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ABSTRACT

We report on the identification of a soft gamma-ray source, IGR J173684, detected with IBIS, the Imager
on Board thd NTEGRAL Satellite. The source has a 20-100 keV flux-@fx 10 ergs cm?®s™* and is spatially
coincident with NGC 6334, a molecular cloud located in the Sagittarius arm of the Milky Way. Diffuse X-ray
emission has been reported from this regionASCA and interpreted as coming from five far-infrared cores
located in the cloud. However, the combin®ECA spectrum with a 9 keV temperature was difficult to explain
in terms of emission from young pre—main-sequence stars known to be embedded in the star-forming regions.
Detection of gamma rays makes this interpretation even more unrealistic and suggests the presence of a high-
energy source in or behind the cloud. Follow-up observations @iifft and archivalChandra data allow us to
disentangle the NGC 6334 enigma by locating an extragalactic object with the proper spectral characteristics to
explain the gamma-ray emission. The combi@mwndra-IBIS spectrum is well fitted by an absorbed power law
withT =1.2+ 0.1,N, = (L4 = 0.1) x 10 cm 2, and an unabsorbed 2-10 keV flux of ®30 ** ergs cm?s™.
This column density is in excess of the Galactic value, implying that we are detecting a background galaxy
concealed by the molecular cloud and further hidden by material located either in the galaxy itself or between
IGR J17204-3554 and the cloud.

Subject headings. galaxies: active — gamma rays: observations — ISM: clouds — X-rays: general
Online material: color figures

1. INTRODUCTION a GMC) and a point-source location accuracy 6f21 for

. moderately bright sources (Ubertini et al. 2003). Furthermore,
Giant moIecuIa_r clouds (GlMCs)'are the COO'?SI (10-20 K) INTEGRAL has regularly observed the entire Galactic plane
and densest portions (about*3@articles per cubic meter) of

. ; i : . during its first 2 years in orbit, providing, at these energies,
the interstellar m?d'”m: stretching typically over 100 light- Ga?actic survi—:-yywith unprecedpented s%nsitivity (Bird eqc al.
years 'and containing several hundred tho'usanq solar masses 004). A second catalog, resulting from greater sky coverage
material, they are the largest known objects in the universe :

de of molecul terial. Ob i fth K >~ and deeper exposures, is now completed (Bird et al. 2005);
made of molecular material. Ybservations of these Sky regions,,inin this catalog, two sources are spatially coincident with

are made difficult by the large amount of gas and dust, which molecular clouds. IGR J17478822 and IGR J172043554
prevents direct optical view. The only source of information The first object is fully discussed by Revnivtsev et al. (2004),
who interpreted the X-ray and soft gamma-ray emission as

f b tion. Althouah hiah " | eCompton—scattered and reprocessed radiation emitted in the
rom absorption. ough hign-energy measuremen scanasopast by our Galaxy's center (Sgr A*) and mirrored by the

be extremely efficient in probing deeply into these_ regions, Sgr B2 molecular cloud complex. In this Letter, we report
o(gly a.haniifull ozfogg/.ICHh?ve S? f"’llr gggg c:(bsr(larvegol&x-rayg instead on the identification of the second object, which is
(Garmire et al. , moiner et al. , 10NNo ), an associated with NGC 6334. Our deep analysis of the region

virtually none in gamma rays. To probe GMC regions ingamma ; _ . ; :
: : indicates that this new IBIS source is probably a background
rays, the IBIS imager on board theternational Gamma-Ray active galactic nucleus seen through trF\)e clouc)j/. g

Astrophysics Laboratory (INTEGRAL) is a powerful instru-
ment: it allows source detection above 20 keV with millicrab
(~10 " ergs cm? s ') sensitivity in well-exposed regions, an 2. NGC 6334

angular resolution of 12(thus covering the full extension of . . .
9 ( g NGC 6334 is a prominent I region/molecular cloud com-

