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() Abstract

N We present the analysis of XtMMM-Newtorobservation of the M 17 nebula. The X-ray point source pdmriaonsists of massive
*+= 'O-type stars and a population of probable low-mass pre-seguience stars. CEN 1a,b and 01352, the X-ray brightesp®-ty
O stars in M 17, display hard spectra (KT of 3.8 and 2.6 keV) mbast with a colliding wind origin in binagynultiple systems. We
show that the strong interstellar reddening towards thgpe-stars of M 17 yields huge uncertainties on theifLq values. The
O .low-mass pre-main sequence stars exhibit hard spectriimgsintom a combination of high plasma temperatures ang lange
<] ‘interstellar absorption. We find evidence for consideradng term (months to years) variability of these sources. 7Niklone
of the few star formation complexes in our Galaxy produciiffude X-ray emission. We analyze the spectrum of this emission
'<_E'and compare it with previous studies. Finally, we discugs@ptical Monitor UV data obtained simultaneously with theay
images. We find very little correspondence between the UVXanaly sources, indicating that the majority of the UV sosreee
(D foreground stars, whilst the bulk of the X-ray sources aeptieembedded in the M 17 complex.
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;= 1. Introduction noring the multiplicity of O-type stars in NGC 6618 (see also
(7)) _ _ _ the discussion in Povich etlal., 2009).
(0. M17is one of the most luminousiHregions of our Galaxy. ~ The total extinction towards M 17 consists of a foreground

This nebula hosts the very young open cluster NGC 661&xtinction, a local dust component inside M 17 and, in some
which probably reflects the second stage in a still on-goéig s cases, absorption by circumstellar disks or dust. Thisltssu
quential (massive) star formation process (Hanson et@7;1 in a very large optical extinction with a very complex sphtia
(O Povich et al., 2009). These properties make M 17 a privilegedistribution (Povich et all, 2009).
(Y) 'target for the observational study of massive star formatio- The stellar population of M17 features a number of very
O) .deed, M 17 harbors several cocoon stars, which are still @mbeyoung, hot and massive objects. The main exciting source
O\l .ded in the relics of their cradles of circumstellar mateféalj. of M 17 is CEN 1 (Chini et al.._1980), also known &éein-

. IChini & Kriigel,1985; Hanson et al., 1997; Chini et al., 2000 mann’s Anonymous SErCEN1 is a Trapezium-like system
Kassis et all, 2002). Several interesting objects are falonly  consisting of two spectroscopic binaries (CEN 1a and 1k) tha
the interface between theiHregion and the molecular cloud form a visual pair with an angular separation of 1.8 arcsec.

— ‘M 17SW, supporting the idea that they were formed througlEach of these spectroscopic binaries is of spectral type 04V
5 the interaction between therttegion and the molecular cloud. (Hoffmeister et al.| 2008) Actually, multiplicity might be
-= 'Recent studies reported evidence for still accreting massi  quite common among the O-type stars of NGC 6618. Indeed,
X intermediate-mass protostars for a couple of objects wiére  CEN 18 (06-8V) was also found to display double absorp-
G identified as silhouette disks sometimes associated wifetd  tion lines, and CEN 37 (03-6V), being over-luminous for its
(e.g/Nurnberger et al., 2007; Nielbock et al., 2007, 2008)  spectral type, was suggested to be another binary candidate
The distance of the M 17 complex remains somewhat un¢Hoffmeister et all, 2008). VLA radio observations at 3.6 and
certain.  From multi-color photometry and spectroscopy6cm wavelength revealed several compact radio sources, two
Hoffmeister et al. (2008) inferred a distance df20.2kpc and  of them being associated with the components of the visual bi
a ratio of total to selective extinction &, = 3.9. These au- nary CEN 1 |(Rodriguez et al., 2009). CEN 1a is detected only
thors argued that previous photometric and spectrophdt@me at the shortest wavelength. Both radio sources, espedtialy
distance estimates, around 1.6 kpc, were probably bias&p by one associated with CEN 1a, have flux densities that exceed th
expected level of free-free emission from their stellar dgin

UBased on observations collected witMM-Newton an ESA Science Mis-

sion with instruments and contributions directly fundec#8A Member States 1Throughout this paper, we adopt the naming conventioh_ohiGhial.
and the USA (NASA). (1980, CEN designations) and Ogura & Ishida (1976, Ol degigns).

