absorbed (A~ 17.4). The spectroscopy SED with a combination of a stellar black-body and a dust

revealed an unusual spectrum with a continuum very rich dG@mponent black-body and showed that presence of warm dust

strong emission lines, which, together with the presenderef around the system was necessary to explain the NIR and MIR
excess. From their fit, they derived/A- 185, Ty=1030K and
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Table 6. Ranges of parameters that give acceptable fits (90% conéjiémrceach
then the ranges themselved\y, AT., A%, ATq andARy.

ight by multi-wavelength observations 7

source. We give in the table their name and

Sources AAy AT, A %

ATy ARy

IGR J16195-4945 18 -158 13100- 25900

568x 10 - 6.68x 10X 950— 1460 39— 6.6

IGR J16207-5129 18- 106 25200- 36000

936x 1011 - 1.05% 10710

IGR J16318-4848 16 —17.4 19300- 24500

365x 1010 -384x 10719

960- 1260 88-118

IGR J16320-4751 38 - 355 22000- 35600

133x 1019 -1.69x 1010

IGR J16358-4726 11 - 181 19500- 36000

264x 1011 - 352x 10711

630- 1020 80-138

IGR J16418-4532 18- 147 10600- 36000

3B8x 1011 -544x 101!

IGR J16465-4507 B-6.1 15400- 33600

550x 1011 - 7.95%x 10711

IGR J16479-4514 18-188 26200- 36000

M8x 1011 -1.13x 1010

IGR J17252-3616 28-210 20500- 36000

717x 1011 -048x 101!

IGR J17391-3021 8-94 16100- 32200

178x 10°1°-263x 10°1°

IGR J17544-2619 6-6.2 26700- 35500

118x 10°10-138x 10°1°

IGR J19140-0951 157 —-16.7 13200- 28100

171x 1019 -253%x 1010

Lutovinov et a
pulsations (R 130
neutron star. Mor

. ) ] curve of IGR J186
— the first one on 2005 June 21 during 300s in PAH1 ang)gs September

PAH2 and 600s in Q2. Typical seeing and airmass Wegg; g 96 days orlj

Ry=10R..

We observed IGR J16318-4848 with VISIR twice:

.(2006) reported on the discovery of X-Ray
9s) which proved the compact object was a
bovdr, Corbet ef dl. (2004) obtained tytet li
320-4751 between 2004 December 21 and
17 with Swift and reported on the discovery
ital period. IGR J16320-4751 is then a X-ray

0’81 and 1.14. We detected the source in all bands aglary whose conpact object is a neutron star.

derived fluxes are 409:2.4 mJy, 322.43.3 mJy and
172.1+14.9 mJy in PAH1, PAH2 and Q2 respectively. Negueruela &
— the second one on 2006 June 30 during 600s in all bantggpart in the 2M
Typical seeing and airmass weré68 and 1.09. We de- consistent with 2
tected the source in all bands and derived fluxes dfided thatif it wa
426.2:3.0 mJy, 317.43.4 mJy and 180#715.3 mJy in absorbed.
PAH1, PAH2 and Q2 respectively. Optical and N

urce were carr
?QKCHAOT Itis sh
n QB supergiant
as it was not dete

Those observations show that IGR J16318-4848 is very bri
n the MIR (it is actually the brightest source is our sampl
and that its flux was constant within a year, considering RISI
systematic errors.

Using data from our last run as well as magnitudes given We searched
n Filliatre & Chaty (2004) in the optical and the NIR ancarchives and foun
fluxes from the GLIMPSE archives, we fitted its SED and best-

o _ R. _ 10

fitting parameters are =17, T.=22200K, D. =3.74x 10, We observed
T4=1100K, Ry=10R. and the reduceg? is 6.66. 20 in PAH1 and
The best-fitting parameters without the additional compbne1800s and 2400s
are Ay=17.9, 'I;=18200K,%=5.1>< 10 1%and the correspond-1.13. We detecte
ng reduced/? is 4298. 12.1+1.7 mJy and

We then confirm that the MIR excess is likely due to the pres- Using the ES(
ence of warm dust around the system, as already suggesteqiBy as the GLIMF

Filliatre & Chaty (2004) and reported [n Kaplan e} &I. (J006) best-fitting param

3.4. IGR J16320-4751

GR J16320-4751 was detected BINTEGRAL on 2003

FFebruary|(Tomsick et gl. 20D3) and corresponds to the AS
source AX J1631.9-475p. Rodriguez e} fl. (3003) reported o
servations wittiKMM-Newton. They gave an accurate localiza-  We therefore t
tion (3”) and fitted its high-energy spectrum with an absorbegant whose ensh

ment with an extrg
CHAO7.
8’ e best fit with
ucedy? of 8/4 an

SchurcH (2007) searched for its NIR coun-
ASS catalogue and found its position was
MASS J16320215-4752289. They also con-
s an B supergiant, it had to be extremely

\IR photometry and spectroscopy of this
ed out at EBO'T and results are reported
bwn that its NIR spectrum is consistent with
and that its intrinsic absorption is very high,
cted in any of the visible bands.

for its MIR counterpart in the GLIMPSE
d it was consistent with G336.3293.1689.

