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Abstract. INTEGRALregularly scans the Galactic plane to search for new objects and in particular for absorbed sources with
the bulk of their emission above @0 keV. The first neWNTEGRALsource was discovered on 2003 January 29, fidn

the Galactic plane and was further observed in the X-rays MiM-Newton This source, IGR J16318848, is intrinsically
strongly absorbed by cold matter and displays exceptionally strong fluorescence emission lines. The likelyopficakd
counterpart indicates that IGR J1634B48 is probably a High Mass X-Ray Binary neutron star or black hole enshrouded in a
Compton thick environment. Strongly absorbed sources, not detected in previous surveys, could contribute significantly to the
Galactic hard X-ray background between 10 and 200 keV.
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1. Introduction on 2003 January 29 (Courvoisier et al. 2003a) and was re
larly observed for two months. Figure 1 shows the-46 keV

X-ray binaries (where the compact object is a neutron star I%’GRlsky image around the source with an accumulation ti

black hole) can become strong hard X-rays emitters when A%°508 ksec. The position of the source (RA 16'318"
cretion takes place. Among the300 known X-ray binaries in and Dec= —48°48) was determined with an accuracy df 2

our Galaxy and the Magellanic clouds, a few systems Sh?@RJ163184848 is detected up to 80 keV with a mes

strong intrinsic photo-electric absorption: GX 301-2 (Swango_50 keV flux of 6x 10-11 er 2 el Qimmifi

. L g cnT< s Significant £507)
etal. 1976), Vela X-1 (Haberl &_Wh'te 1990), CI Cam (Bo'r'qntensity variations occur on time scales as short as 1000 s.
et al. 2002). Moderate absorption was also detected in a few

X-ray bursters (Natalucci et al. 2000). We report here on the We selected 70 pointings of tiBITEGRALcore program
discovery of IGR J1631:84848, a Compton thick X-ray binary between revolution 36 and 50 in which IGR J1634848 was
in which the X-ray obscuring matter has a column density Bxcated at less than°Srom the center of the field of view.
large as the inverse of the Thomson cross section. Since IGR J1631:84848 is often below the detection level, fui
ther selection was applied on the luminosity of the sour

) ) ] We selected pointings where the source was detected by

2. High energy observations and data analysis IBIS analysis software (Goldwurm et al. 2003) and out of the

IGR J163184848 was discovered using thSTEGRALim- ©ONly 8 pointings (from 2003 March 3 to 2003 March 14) fc
ager IBISISGRI (Ubertini et al. 2003; Lebrun et al. 2003)Which we were able to produce spectra offisient quality.
This resulted in a 17.5 ksec average spectrum that is disple

Send gprint requests toR. Walter, in Fig. 2. The currentSGRI energy correction and respons
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Fig. 1. INTEGRAL ISGRL5-40 keV sky image of the Norma region in Galactic coordinates. This image accumulates 508 REEEGRAL
core program data. The red circle indicates IGR J1638&8.

ISGRIancillary response that was modified to obtain a goahd 21 ksec foPN. Source events were subsequently extracted
fit to the spectrum of the Crab Nebula. TH&GRIspectrum from a 25’ radius circle centered on the source. A second circle
of IGRJ163184848 could be represented by a power lawith the same radius was fixed on a comparable region on the
with a photon indexI" = 2.7‘:3:; and a fluxFoo_100kev = detector to serve as background. Standard SAS tools were usec
16x10%ergcnr? s, to calculate the instrumental response and ffecéve area for

IGRJ163184848 was observed for 28 ksec byhe extracted spectra.
XMM-Newtoron 2003 February 10. A single X-ray source was The simultaneous fit of thEPIC PNandMOS2andISGRI
found within thelNTEGRALuncertainty circle in th&PIC PN spectra of IGRJ163181848 using an absorbed power-law
andMOScameras (Strder et al. 2001; Turner et al. 2001) at @ontinuum, free Fe abundance and three Gaussian emission line
position of RA = 16"31M48.6° and Dec= —484900” with model (model 1) resulted in a reducgtiof 1.04 for 322 de-
a 4’ uncertainty (Schartel et al. 2003). The X-ray spectrugrees of freedom (d.o.f.). A normalization const@picr, was
was immediately recognized as exceptional featuring stroimgroduced in the model and was left as a free parameter in the
photo-electric absorption, the associated Fe absorption efigén order to account for cross calibration uncertainties and
at 7.1 keV and fluorescence line emission of mostly neutrtiie non simultaneity of thESGRIandEPIC observations. The
Fe Ka (6.4 keV), Fe K38 (7.1 keV) and Ni K (7.5 keV). The best fit parameters, listed in Table 1 are compatible with those
XMM-Newtonspectrum of IGR J163181848, presented by of Matt & Guainazzi (2003). The powerlaw flux in Table 1 is
Matt & Guainazzi (2003) is significantly flatter than tt®GRI corrected for the fects of photoelectric absorption but not for
spectrum. the dfects of Compton scattering. The line fluxes are observed