' Based on observations obtained WHKTEGRAL, an ESA project with plex located in the Sagittarius arm of the M”ky Way at a
instruments and science data center funded by EéA member states (especiallphom.metrIC distance of 1.7 kpc (Neckel 1978),' The complgx
the PI countries: Denmark, France, Germany, ltaly, Switzerland, Spain), the CONtains several recent and current star-for_mlng sites, which
Czech Republic, and Poland and with the participation of Russia and the US.are embedded in an elongated GMC extending over abdut 45

% Istituto di Astrofisica Spaziale e Fisica Cosmica, Sezione di Bologna, (Dickel et al. 1977; Kraemer & Jackson 1999). The morphology

INAF, via Gobetti101, 1-40129 Babgna, Italy. ; ; i ;
% Istituto di Astrofisica Spaziale e Fisica Cosmica, Sezione di Roma, INAF, of the region Is complex, and unfortunately’ this is reflected in

via Fosso del Cavaliere 100, 1-00133 Rome, Italy. the nomenclature of the different sources and components. In
4 School of Physics and Astronomy, University of Southampton, University the scheme that has evolved over time, letter designations cor-
Road, Southampton SO 17 1BJ, UK. respond to centimeter radio sources, while roman-numeral
5 H . . oy . .
NASA Goddard Space Flight Center, Greenbelt, MD 20771. designations are used for millimeter and infrared sources. Radio

® Department of Astronomy and Astrophysics, 525 Davey Laboratory, : - . o - .
Pennsylvania Sate University, University Park, PA 16802. continuum observations have identified five major components,

" INTEGRAL Science Data Centre, Chemin d’Ecogia 16, CH-1291 Versoix, denoted NGC 6334 A-F (Roguez et al. 1982) while far-
Switzerland. infrared (FIR) observations have detected six major sources
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Fic. 1.—IBIS/ISGRI 20-100 keV image with two sources detected: the
high-mass X-ray binary EXO 1722363 and the unidentified source IGR
J17204-3554. [Bee the electronic edition of the Journal for a color version
of this figure]

that are denoted NGC 6334 I-VI, increasing in the opposite
direction relative to the radio data (McBreen et al. 1979). In
radio, all S(_)ur(_:es are il regions with the_ excgptlon of NGC Fic. 2—ASCA GIS (2-10 keV) image: crosses mark the positions of FIR
6334B, which is probably an extragalactic object seen t.hrOUQh cores | to V and corresponding radio sources. The circle corresponds to the
the cloud (Moran et al. 1990). Each of the FIR cores is instead IBIS/ISGRI error box. §ee the electronic edition of the Journal for a color

due to the combined emission of young massive stars embeddegersion of this figure.]

in the cloud’s star-forming regions (Rdduez et al. 1982).

Although most of the reported cores are detected at both rad'OSurvey and Galactic Centre Deep Exposure), as well as to

and far-infrared wavelengths, not all radio sources have COr-nublic open-time observations, and they span from revolution

responding FIR emission, and vice versa (Kraemer & Jackson g (2003 February) to revolution 202 (2004 September); the

1999). total ex i ini i
o . posure of the region containing IGR J1723%454 is
X-ray emission has been detected by fuwanced Satdllite 1 36 5. In the present Letter, we refer to data collected by

for kC_ZosmoIogy Iand Astrophysics (ASfCﬁ\) 1;.r0r.n (;\IGC ?334 the imager (IBIS) on boartNTEGRAL (Ubertini et al. 2003)
(Sekimoto et al. 2000). Because of the limited angular reso- 5 'in particular to detection by the first layer (ISGRI) of the

lution (24') of the instrument, it was not possible to separate ;,qment (Lebrun et al. 2003). A detailed description of the
the blurred extended emission into single sources, although five,