Email addressesternier@astro.ulg.ac.be (F. Mernier), 2The physical association of the two binaries is still comtrsial since they
rauw@astro.ulg.ac.be (G. Rauw) are subject to dierent optical extinctions (Homeister et all, 2008).

Preprint submitted to New Astronomy October 11, 2012


http://arxiv.org/abs/1210.2936v1

Rodriguez et all (2009) accordingly suggest that the obser
radio emission could, at least partially, stem from the syn-
chrotron process in a colliding wind region of the binary-sys
tem.

Although stellar winds account only for a very small fraatio
(a few percent at most) of the overall energy input of eayfyet
stars into Hi regions, their mechanical power determines the
dynamics of a nebula and produces so-called wind-blown bub-
bles or superbubbles (in the case of clusters of early-tigye)s
The superbubble blown by the stellar winds of the OB stars in
M 17 is highly asymmetric due to its interaction with the rieig
boring molecular cloud M 17SW. Soft X-ray emission spayiall
coincident with the superbubble of M 17 was detected with pre
vious X-ray observations usinBOSAT(Dunne et al.| 2003),
Chandra(Townsley et al., 2003&,b) arffuzakulHyodo et al.,
2008). Beside this diuse emission, these X-ray observations
also revealed a number of point sources. For instance, ae¢0 ks
ChandraACIS observation led to the detection of 886 point-
like sources in the field of M 17 (Broos et al., 2007).

In the present paper we discuss the results ofXafM-
Newtonobservation of M 17 with the goal to quantify the prop-
erties of the brightest X-ray sources in the field. Se¢flon®2 p Figure 2: Energy-coded three color UV image of M 17 as builtrfitheUV W1
vides an overview of our observations. In Sgkt. 3, we analyzéed),UVM2 (green) andJVW2 (blue) OM data. The OM field of view covers
the X-ray sources found in the field of M 17. We cross-coreelat & ¢9ion of 1217 arcmift, centered on CEN 1. Note theflise emission that

. . . . . . is seen eastward of the center. The brightest point-likecesuare fiected by
their position with various catalogs to identify countetpaat  some artitacts (see Set. 2).
other wavelengths. We then analyze the spectra of twenty X-
ray bright point like sources as well as of thefdse X-ray
emission. Finally, in Sedil 4, we summarize the most immtrta 2. Observations
results of our study and present our conclusions.

|

M17 was observed for 30ksec with théMM-Newton
satellite (Jansenetlal., 2001) on 3 November 2003
(JD2452710.170 — 2452710.520). The two EPIC-MOS
detectors |(Turneretal.,, 2001) and the EPIC-pn camera
(Strader et all, 2001) were all used in full frame mode wiité t
medium filter to reject optical light.

The raw data were processed with the SAS software (version
10.0). Our observation wagfacted by a high radiation back-
ground. As the background showed no isolated flares, bugrath
a general high levelféecting the entire duration of the observa-
tion, we did not define good time intervals and kept the entire
observation instead.

Images were extracted for soft (0.5 — 1.0keV), medium (1.0
—2.0keV), and hard (2.0 — 10.0 keV) energy bands. An energy-
coded three-color image of the combined field of view of the
two EPIC-MOS instruments is shown in Fig. 1. In this image,
we have emphasized the soft band to highlight the weak dif-
fuse emission that extends to the east-south-east of theaten
cluster.

The Optical Monitor (OM, Mason et al., 2001) instrument
aboardXMM-Newtonobserved M 17 through the three UV fil-
Figure 1: Energy-coded three-color X-ray image of M 17 budm the EPIC- tersUVWI, UVMZ_andUVWZ with exposure tlm_es of 4, 4
MOS data. North is up and east is to the left. The field of viewhef EPIC ~ and 8ksec respectively. The OM was operated in ‘full frame
instruments is centered on CEN 1 and has a radius of 15 ard@inered, green,  low-resolution’ mode covering a ¥ 17 arcmirt square field
tah”d blﬂiu‘ﬁﬁrss ?rgszgzds%:h; S‘%“r‘]’er?rfddi\i/‘fg;raf‘?rgaha“g\i)’?i'gsre“ig? of view centered on the same coordinates as the X-ray cam-
re::(;gg, before thF:eypwer(e combinéd).. Note the reddish en?igimtﬁat extends Eras. TheUVW1, UVM2 andUVW?2 filters have bandW|dth_s
to the east-south-east of the central cluster. of 2450 — 3200, 2050 — 2450, and 1800 — 2250 A, respectlvely