GR J16320-4751 with VISIR on 2005 June
PAH2 and respective exposure times were
. Typical seeing and airmass wé68 @nd

d it in both filters and respective fluxes are
6.81.8 mJy.

INTT NIR magnitudes given in CHAQ7 as
PSE and VISIR fluxes, we fitted its SED and

eters areyA35.4, T.=33000K, %:1.38 X

1071 and the rediiceg? is 7.76. This result is in good agree-

mely absorbe@Bsupergiant as reported in
he additional component gives a larger re-
Ty < 200K.

hink that IGR J16320-4751 is afBQuper-
rouding material marginally contribubest

power-law. They derivell ~ 1.6 and Ny ~ 2.1 x 10%cm 2.

MIR emission, even if its intrinsic absorption is extremieigh.
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3.5. IGR J16358-4726 %:3.77>< 101 and the reduceg? is 1.44.

IGR J16358-4726 was detected WitNTEGRAL on 2003 The best fit with the additional component gives a larger re-
March 19 [Revnivisev_et h[. 2003) and first observed wifficedy® of3.92and Ty < 200K. -
Chandra on 2003 March 2404)_ They gave its Uncertainties on the data are high and this is the reason why
position with a 06 accuracy and fitted its high-energy Spedr_educed»(2 are onv. Nevertheless, parameters of_ the fl_t as well
trum with an absorbed power-law. They deriied- 0.5 and 2S the 90%-confidence ranges of parameters listed in Table 6
Ny ~ 3.3 x 10%%cm 2. They also found a 588@0s modula- '€ consistent with an/B massive star nature. The temperature
tion, which could be either a neutron star pulsation or an i the additional component being insignificant, we conelud
bital modulation. Neverthelesf, Patel e} &. (2006) pentat this source is an.ﬁB massive star whpsg enshrouding material
detailed spectral and timing analysis of this source usinjim Marginally contributes to its MIR emission.
satellite archival observations and identified a 94s spin up
which points to a neutron star origin. Assuming this spin Up 7 |GR J16465-4507
was due to accretion, they estimated the source magnetc fiel
was between 1§ and 16° G which could support a magnetalGR J16465-4507 is a transient source discovered with
nature of IGR J16358-4726. INTEGRAL on 2004 September 6-7 (Lutovinov et al. 2004).
Kouveliotou et al. [[2033) proposed 2MASS J1635536&bservations were carried out on 2004 September 14 with
4725398 as the possible NIR counterpart and NIR spetMM-Newton and [Zurita Heras & Waltpr[(20p4) reported
troscopy and photometry of this counterpart were perforated® Position with a 4accuracy, allowing to identify a NIR
ESQNTT and are reported in CHAO7. They show that its spegounterpart in the 2MASS catalogue (2MASS J16463526-
trum is consistent with a B supergiant belonging to the sari807045USNO-B1.0 0448-00520455). Using the ESIT,
family as IGR J16318-4848, the so-called B[e] supergiants. Negueruela et 3.[(20p5) performed intermediate resaiutio
We also found its MIR counterpart in the GLIMPSESPectroscopy of the source, estimated the spectral type was
archives (G337.0994-00.0062). a B0.5I and proposed it to be a SFXT. UsiXyIM-Newton

and INTEGRAL, Walter et a). [2006) found a pulse period of

We observed IGR J16358-4726 with VISIR on 2006 Jurf® 755 and derived i ~ 6 x 107cm™2. We found its MIR
29 but did not detect it in any filter. Using NIR magnitude§ounterpart in the GLIMPSE archives (G340.0$86.1350)

given in CHAO7 and GLIMPSE fluxes, we fitted its SED an§Sing the 2MASS position.

o R.
best-fitt t A17.6, T.=24500K,R-=3.16 . .
est-iitling parameters arev. D. % We observed IGR J16465-4507 with VISIR twice:

107, T4=810K, Ry=10.1R and the reduceg? is 3.62.

The best-fitting parameters without the additional compone — the first one on 2005 June 20 during 600s in PAH1. Typical
are Ay=16.7, 'I;=9800K,%=6.05>< 10 and the correspond-  seeing and airmass weré81 and 1.14. We detected the
ing reduced? is 8.84. ’ source and derived flux is 8:2.8 mJy._ _

the second one on 2006 June 30 during 1200s in PAH1 and
PAH2. Typical seeing and airmass wet®8 and 1.09. We
detected the source in PAH1 but not in PAH2. Derived flux

i$6.9£1.1 mJy.