L ; . " "Ssource extraction criteria can be found in Bird et al. (2005).
FIR cores were indicated as being responsible for the emlssmn,:igure 1 shows the 20-100 keV band image of the region

above 2 keV (NGC 6334 1-V), while at softer energies the g4 nding IGR J172043554: the source is detected with a
radiation was found to be mostly absorbed except for core I, significance of~13 ¢ at a position corresponding to R.A:

ocated i the certerof the cloud, Norhviestof NGC 6334, 217207296 and ec~ - 355400100 (12000) i a pos:

. : . fional uncertainty oK15 (90% confidence; Gros et al. 2003).
line star of type BO.5 (CD-35 11482). The combinedSCA Superposition of thé NTEGRAL IBIS positional uncertainty
spectrum was reported to be thermal, with a temperature of j,,{he ASCA Gas Imaging Spectrometer (GIS) image (Fig. 2)
~9 keV, a metal abundance about half the solar value, a columnj,icates that the IBIS emission is located between infrared

density of 9x 10°* cm 2 (close to the Galactic value of £ : -

A . o cores lll and IV. Given the morphology of the region, we cannot
10 cm* [Dickey & Lockman 19?19] n theioquqe direction),  exclude at this stage that we are detecting diffuse or multiple
and an unabsorbed flux e2 x 10™* ergs cm?® s in the 0.5— source emission.

10 keV band. The high temperature observed is not easily rec-"", e\ of its angular resolution, IBIS/ISGRI is not able to
onciled with emission from the young stellar ijects that are separate the various contributions: in this case the emission
known to populate the cloud, and so alternative explanationsg.,y the whole region, including the stellar object at the north-
were proposed by the authors, none of which were convincing et side of the cloud, is detected BYTEGRAL. The flux of

enough to explain the high temperature seerBZA. IGR J17204-3554 detected in each individual pointing was
also used to generate the source light curve: no flares are visible,
3. UNVEILING THE NATURE OF IGR J17204 3554 nor does the source show periodicities or pulsations. Fluxes
3.1.Sep 1: INTEGRAL and ASCA Data for spectral analysis were extracted from narrowband mosaics

of all revolutions added together. A simple power law provides
The data reported here belong to the Core Programme (i.e.a good fit to the IBIS dataxf = 6.4, 4 degrees of freedom
they were collected as part of thBTEGRAL Galactic Plane  [dof]), a flat photon index{ = 1.43332), and a 20-100 keV
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Fic. 3.—Chandra images in two energy bands. The circle indicates the = 3
ISGRI error box. Source 1, seen also 8ift, is soft and unabsorbed, while
il L |

source 3 is hard and absorbed. ] o 100

channel energy (keV)
flux of 3 x 10! ergs cm? s*. Quoted errors here and in the
following correspond to the 90% confidence level for one in-
teresting parameter.

Next we analyzed the combin@®BCA GIS andINTEGRAL
IBIS data over the 2-100 keV band; tASCA data refer to a
region of 4 centered on the cloud. The combined data are well
fitted (x? = 162.5, 143 dof) by an absorbed power law having

i — 0.05 : _
a photon index of" =1.43%0; and a column density,, = observations, on 2002 August 31 (OP1) and September 2

(7.5+ 0.9) x 10?* cm 2 To account for a cross-calibration mis- . !
match between the two instruments and any source variabilityl(ofzg' 4Bhfse mﬁaSlgements, _mtage %g]og](fﬁg;qszg]%t?mem'
between the two observing periods, we have introduced a free'3St€ S each and were pointed a ' '

constant in the fit; when allowed to vary, it provides a value decl. =,_%5056,07l (OP1) and R.A= ].'7'120“545’ decl. =
of 1.3+ 0.3. A thermal model could also be a good fit but —3547'04' (OP2). Each covers a portion of the cloud, and

results in an unacceptably high temperature of 130 keV: if the OP1in particular also completely covgred the ISGRI error box.
temperature is constrained to the value originally proposed by TheChandra data were reduced following standard procedures
ASCA, the fit is unacceptable, implying that a thermal model @nd using CIAO version 3.2. A quick-look analysis of these

is unable to exp|ain the soft gamma-ray emission detected bydata indicates that the emission in the region of interest is
INTEGRAL. resolved into many point sources, including source 1 (seen in