(Mason et all., 2001).
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Figure 3: Color-magnitude (left) and color-color (rightagrams of the near-IR counterparts of the X-ray sourcesctid with EPIC in the M 17 field of view. Only
2MASS data with reliable photometry are plotted. The knowst&s and the bright X-ray sources are objects that aréestsgectroscopically in SeCt.B.2. The
slope of the reddening relation in the color-color diagramicated by the dashed lines, is taken to#§d — H)/E(H — K) = 2 in agreement with Hémeister et al.
(2008) and Straizys & Laugalys (2008). The solid line ysefilde locus of the un-reddened main-sequence accordindktmagal(2000) and Martins & Plez (2006)
and shifted by a distance modulus of 11.61 in the color-nagdaidiagram. The dotted straight line in the color-colagdam indicates the locus of the un-reddened
classical T-Tauri stars following Meyer et al. (1997).

The OM data were processed with the relevant commanianages with a significance threshdlof 10.
chain of the SAS software. The data from the three filters were All these sources were inspected by eye and 16 of them were
used to build a color-coded image (Hif). 2). The OM images exrejected as spurious. This inspection revealed anotharnéess
hibit some artifacts such as smoke-ring ghosts caused by lig that were clearly seen on the image, but were not found by the
reflected & a chamfer in the detector window and modulo-8 detection algorithm. The reasons the detection routingésadi
pattern around bright sources (Mason etlal., 2001). Negerth rather poor job on these data are essentially tifigk back-
less, Figl2 reveals also some genuinfudie emission in the ground as well as the generally high level of particle back-
UVWI1 filter. A total of 614 point sources are detected in theground. We ended up with a final list of 92 sources (a table
OM images (a Table with all the detections will be made avail-with these detections will be made available electronygall
able electronically), 128 of them being detected in all ¢hre This is far less than the number of sources (886) detected by
passbands. Broos et al. [(2007) witfChandra The main reasons for this
The OM detector has a read-out time of 11 ms and sourcesituation are the wider point spread functionX¥M-Newton
with a count rate of 10 counts’stypically sufer from coinci- compared teChandraand the high background level of our ob-
dence losses of about 10% (Mason etlal., 2001). These lossgervation. From a histogram of the number of sources versus
are partially recovered during the data processing to deovi countrate, we conclude that our detections are complete dow
‘corrected’ count rates, which are then converted into ABjma to rates of 0.004 and 0.002 ct3 or the EPIC-pn and the indi-
nitudes [(QOkel 1974). With the filters used during our observidual EPIC-MOS cameras, respectively.
vation, corrected count rates of 10 counts sorrespond to ) )
UVWIL, UVM2 andUVW2 AB-magnitudes of 16.066, 14.912 3.1. Cross-correlation with other catalogs
and 14.072, respectively. The reconstructed photometry of To start, we have cross-correlated the list of X-ray sources

sources much brighter than this should be considered with caWith the 2MASS point sources catalog (Cutri et al., 2003;
tion. Skrutskie et al.. 2006). Using the technique_offiies et al.

(1997), the optimal cross-correlation radius, whidfecs the

best compromise between obtaining the maximum number of

true identifications and avoiding contamination by spusico-

incidences, was established to be 2.5arcsec. For thislaorre

tion radius, we expect to find fewer than 7% of spurious cross-
Figurd1 shows that the X-ray emission of M 17 is dominateddentifications among the 67 positive matches listed.

by a few bright point sources along with a number of fainter

point sources and someflise emission. The SAS detection ~ 31ys implies a probability ok €10 that a random Poissonian fluctuation

routines produced a list of 99 sources in the combined EPICould have caused the observed source counts inside treticieteell.

3

3. X-ray sourcesin M 17




Table 1: Results of the cross-correlation between the fit-my sources detected with our EPIC data of M 17 and theofi$DB stars from_Povich et al. (2009).
Spectral types with a colon are uncertain, and could agtballearlier than quoted here.