All spectral uncertainties are given at 90% confidendi!xes, not corrected for any absorptiafeet.
for a single interesting parameter, unless indicated other- Examination of the residuals of model 1 shows that the
wise. The abundances of Anders & Grevesse (1989) and #pectral model is systematically flatter than t8&RIspec-
photo-electric cross section of Verner et al. (1996) are usedm. In addition as théSGRIspectrum represents the high
throughout. state of the source and tl&IC data correspond to a mix of

To analyze théSGRIandEPIC data together we extractegdifferent levels we would expeCisgr to be>0.67, the value
EPIC spectra using version 5.4.1 of ti&IM Science Analysis derived using outSGRIresponse matrix and tHePIGISGRI
System (SAS) software. The data were first screened for gp]t_er-cahbranon obtaln(_ad on 3C273 (Courvoisier et al. 2003b),
hanced variable background by filtering out the time intervdfd contrast to the best fit value of 0.43.
where the count rate above 10 keV was higher than the thresh-Matt & Guainazzi (2003) noted that the spectral slope was
old count rate (18 foMOS2and 60 forPN per 100 s bin). The weakly constrained by th&PIC data alone as it correlates
total exposure after screening resulted in 24 ksedM@S2 with the absorbing column densitgscr) correlates with the
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Fig. 2. TheEPIC PN EPIC MOS2andISGRIphoton spectra of IGR J16318848 along with the best fit model and residuals@gycr, fixed
to 0.67. The fit gave a reducgd of 1.04 for 323 d.o.f. (Table 1).

Table 1.Best fit parameters (90% confidence). All parameters are free An exponential cutfi power-law continuum model also fits

in model 1.Cisgriis fixed to 0.67 in model 2. the data well providing a2 of 328 for 322 d.o.f. with a flat
power-law and a cutb energy of 15+ 5 keV. Simultaneous

Parameter Model 1 Model 2 Unit spectral observations performed below and above 20 keV
x?/d.o.f. 333/322 336/ 323 necessary to constraint better the spectral model.
Ciscri 0.43723  0.67 (fixed) The observed ratio of the intensities of Fg Knd Fe kK
Ny 1.96+0.07 2.07+0.10 16*cm (0.127 + 0.09) is consistent with the expected value of 0.
r 1.6+ 0.3 1.97+0.17 (Kaastra & Mewe 1993). The intensity ratio between Ni K
PWI 11 ey 0.08+0.03 0.12:0.03 phkeven?s and Fe kv of 0.05+ 0.02 is close to the solar abundance r.
Feue 082+ 0.05 0.79:004 Z, tio of 0.03-0.045 (Molendi et al. 2003). The strength of tt
Fe Ko E. 6.405-0.003 6.405 0003 keV Fe edge at 1 keV also corresponds to that expected from
Fe Ka Flux 1.84+0.09 1.75:0.06 10“ph/cn?s solar abundan_ce. )
Fe KB E. 707+ 001 7.07:001 keV The centroids of the Fedand KB lines corresponds to Fe

that is ionized between 2 to 6 timeso{level) (House 1969)
) and to a ionisation paramet&r~ 0.05 erg cm s! that is ex-
N! Ko E. 7.46£002  7.46:0.02  kev pected to be variable across the absorbing matter. The pos
Ni Ka Flux 0.09+0.03 0.09:0.03 10%ph/cn¥s of the Fe absorption edge also indicates the presence of Fe
Intr. line width <20 <20 ev is ionized less than 2 times. Note that the systematic uncerta
on the line and edge energiesis 10 eV.