OP1 and OP2 and shown in Fig. 3) and source 2 (seen in OP1
3.2. Sep 2: Swift and Chandra Data qnly). The(_:ha_ndra _p_osit_ion and location accuracgl’) con-
firm the Swift identification for source 1 and further provide
In order to understand what powers the gamma rays seerinformation on sources inside the ISGRI error box: many
from NGC 6334 byINTEGRAL, a Target of Opportunity ob-  X-ray—emitting objects are detected, but they are too X-ray—
servation withSwift (Gehrels et al. 2004) was immediately weak for detection by ISGRI except for source 3, located at
requested and granted. The observation was perfor_rned_on 200 A. = 17202181 and decl= —35°52'48'25 (J2000; un-
July 12, and the source was observed for 1.5 ks withSiaé certainty<1"). Figure 3, which show€&handra images in two
X-Ray Telescope in photon-counting mode (Hill et al. 2004). gitferent wave bands (0.5-2 keV and above 2 keV), clearly
Data reduction was performed using the XRTDAS (ver. 2.0) jnqicates that this source is very hard (heavily absorbed, spec-
standard data pipeline package. Two sources were readily detrally flat, or both), as it is not seen below 2 keV, but it is

tected in the region: source 1, at R.A.17"20"31°88 and decl. . : : - :
_ 'O ' quite bright above this energy compared with source 1, which
= —35'51'04:63, and source 2, at R.Az 17720"26:00 and is visible in both wave bands. In fact, spectral analysis of

decl. = —35°43'58:80 (J2000), with positional uncertainties - ;
" . . - the Chandra data indicates that source 1 is very soft and
of 77 and 10, respectively. Both sources are quite weak in only slightly absorbed] = 2.36+ 0.12,N,, = (7.4 + 0.8) x

X-rays, with 0.5-10 keV fluxes of 2.¥ 10 ™ and 1.3x ORI : ;
10 2 ergs cm? s *, respectively. The first source (also named 10" em?, x* = 147 (123 dof)], while source 3 is flat and

1 3 —2
2E 1717.1-3548) coincides with [SHM89] FIR-Ill 13, a zero-  eavily absorbed =16+ 0.4,N, = (1.6+ 0.3) x 10®cm ™,
age main-sequence star of type O7 that is thought to ionize theX” = 97 (101 dof)]. This was the clue to the solution of the
H 1 region NGC 6334C/core 1l (Straw et al. 1989); the second KNotty problem of NGC 6334, by identifying source 3 as that
is coincident with the emission-line star CB35 11482, also  responsible for the soft gamma-ray emission. In fact, a com-
seen byASCA. Only source 1 is close to the ISGRI error box, Pined analysis of the ISGRI aréhandra data for this source
although outside its border, but it is too weak to be associatedProvides a good fity* = 109, 107 dof; see Fig. 4) with the
with the ISGRI source unless it is strongly absorbed. However, following spectral parameterd” = 1.2+ 0.1, N, = (1.4+
this is the source associated with core Ill, which is the only 0.1) x 10?cm™, and a cross-calibration constant fixed to 1; if
one seen bYASCA at soft energies, therefore suggesting weak left free to vary, the constant is I& and the spectrum is
absorption. Despite the interesting result of pinpointing X-ray softer (1.5+ 0.3), while the absorption remains the same. The
emission from the star ionizing a compactitiegion, theSwift flux corrected for absorption is 0.6 10 * ergs cm? s* in
observation was too short to be able to solve the ISGRI sourcethe 2-10 keV band.

FiG. 4.—CombinedChandra ACIS and IBIS/ISGRI spectrum of source 3,
NGC 6334B.

enigma and to answer the question what is producing gamma
rays in a molecular cloud.
A search of the HEASARC archive provided tv@handra
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3.3. Sep 3: The Nature of Source 3

Having found the source responsible for the X-ray and

BASSANI ET AL.