The additional component is then necessary to correctly fit
the SED as this source exhibits a MIR excess (see Fig 4). Even
if we lack MIR data above 5.8m, we think this excess is real
and is due to warm dust as it is consistent with the source to be

a sgB[e] as reported in CHAQT. These observations show that IGR J16465-4507 MIR flux was
constant within a year.
3.6. IGR J16418-4532 Using USNO-B1.0, 2MASS and GLIMPSE flux values as

_ well as our VISIR data, we fitted its SED and best-fitting pa-
IGR J16418-4532 was discovered witNTEGRAL on 2003

February 1-5|(Tomsick et gl. 2004). Usinl§TEGRAL obser- rameters are $=5.9, TFZSOOOK’%:GAX 10" and the re-
vations[Squera et B[. (2406) reported a SFXT behaviourisf tducedy? is 13.97.

source and a peak-flux 6f80 mCrab (20-30 keV). Moreover, The best fit with the additional components gives a larger re-
using XMM-Newton and INTEGRAL observations, Walter ducedy? of 205 and Ty < 200K.

et al. (200p) reported a pulse period of 12460s and derived ~ We then conclude that no additional component is nec-
Ny ~ 10%cm 2. They also proposed 2MASS J16415078sssary to explain the MIR emission of this source, and the
4532253 as its likely NIR counterpart. NIR photometry ofthiparameters derived from our fit are in good agreement with
counterpart was performed at EBOT and is reported in IGR J16465-4507 to be a B0.5 as reporteflin Negueruel4 et al.

CHAOQ7. We also found the MIR counterpart in the GLIMPS)-
archives (G339.188904889).

We observed IGR J16418-4532 with VISIR on 2006 Jun?é'g' IGR J16479-4514

29 but did not detect it in any filter. Using NIR magnitudetGR J16479-4514 was discovered witNTEGRAL on 2003
given in CHAQ7 as well as GLIMPSE fluxes, we fitted itsAugust 8-9 (Molkov et gl. 2003). Sguera e} l. (2005) suggpkst
SED and best-fitting parameters arg=44.5, T.=32800K, itwas a fast transient after they detected recurrent ostband
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guera et al[ (2006) reported a peak-flux-df20 mCrab (20- ters are A=20.8, 'I;=32600K,%=7.57>< 10 and reduced
60 keV).[Walter et gI.[(2006) observed it wi¥MM-Newton V2is 3.85. :
and gave its position vvgh a“accuracy. Moreover, they de-tpo pegy it with the additional component gives a larger re-
rived Ny ~ 7.7 x 10??cm™2 from their observations. They alsoduced)(z of 6.93and Ty < 200K
proposed 2MASS J16415078-45322885N0O-B1.0 0447- ' d '

0531332 as its likely NIR counterpart. NIR spectroscopy arngD and our result is consistent with IGR J17252-3616 to be

photometry of th's_' counterpart were performed 6_“ i) an obscured @ supergiant in good agreement with CHAO7.
and are reported in CHAO7 and it is shown that its spectrum

is consistent with an B supergiant. We also found the MIR
counterpart in the GLIMPSE archive (G339.188®4889).  3.10. IGR J17391-3021

IGR J17391-3021 is a transient source discovered with

We observed IGR J16479-4514 with VISIR on 2006 JUNRreGRAL on 2003 August 26[(Sunyaev et| al. 2p03) and
29 in PAH1 and PAH2 and exposure time was 1200s in ea@@rresponds to theRoss X-ray Timing Explorer (RXTE)
filter. Typ|cal Seeing and airmass yver’é90and 1.14. We de- source XTE J1739-309. Squera e} &l. (2005) analyzed aitchiva
tected it in both filters and respective fluxes are 0.2 mJy INTEGRAL data and classified the source as a Fast X-ray

and 7.6:1.6 mJy. Using the NIR magnitude given in CHAO?transient presenting a typical neutron star spectrum. IiSmit

as well as GLIMPSE and VISIR fluxes, we fitted its SED an o
bestfitting parameters are/AL8.5. T —32800K R:—1.00x & al. {-2005) c_)bserve_q it wnﬁhandra on 2003 October 15 and
gp ev 2l 'D. "™ gave its precise position with & dccuracy. They also gave its

We then do not need any additional component to fit the

10710 and reduceg? is 7.46. opticayNIR counterpart 2MASS J17391155-302038(6BNO
The best fit with the additional component gives a larger rB1.0 0596-0585865 and classified IGR J17391-3021 as a
ducedy? of 9/4 and Ty < 200K, SFXT.|Negueruela et al| (2006a) performed optNER pho-

We then do not need any additional component to fit themetry and spectroscopy of the companion using BE0
SED and our result is then consistent with IGR J16479-45aad found it was a O8lab(f) star whose distance waskpc.
to be an obscured /B supergiant in good agreement witiCHAQO7 also report on optical and NIR spectroscopy and
CHAO7. photometry of the companion carried out at EROT and
confirm the nature of the companion. Using the 2MASS
position, we searched for its MIR counterpart in the GLIMPSE
3.9. IGR J17252-3616 catalogue and as for IGR J17252-3616, we had to reduce

IGR J17252-3616 is a heavily-absorbed persistent sousse ®OSt-BCD data and derive fluxes directly from the images.
covered withI NTEGRAL on 2004 February 9 and reported irf luxes are listed in Table 3.