In contrast to Matt & Guainazzi (2003), we did not find thi

the presence of a Compton shoulder to the kdike was re-

power-law index as well. Constraini@js sr to be>0.67 gives quired by the data. This could be related to data selection
I' = 1.9+0.2 and a column densifyy = (2.1+0.1)x10%*cm2.  reduction. A firm detection of the Compton shoulder should
The photon index is consistent with that derived from the fit wonfirmed by future observations. The absence of detectiol
theISGRIspectrum alone. Table 1 gives the best fit paramethie Compton shoulder is however consistent with the conc
for a model withCisgg) fixed to 0.67 (model 2), the photonsion of Matt & Guainazzi that the averadjy; on which fluo-
spectrum and the residuals are shown in Fig. 2. rescence takes place could be smaller than that on the lin

Fe KB Flux 0.32+ 0.08  0.30£0.07 10“ph/cn?s
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Fig. 3. EPIC PNlight curves accumulated in filerent energy ranges XMM error circle (4 radius) is shown on each image.

for IGRJ163184848. The Fe K light curve has been accumulated
between 6.2 and.6 keV. The 812 keV light curve is unfiected by ) .
line emission. Following theINTEGRALdiscovery of IGR J1631-84848,

are-analyis of archival data showed that IGR J1631®818 had
been weakly detected in 1994 September by ASCA (Murakami
sight. We consider the flux of the Compton shoulder derived ey al. 2003), with similar flux antlly as observed in 2003. The
Matt & Guainazzi (2003) as an upper limit. ASCA spectrum suggested the presence of a stronghH:K
We also did not find evidence for an excess of emissigRevnivtsev et al. 2003). However, tBeppo-SAXVide Field
below 5 keV which could be explained by the steeper conti@gamera (WFC), that observed the field almost continuously for
uum derived from thdNTEGRALdata when compared with 6 months each year between October 1996 and 2002, has neve
the use of XMM data alone. Our data do not therefore show eletected the source. This indicates that it wae times fainter
idence for reflection as could be inferred from the low energy average during those periods (In't Zand 2003). This suggests
excess. A pure transmission geometry, with in-homogeneoutigt IGR J163184848 was active in 1994 and 2003 and that it
distributed absorbing mater isfgient. has been quiet over periods of many months. It is remarkable
Matt & Guainazzi (2003) noted that the source flux varidhat the flux and the absorption observed in the active states
tions were intrinsic to the source (and not related to absorptiot) 1994 and 2003 are very similar.
We extracted X-ray light curves for the continuum and for the
Fe Ka line (Fig. 3) using time bins of 200 s. During the fas
continuum rise (around time 19000 s in Fig. 3) the count rat(t))e2 Counterpart
varies significantly in 200 s and a cross correlation analysis epossible counterpart to IGR J16314848 in the Digitized
tween the 2-6.6 keV light curve (strongly dominated by theSky Survey (DSS-IUSNO-B1.0), Two Microns All Sky
Fe Ka line) and the 812 keV continuum light curve indicatesSurvey (2MASS), and Midcourse Space Experiment (MSX)
that any dfferences in mean arrival time of the continuum angiata was reported by Foschini et al. (2003). The respective im-
Fe Ka line emission are smaller than 200 s. The ratio betweages are shown in Fig. 4. In the 2MASS, the counterpart has
the Fe kr and continuum shows however some significant vard-= 10.2,H = 8.6, K = 7.6 and an uncertainty af0.3 mag. It
ations which, as pointed out by Matt & Guainazzi (2003), could also clearly detected in théand of the second DSS and also
indicate variations of the properties of the cold matter on tinmie theRband (USNO-B1). Th& magnitude is reported to vary
scales of 16s. over an interval of 50 years betweend# 0.3 and 184+ 0.3.
The flux density in the MS)A band is 046 Jy.
. . Radio observations were performed with the Australia
3. Discussion Telescope Compact Array (ATCA). Observations have been
conducted at 4.8 and.® Ghz (with a total bandwidth of
128 MHz) on 2003, February 9, starting at 18:00 and finishing
The variability time scale and the maximum delay observed 04:00 the following day, with a total of 1.33 hours (spread
between the Fe Kline and the continuum variations limit theover the full ATCA run) on IGR J1631:84848. No source was
size of the zone in which fluorescent emission takes place ataiected with a & upper limit of 0.1 mJy both at 4.8 and
its distance to the X-ray source to@m. It is therefore very 8.6 GHz.
unlikely that IGR J163184848 is an extragalactic source such The near infrared spectral energy distribution corrected for
as a Seyfert Il galaxy or an Ultra Luminous Infra Red Galaxy dlse dfect of various possible values of the galactic absorption
the width of a fluorescence line (given by the Keplerian velo¢tutz et al. 1996) was analyzed. The visual extinction factor
ity) emitted at a distance of 3®cm would be orders of magni- derived from the galactibly along the line of sight igy = 11.
tude larger than observed. The absorption could however be smaller if the source is nearby