\Vol. 634

4. CONCLUSIONS

Following a challenging path, we were able to identify the

gamma-ray emission in NGC 6334, we next need to understandnewly discovered source, IGR J17203554, as a background

its nature. TheChandra position coincides with NGC 6334B

galaxy. While revealing the true nature of this IBIS/ISGRI

(also G351.280.68), the only radio source possibly not as- object, we have also solved some of the mysteries related to
sociated with the molecular cloud, and likely to be a back- the X-ray emission from NGC 6334. First, we can firmly state
ground active galaxy. This conclusion is based on a numberthat the radiation measured HASCA is resolved into many

of observations: its brightness temperature at 6 cm is far in W2k point sources, likely to be young massive stars embedded
excess of the value expected fromiHegions; itis not closely N their forming regions as already observed in a number of
associated with other sources of star formation (in fact it is not melecular clouds (Garmire et al. 2000; Hofner et al. 2002;
an FIR core); it has the largest scattering disk of any of the Kohno et al. 2002). Analysis of their X-ray characteristics is
known sources (implying plasma scattering from the nearby beyond the scope of the present Letter, but already we can
NGC 6334A Hu region); and it is time-variable at radio fre- assess that they cannot provide the 9 keV temperature reported
quencies (Moran et al ’1990) Also. measurements ofi by ASCA. Instead, this is due to the convolution of many soft

dicate the presence of additional absorption toward NGC 63348?:;:;)/ I?Bplg C3?7282f§?5|2at3\(/je aéahr:gpusrTg: g(':i?] cblzdtg ethearl"ntshsgon
with respect to the cloud and therefore a larger distance .

(>6 kpc: Moran et al. 1990). X-ray emission from NGC 6334 is dominated by three bright

e ) , . sources: an emission-line star (CB35 11482), the ionizing
Within the Chandra error box, there is no optical or infrared g5, of the ultracompact H region NGC 6334C ([SHM89]
source listed in the USNO-B1 or Two Micron All Sky Survey

' FIR-111 13), and an active galaxy located behind the molecular
(2MASS) catalogs (Monet et al. 2003; Cutri et al. 2008); cloud. The radiation from this active galaxy, besides being

though there is slight evidence of very faint emission (mag- hidden by the cloud, is also absorbed by material located in
nitude ~15) in the 2MASSK-band image. Correcting for  the galaxy itself or between IGR J172068554 and the cloud.
measured X-ray absorption, this corresponds to an intrinsic Clearly, everything was conspiring to prevent identification of
brightness of 7th magnitude, similar to active galaxies in the this soft gamma-ray source, and only the combination of three
local universe D <15 Mpc). Clearly, follow-up optical spec-  powerful instruments INTEGRAL, Swift, and Chandra) has
troscopy will better classify the source type and redshift; allowed us to finally solve the NGC 6334 enigma.
however, the extra absorption found suggests that it might be
a type 2 active galaxy. Alternatively, the column density in  We acknowledge the following funding agencies: In Italy,
excess of the cloud value might be related to material locatedlItalian Space Agency support through contract I/R/046/04; in
between the cloud and the galaxy. In either case, NGC 6334Bthe UK, Particle Physics and Astronomy Research Council help
is a source concealed behind the molecular cloud and furthervia grant GR/2002/00446. Work at Pennsylvania State Uni-
hidden from view by extra gas and dust: a real conspiracy to vVersity was supported by NASA under contract NAS 5-00136.
prevent its detection. We thank P. Persi for useful discussions on the molecular cloud
complex. This research has made use of the SIMBAD database,
See  hitp://tdc-www.harvard.edu/software/catalogs/ubl.html and http:/ OP€rated at CDS, Strasbourg, France, and of the HEASARC
www.ipac.caltech.edu/2mass/releases/second/doc/explsup.html, respectively. archive provided by NASA's Goddard Space Flight Center.
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