Walter et al. (2004). It was observed wi¥MM-Newton on _

2004 March 21 an{l Zurita Heras et 4. (2P06) gave its posi- Ve observed IGR J17391-3021 with VISIR on 2005 June
tion with a 4’accuracy. Using th&MM-Newton observations 20 in PAH1 and PAH2 and exposure time was 600s in each
as well as those carried out WiltNTEGRAL, they showed filter. Typical seeing and airmass wergs3 and 1.13. We de-

the source was a binary X-ray pulsar with a spin period &icted it in both filters and derived fluxes are Z1% mJy
~413.7s and an orbital period of 9.72 days and derived and 46.52.6 mJy. Using optical and NIR magnitudes given
Ny ~ 15x 10%%cm2. Moreover, they fitted its high-energy" CHAO07 as well as GLIMPSE and VISIR fluxes, we fitted
spectrum with either an absorbed compton<ET5 keV and IS SED and best-fitting parameters arg=9.2, T.=31400K,
7 ~ 7.8) or a flat power lawI{ ~ 0.02). p-=18x 10 '%and reduceg? is 11.710.

In their paper, they proposed 2MASS J17251139-361657Be best fit with the additional component gives a larger re-
to be its likely NIR counterpart as d[d Negueruela & Schlratucedy? of 15.38 and Tg < 200K.
). NIR spectroscopy and photometry of this countérpar We then do not need any additional component to fit the
were performed at ESQTT and are reported in CHAO7 SED and the parameters derived from our fit are in good agree-
and it is shown that its spectrum is consistent with g8 O ment with IGR J17391-3021 to be an O8lab(f) supergiant star,
supergiant. Using the 2MASS position, we searched for s initially reported iff Negueruela efl dl. (2006a).
MIR counterpart in the GLIMPSE catalogue. Unfortunately,
we did not find its IRAC fluxes in the database. Nevertheless,
we found post-Basic Calibrated Data (post-BCD) images ngll' IGR J17544-2619
the source in all filters. We then reduced those data and ¢8R J17544-2619 is a transient source discovered with
rived fluxes directly from the images. They are listed in €&l |INTEGRAL on 2003 September 17 (Sunyaev e} [al. 2003).

[Gonzalez-Riestra et fll (2004) observed it wiiidM-Newton

We observed IGR J17252-3616 with VISIR on 2006 Jurend derived By ~ 2 x 10?cm ™ They also confirmed
30 in PAH1 and PAH2 and exposure time was 1200s in eaitte association of the companion with 2MASS J17542527-
filter. Typical seeing and airmass wert9@ and 1.09. We de- 2619526USNO-B1.0 0636-0620933, as proposed in
tected it in PAH1 and derived flux is 6:D.6 mJy. Using the Rodriguep [(2003)] in’'t Zand| (20DP5) reported about obser-
NIR magnitudes given in CHAO7 as well as the GLIMPSRKations performed withChandra, gave its position with a
and VISIR fluxes, we fitted its SED and best-fitting paramé6 accuracy, |y ~ 1.36x10?cm™2 and showed that its
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high-energy spectrum was typical of an accreting neutran st 10.2%19.2"
Moreover, they identified the counterpart as a blue supetgia
Bguera et 3I.6) reported a peak-flux~0240 mCrab.
Using ESQNTT, Pellizza et gl.[(2006) performed optiddIR
spectroscopy and photometry of the companion and gave its
spectral type to be O9Ib at 2.1-4.2 kpc. Using the 2MASS
position, we searched for its MIR counterpart in the GLIMPSE
catalogue and as for IGR J17252-3616 and IGR J17391-3021,
we had to reduce post-BCD data and derived fluxes directly
from the images. Fluxes are listed in Table 3.

We observed IGR J17544-2619 with VISIR on 2005 June
20 in PAH1 and PAH2 and exposure time was 600s in PAHg. 2. VISIR image of IGR J191460951 in PAH1 (8.59m).
and 1200s in PAH2. Typical seeing and airmass weéi@0 19/2x19'2 field of view and 0075 plate scale. We clearly
and 1.13. We detected it in both filters and derived flux@ge the two sources which were blended with MSX. The MIR
are 46.12.8 mJy and 2022.1 mJy. Using magnitudes fromcounterpart of IGR J1914®951 is the northern source.
Pellizza et 4.[(2006), GLIMPSE and VISIR fluxes, we fitted
its SED and best-fitting parameters arg=.1, T,=31000K,

%:1.27>< 1071% and reduceg? is 6.1/8.

19.1+1.4 mJy. We point out that the object given as the MSX

. e o ) counterpart of IGR J1914®951 in|in't Zand et gl.|(2006)
The begt fit with the additional component gives a larger rgs 5 plended source. Indeed, VISIR images, whose resolution
ducedy” of 9/6 and Ty < 200K. is far better, clearly show there are two sources in the field,

We then do not need any additional component to fit thgRr J19140-0951 and a very bright southern source (see Fig
SED and the parameters derived from our fit are in good agres-

ment with IGR J17544-2619 to be an O9lb supergiant star, as ysing magnitudes given in CHAO7 as well as fluxes from

initially reported in[Pellizza et #I[ (20D6). GLIMPSE and our observations with VISIR, we fitted its
SED and best-fitting parameters arg=A6.5, T.=22500K,
3.12. IGR J19140+0951 %=1.92>< 101 and reduceg? is 14.46.