3.1. X-ray variability
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or larger as the radio measurements have limited spatial resnpboardRXTEdid not find evidence for QPO either (Swank ¢
lution. The maximum reddening compatible with an infraredlarkwardt 2003).
spectrum not flatter than a black body spectral component
(Av = 20) is two orders of magnitude smaller than the absorp- Lo
tion observed in the X-rays. We conclude that the source ‘%fa - Contribution to the X-ray background
the IR/optical emission is located atl0** cm from the X-ray Absorbed sources could contribute significantly to the Galac
source. high energy background. Valinia et al. (2000a) modeled 1
If the reddenning is lowAy < 11) the infrared compan- Galactic background emission observed by the PCARXTE
ion of IGRJ163184848 is a low mass red giant star with &nd OSSE ol€GROusing a specific spectral component dor
luminosity of 100d£pc Lo. If the reddening is strongA, ~ inating between 10 and 200 keV. The flux of that compone
20) the companion is a massive supergiant star of luminos{&5x10*erg cn1? s™* deg? at 40 keV) is variable indicating
10° d2, . Lo. In the rest of this discussion we will assume thdbat an important fraction of that emission comes from po
the infraregoptical counterpart and IGR J163148848 are a bi- sources. The spectral shape of IGR J1631®48 roughly cor-
nary system. This however remains to be verified. respond to the empirical spectral model used to represent
If the system is a Low Mass X-Ray Binari\1XRB) lo- Galactic background. The intensity of the background em

cated at 1 kpc, the unabsorbed-BD keV luminosity of 3x sion could be explained by 0.4 sources per square degree a

10% erg s corresponds to the quiescent state of those systefff¥e! Of IGR J163184848 in a band of a width of few degree
In that state, neutron star systems emit thermal emiskibay( 2r0Und the Galactic plane. _

100 eV) that dominates the hard tail below 3 keV (Rutledge 1n€ hard X-ray background also displays a strong ke |
et al. 2002) which is not detected in IGR J1634848. Black emission line which is attributed to the thermdtdse emission

hole LMXRB systems in quiescence have lower luminositig®Minating below 10 keV (Vvalinia et al. 2000b). A populatio
(Kong et al. 2002) and do not show strong absorption. of intrisically absorbed sources similar to IGR J1634848

e e Id onl i level of 10% to the back I
Alternatively, if IGR J163184848 is a High Mass X-ray \"OUId 0Ny contribute ata level of 10% to the background li

. intensity.
Binary (HMXRB) located at 5 kpc, the unabsorbed-2D keV : L
luminosity of 7x 10° erg s indicates that moderate (Wind)theIn spite of theBeppoSAXVFC long term monitoring of

accretion is taking place. Strong FerKines have been ob Galactic center only few strongly absorbed sources h
. ' . C i f ini .1 EGRAL I
served in otheHMXRBsystems. In Vela X-1, large line eqmv—been discovered so far (Ubertini etal. I99MTEGRALIS able

lent width b dduri i h | it to&nake sensitive search for highly absorbed sources (Lek
alentwidihs were observed during eclipses when only Scalteigd,, - 1999) such as IGRJ16314848, IGR J163204751

X-ral)lls ?r:e observedé .th?GaRbiféb'm4;en;alne? To;vggjr (Rodriguez et al. 2003) and IGR 16358726 (Revnivtsnev
smafler than observed in (Pan et al. ): et al. 2003). Figure 1 shows the detection IDBff EGRAL of

In GX 301-2, theNy and the equivalent width of the Fexine : : . .
are variable and correlated. White & Swank (1984) explain&éj‘e point source per degree of Galactic longitude in the Nor

this behavior by V{ariations of the stellar wind velocity ar_wd derl?i'o ?]I%? 'tr-]r:%Saﬁ:c?;r:jsceogrlgi:;?oe:d explain a significant fr
sity along the orbit of the compact source. The kedquiva-
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