_ _ ) The best fit with the additional component gives a larger re-
IGR J19140-0951 is a persistent source that was dlscoveregcedX2 0f 20.24 and Ty < 200K,

With INTEGRAL on 2003 March 6-7 [(Hannikainen _etlal. We do not need any additional component to fit the SED
p003). Observations carried out wRKTE allowed to derived ;4 the parameters derived from our fit are in good agreement

1".~ _1'6 and N" ~ 6 10%%cm 2 (Swank & Markwgrdl 2043). with IGR J1914@-0951 to be an B1l supergiant star, as initially
Timing analysis of theRXTE data showed a period of 13'55refported ifNespoli et AI[ (20D7).

days [Corbet et ﬂ 2094) which shows the binary nature o
the source| Rodriguez etlal (2005), after a comprehensive
analysis ofINTEGRAL and RXTE data, showed the source4. Discussion
was spending most of its time in a faint state but reportet hi
variations of luminosity and absorption column density (u
to ~ 10%cm2). They also found evidence that the compa@ll SEDs were best-fitted without any dust component (even
object was a neutron star rather than a black hole. Usitig very absorbed one like IGR J16320-4751) except three of
Chandra observations carried out 2004 May {1, in't Zand ét ailhem (IGR J16195-4945, IGR J16318-4848 and IGR J16358-
({©004) gave its position with a’6 accuracy. This allowed 4726, see Fig. 3) which exhibit a MIR excess likely due to the
them to find its NIR counterpart in the 2MASS Cata|Ogupresence of dust in their stellar wind.
(2MASS J191404220952577). Moreover, they searched for Blue supergiants are known to exhibit a very strong but
its MIR counterpart in the Mid-course Space ExperimeBparse stellar wind of high velocity~{000-2000 kms').
(MSX Mill] {994) and found an object at 8,8m. NIR pho- This was explained through the so-called radiation lirieedr
tometry and spectroscopy of this source were performed@AK model (Castor, Abbott, & Kle]l 1975) in which the
ESONTT and results are reported in CHAQ7. It is shown thaiind is driven by absorption in spectral lines. Hot starstemi
its spectrum is_consistent with ary®massive star, in good most of their radiation in the ultraviolet (UV) where their
agreement with Nespoli etfa]. (2007) who showed it was a Bdimosphere have many absorption lines. Photons coming from
supergiant. Using the 2MASS position, we also found its Mihe photosphere of the star with the same wavelength are
counterpart in the GLIMPSE archive (G044.2963-00.4688). absorbed and re-emitted to the expanding medium in a random
direction with almost the same momentum, which results
We observed IGR J19140951 with VISIR on 2006 June in acceleration of the wind. This process is veijeetive
30 in PAH1 and PAH2 and exposure time was 1200s in eadobcause the line spectrum of the scattering ions in the wind
filter. Typical seeing and airmass weré&l? and 1.17. We de- is Doppler-shifted compared to the stellar rest-frame.tBe,
tected it in both filters and derived fluxes are 35124 mJy and scattering atoms are shifted with respect to their neighdau

.1. B vs Ble] supergiants stellar winds
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Fig. 3. Optical to MIR absorbed (line) and unabsorbed (dotted{BEDs of 12INTEGRAL sources, including broadband photometric data
from ESQNTT, 2MASS, GLIMPSE and VISIR.

lower velocities and can interact with an dieezted part of the emission. A sgB[e] is defined by the B[e] phenomenon plus
stellar spectrum. the indication of mass loss in the optical spectrum (P-cygni
profiles) as well as an hybrid spectrum characterized by the
~simultaneous presence of narrow low-excitation lines and
IGR J16318-4848 was proved to belong to a particulgfqoaq apsorption features of high-excitation lines. Thyisrid
class of B1 supergiants, the B[e] supergiants or sgB[glire was empirically explained by the simultaneous prese
(Filliatre & Chaty [200%). A physical definition of Ble] starspt 5 normal supergiant hot polar wind (fast and sparse) and
can be found in Lamers eFl"’_‘" (1998). We will just remindsshonsible for the broad lines and a cool equatorial ouifigw
here two of the characteristics: the presence of forbiddgRy_jike wind (slow and dense) responsible for the narrow

emission lines of [Fe] and [O1] in the NIR spectrum and the |jnes IShore & Sanduledk 198p; Zickgraf ef Bl 1985; Shore

presence of a strong MIR excess due to hot circumstellar dugty ). This empirical model received some confirnmatio
which re-emits the absorbed stellar radiation through-free
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Fig. 4. Optical to MIR SEDs of IGR J16195-4945, IGR J16318-4848 4R 016358-4726 in the NIR and the MIR. We show
their SEDs including the contribution of the star and thet diirse), the star only (dashed-line) and the dust only (@btine).

from polarimetry (Oudmaijer & Drefvv 1999). essary to allow the supergiant star to reach its criticabaig}
(see e.g[ OwodKi 2006). In the particular case of a sgB[e] sta
There are a few models to explain the creation of thig an X-ray binary system, the spin-up should occur durireg th
outflowing disk and all of them consider the star rotationéo ksupergiant phase of the companion, which indicatesfarent
an important parameter in the process. In this paper, we v@lolutionary stage from other HMXBs.
only present the most consistent of them, the Rotation laduc  This disk itself cannot explain the strong MIR excess the
Bi-stability mechanism (RIB), but a review can be found isgB[e] stars exhibit. Nevertheless, Bjorkman & Cass|nelli
Kraus & MiroshnichenKo[(2006). (L993) showed the existence of a zone in the disk (about 50-60
stellar radii from the star) in which the temperature is belo
The lines responsible for the creation of the wind are depghe temperature of sublimation of the dust (about 1500K) and
dent on the ionization structure, and a change in this stractdensity high enough to allow for its creation.
leads to a change of the radiative flux. This is the bi-stibili
jump, found by Lamers & Pauldrdch (1991), which appears for IGR J16318-4848 is the source in our sample that exhibits
B stars with éfective temperatures of about 23000k. Above thitie strongest MIR excess and we believe it is due to the sgB[e]
temperature, the wind tends to be fast and sparse. Below, mt@agure of its companion star. Indeed, many other strongly ab
mass loss rate if five times larger and the terminal velowity t sorbed sources in our sample do not present any MIR excess.
times slower which leads to a wind ten times denser. Moreover, IGR J16358-4726, the second source in our sam-
Cassinelli & Ignace[(1997) proposed that the sarfiece ple that exhibits a MIR excess and whose SED needs an addi-
was important from polar to equatorial regions for rapidly r tional component to be properly fitted, was suggested to be a
tating B stars. Indeed, the rapid rotation leads to polatien- sgBle] as its spectrum has all the characteristic features-o
ing which increases the poles temperature to the hot sideeof pergiant stars plus the [mgfeature (CHAO07). Our fit is there-
jump. At the same time, the rotation leading to gravity dariere in good agreement with their result and the only other
ening, the equatorial region may be on the cool side of tlseurce of our sample that surely exhibits a MIR excess is in-
jump. Consequently, the wind in the equatorial region issgen deed a sgB[e] star.
than the wind in the polar region. Nevertheldss, Pelupdssly e In the case of IGR J16195-4945, we are more cautious
(2000) showed that the rotational velocity of the star siid@ concerning the presence of warm dust which could be respon-
very close to its critical value to allow the equatorial wittd sible for a MIR excess as we lack data aboven8. Indeed,
reach the density necessary to create the disk. Howeveat-supig 4. shows that these source could exhibit a MIR excess but
giant stars cannot be close to critical rotational velos#gause much lower than the two others. Nevertheless, if this excess
of likely disruption. Additional mechanisms are therefoee- was to be confirmed, we believe it would be also due to the
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Table 7. Summary of spectral types (SpT) and distanceg (DB galactic supergiants respectively, given the unceitsnf

we derived from our fits for confirmed supergiant stars in ombservational results~(2000K) and uncertainties on the fits
sample. () are sources with an accurate spectral type foundtemperatures as given in Table 6. We therefore derived that
the literature, {) are confirmed supergiant stars whose tempdGR J16320-4751 could be an 081 and IGR J16479-4514 and
ature derived from our fits was used to assess their accul@® J17252-3616 could be 08.5I stars.

spectral type using the/B supergiant classifications given in

Martins et a]. [[2035) arfd Crowther ef 4. (2p06). Referemces  Concerning the last three sources whose spectral class is
the determination of the spectral type gordspectral class of unknown, results of the fits listed in tables 5 and 6 show that
these sources are found in Table 1. they likely are all @B massive stars and we also used their
derived temperatures to assess their spectral type useng th
classification given in both papers quoted above. IGR J16195

Sources SpT__Okpe) 4945 could be a B1 star, and as already stressed above,dt coul
IGR 316318'4842 sgBle] ~16 be sgB[e] due to its MIR excess, and IGR J16207-5129 and
IGR J16320-4751 O81 ~ 35 IGR J16418-4532 could be 07.5-08.5 stars. Nevertheless,

IGR J16358-4726 sgB[e] ~ 185
IGR J16465-4507 B0.5I ~ 9.4
IGR J16479-4514 0851 ~ 49
IGR J17252-3616 08.51 ~ 6.1

even if the high intrinsic X-ray absorption of their assoeth
compact objects points out towards a supergiant nature as it
means the accretion is likely wind-fed, the fits themselves
IGRJ173913021 08l <27 do not aIIo_w an assessment of_thelr spt_actral classes. We will
IGRJ175442610 091 <36 then consider they could be either main sequence, giant or

IGR J19140095T B1l ~31 supergiant stars.

Martins & Plez [2006) give a UBVJHK synthetic photom-
Table 8. Summary of distances (Pwe derived from our fits etry of galactic OI, Olll and OV stars, with which one can get
for sources with unconfirmed spectral classes. We give in i expected unabsorbed absolute magnitude in J b;jufdrM
table their spectral types as derived from our fits and their &gy having a given spectral classification. Using the riesb
pected distances depending on their possible spectrakslas gpparent magnitudes;rof our sources and the J band absorp-

tion we derived from our fits, A = 0.289x Ay, it is then
Sources SpT okpc) possible to assess the distance of O stars in our sample using
v | the standard relation:
IGR J16195-4945 B1~31 ~5.7 ~98 _ a02(mi —A - M +5)
IGR J16207-5129 075 18 ~ 2.8 ~ 4.1 D. = 107 A n pc
IGR J16418-4532 O8.5-4.9 ~83 ~13 We did not find any synthetic photometry for B supergiants.

Nevertheless, expected radii of galactic Bl, Blll and BVrsta

are given iff Vacca et [ (1996) and we divided these values by

sgB[e] nature of the companion. the % ratio derived from our fits to get the star distance.
Derived distances for the sources whose spectral class is

Finally, we would like to stress out the fact that in &nown are listed in Table 7, in Table 8 for the others.
sgB[e] star, the dust being mostly located in an equatorial
disk, the simple model we used to fit the SEDs cannot repro- .
duce the complex distribution of the dust around these stafs3- X-ray properties
Nevertheless, it allows the detection of a warm MIR excegs dExcept in the case of IGR J17544-2619, X-ray absorptions are
to the presence of dust in the stellar winds. systematically significantly larger than the visible alpsions.

Atlast, concerning all the stars in our sample, we cannot eghis indicates the presence in the system of a two components
clude the presence of a cold component - responsible far thghsorbing material: one around the companion star, respons
intrinsic absorption - which we cannot detect due to the tck ple for the visible absorption, and a very dense one around th
data above 2pm. compact object coming from the stellar winds that accrete on
the compact object and responsible for the huge X-ray absorp
tion those sources exhibit.

The obscuration of the compact object by the stellar wind is
Among our sample, six sources are supergiant stars witldze to the photoelectric absorption of the X-ray emissiothiby
known spectral type - IGR J16318-4848 and IGR J16358-47&thd, and this absorption varies along the orbit of the corhpa
are sgBJ[e], IGR J16465-4507 is a B0.5l, IGR J17391-302bject. This orbital dependence was for instance obsemédd a
is an 08lab(f), IGR J17544-2619 is an O9lb and IGRodelled on 4U 1700-37 (Haberl, White, & Kallmgn 1p89).
J19146-0951 is a B1l - and three are found to bgBO Moreover, an ffect on the X-ray absorption due to the
supergiants whose temperatures derived from our fits alfow photoionization of the stellar wind in the vicinity of the
assessment of the spectral types using the classificati@m gicompact object by its X-ray emission was predicted (Hatchet
in Martins et a]. [20d5) anfi Crowther ef dI. (2P06) for O an@l McCray [197F). Indeed, in SGXBs, the compact object

4.2. Spectral type and distance
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Table 9. Summary of parameters we used to fit the SEDs 8EDs and it then seems that theffelience of behaviour
the isolated supergiants. We give in the table their nangd; thbetween both kinds of SGXBs depends only on the geometry
galactic coordinates, their spectral types, the intdestektinc- of the system, i.e. its orbital distance or its orbit ecdeityr

tion in magnitudes Aand then the parameters themselves: tif€haty & Rahoy[20Q47).

extinction in the optical &, the temperature,Tand the% ra-
tio of the star. ' Nevertheless, in order to assess a possitéetof the com-
pact object on the companion star, we took a sample of eight
isolated @B supergiants in the direction of the Galactic Center
= and fitted their optical to NIR wavelengths SEDs with an ab-
Sources | b SpT A Av T.(K) D sorbed stellar black-body. Best-fitting parameters atedign
HD 144969 33318 20 BO.5la 334 39 26000 401x10'  Taple 9. Distances of these supergiants are known, and this
HD 148422 32%2 -56 B0.5Ib 075 09 24700 8/6x 10  gllowed to calculate the accurate HI column density out to
HD 149038 3388 251 Blla 081 1 24000 80x10'  tnejr position using the tool available on the MAST website

0 -
HD 151804 3432 194 Oslaf 083 13 32000 £20x10™  (Eriscione et af 19b4).
HD 152234 34316 122 BO0.5la 117 15 25100 494 x 10°1° . I
AD 152235 34381 11 Blla 337 39 24500 113x10° We see that their visible absorption is of the same order of

HD 152249 34385 116 O91b 134 17 30100 B9x 100 Mmagnitude as the interstellar HI absorption and well belvsy t
HAD 156201 35561 149 BO.5la 268 29 26500 20x10© level of absorption of our sources. This could mean that some
supergiant stars in SGXBs exhibit an excess of absorptien du
to a local absorbing component. Unfortunately, the totidrin
stellar absorption out to the distance of our sources is ovvkn
moves through the stellar wind of the companion star, and thed we cannot compare their visible absorptions deriven fro
X-rays are responsible for the enhancement or the deplet@i fits to the total interstellar absorption out to theirifios.

of the ionized atoms responsible for the acceleration of the Nevertheless, if this was the case, we think that this ex-

wind (e.g. Gy and Ny). This has a direct consequence oBess of absorption could also be partly due to the photoion-
the velocity profile of the wind; when the wind enters into afyation of the wind in the vicinity of the companion star by
ionized zone, it follows a standard CAK law until it reachege high-energy emission of the compact object, as thisavoul
a location in which it is sfiiciently ionized that no further make their winds slower than in isolated supergiant stanseS
radiative driving takes place and the wind velocity is "e0Z  the wind velocity is smaller, the medium is denser and siétab
to a constant value from this pOint. This results into a |OW% create a more absorbing material.

wind velocity close to the compact object and consequently a

higher wind density which leads to a higher obscuration ef th In_de_ed, inthe case of pe_rS|stent Sources V\."th very close and
. quasi-circular orbits, we think that this possiblgeet could
compact object.

be particularly strong as the wind around the companion star

uld be permanently photoionized and would have lower ve-

e w
. MosF of the sources sj[ud|ed in this work are very apsorbfdgc)ities than in isolated supergiants. This could be theegan
in the high-energy domain. Nevertheless, this absorptiag Mscheme of obscured SGXBs

not be always that high. Indeed, in the case of very wide ec- i i ,
centric orbits, their column density could normally vargrag On the other hand, in the case of very wide and eccentric

their orbit and suddenly increase when very close to the coRfPits, the compact object would be most of the time far from

panion star because of the wind ionization. On the contifary!N€ s€condary and its X-ray emission would not photoiorfiee t

these objects were to be always very absorbed, it could m&4Rd close to the companion star, which would not exhibit any
that their orbit is very close to the companion star and weak{iSible absorption excess until the compact object geterlos
eccentric. If this &ect were to be observed, we think it could NiS could be the general scheme of SFXTs.

explain the diference of behaviour between obscured SGXBs At last, in both cases, it would be possible to observe a
(close quasi-circular orbits) and SFXTs (wide eccentritej. variation of the P-Cygni profiles of the companion star (i.e.
a variation of the wind velocity) with the phase angle of the
compact object along its orbit.

4.4. Optical properties

We were able to fit all the sources but three with a simple stel- As a possible confirmation of this general behaviour, we
lar black-body model. Concerning these three sources, we pgint out that the visible absorptions derived from our fits
plained that the MIR excess was likely due to the presencefof the companion stars of the only sources in our sample
warm dust created within the stellar wind due to the sgB[e] nthat surely exhibit the SFXT behaviour (IGR J16465-4945,
ture of the companions. Therefore, it seems that the ogticalGR J17391-3021 and IGR J17544-2619) are far smaller than
MIR wavelengths emission of these SGXBs corresponds to tihe visible absorptions of the others. Moreover, conceyoin
emission of absorbed blue supergiants or sgBJ[e]. scured SGXBs, the wind velocity of IGR J16318-4848 was

Moreover, the results of the fits listed in the Table 5 shofeund to be~410 knys (Filliatre & Chaty[2004), far smaller
that it is a priori not possible to dierentiate an obscuredthan the expected wind velocity for/B supergiants+1000-
SGXB and a SFXT from their optical to MIR wavelength£000 krjs).
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5. Conclusions Observatory, Chile (through programmes ID. 075.D-0773@#D-

) ) 0721). This research has made use of NASA's Astrophysics Dat
In this paper, we presented results of observations pefdah system, of the SIMBAD and VizieR databases operated at CDS,
ESQVLT with VISIR which aimed at studying the MIR emis- strasbourg, France, of products from the US Naval Obsenvatia-
sion of twelvel NTEGRAL obscured HMXBs, whose compandogues, of products from the Two Micron All Sky Survey, whiish
ions are confirmed or candidate supergiants. Moreovergusijoint project of the University of Massachusetts and theahed
the observations performed at ESOT and reported in the Processing and Analysis Cenfealifornia Institute of Technology,
companion paper (CHAO07), previous optiddR observations funded by the National Aeronautics and Space Administnaitd the
found in the literature and archival data from USNO, 2MAS§ationaI Science Foundation as well as products from thecHal
and GLIMPSE, we fitted the broad-band SEDs of these sour&ggacy Infrared Mid-Plane Survey Extraordinaire, whicta Spitzer
using a simple two-components black-body model in order ece Telescope Legacy Science Program.
obtain their visible absorptions and temperatures andgesss
the contribution of their enshrouding material in their esion. References
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