XID @ (J2000.0) 6 (J2000.0) Name Spectral type VA Uvw2 Uuvm2 uvwi

# hh:mm:ss  deg:arcmin:arcsec mag

38  18:20:25.9 —-16:08:33 CEN18 06-8V 7.6 185+ 0.05
45  18:20:27.5 -16:13:32 01345 o6V 142+ 0.02 1605+0.01 1394+0.01
55 18:20:29.8 -16:10:45 CEN1a,b O4M™ 04V 1973+ 0.11
68  18:20:34.5 -16:10:12 CEN2 o5V 5.2 185+0.01 1583+001 1377+001
71 18:20:35.4 -16:10:49 CEN3 o9V 3.7 189+0.01 1351+0.01 1305+001
72 18:20:35.9 -16:15:43 01352 o8 V: 7.0 207+0.23 2019+0.19 1765+0.02
88  18:21:02.2 -16:01:01 BD-16° 4826 05 3.9

The J versus] — H color-magnitude and — H versusH — K heavily reddened sources in Hifj. 3 as being two candidate
color-color diagrams of the 2MASS counterparts of the sesirc young stellar objects (YSOs) previously seen withandra
detected with EPIC are shown in Hig. 3. The main-sequenceur X-ray sources 17 and 75 being respectively associatéd wi
relation in these figures is taken fram_Tokunaga (2000) forobjects X4 and X14 in Povich etlal. (2009).
stars later than spectral type O, and from Martins & Plez
(2006) for O-type stars. As can be seen on these diagrams, Correlation of our X-ray sources with the catalog of OM
there is a wide range of reddening values, which hampers point sources yielded a rather low number of matches: only 11
direct comparison with theoretical isochrones. We noté thaof the 76 EPIC sources that fall into the OM field of view were
about 16 of the X-ray sources have a near-IR counterpart thatound to have an OM counterpart. Six of these objects are OB
falls in the region occupied by classical T-Tauri stars (8] T stars (see Tablé 1). The poor match between the X-ray sources
which exhibit IR-excess emission from a circumstellar diskand the UV detections is yet another manifestation of theehug
(Meyer et al., 1997). This result is in excellent agreementbsorption towards M 17.
with the finding of_Broos et al. (2007) who noted that whilst  This brings up the question about the nature of the OM
most of theChandrasources occupied the near-IR color spacesources. Cross-correlation of the OM sources with the 2MASS
associated with reddened weak-line T Tauri stars, about ongoint source catalog yields an optimal correlation radiuthie
sixth of their sources fell in a region of the near-IR coloter  range 2 — 2.5 arcsec. Adopting a radius of 2.5 arcsec, 51@of th
diagram where classical T Tauri and Herbig AeBe stars ar€14 OM point sources have a near-IR counterpart. The corre-
expected. This contrasts with the situation in some othesponding]—H versusH — K color-color diagram as well as the
young open clusters (e.g. Cyg OB2, Rauw2011; NGC 6231near-IR and UV color-magnitude diagram (see Hig. 4) clearly
Sana et al. 2007; and NGC 6383, Rauw €t al. 2003), where onlipdicate that the majority of these objects are less-reedien
a very small fraction of the counterparts of faint X-ray sms likely foreground late-type stars, unrelated to M 17.
provide evidence for near-IR excesses. Comparing the list of OM sources with the catalogs of OB

stars and candidate young stellar objects of Povich|et @04

We have cross-correlated our list of sources with the list otyields 8 positive matches for OB stars and one YSO within a
OB stars provided by Povich etlal. (2009). 16 known O-typeradius of 2.5 arcsec. Two of the OB stars seen with the OM are
stars fall within the field of view covered by the EPIC instru- not detected in X-rays. These are CEN 25 and 31 of spectral
ments. Within a correlation radius of 2.5arcsec, we foundype O7-8V and 09.5V respectively.

7 positive correlations (see Table1). Except for CEN3 and

01352, all of them have a spectral type earlier than O7. The Finally, we have cross-correlated the list of our X-ray sesr
non-detections mostly refer to stars later than O7. Thezeaar With the X-ray sources detected by thandraACIS obser-

few exceptions though. CEN 37 (03-6V) is located very closevation (Broos et al., 2007). Adopting a correlation radids o
to the pair CEN 1a,b and could contribute to the X-ray emissio 2.5 arcsec, we find 61 positive correlations. Actually, sahe
associated with the latter, without being resolved as aivishd ~ our brightest EPIC sources do not have an ACIS counterpart
ual source. CEN 43 (03-5V) falls close (6.9 arcsec) to one ofwithin the correlation radius) and that some of the promtne
the brightest X-ray sources (# 64) in our observation, beirth ACIS sources are missing in our list of detections. We have
association is formally not significant. Whilst we cannderu then used these results to compare the ACIS and EPIC count
out that CEN 43 slightly contributes to the emission of seurc rated. Figure® reveals a highly scattered relation, that desiate
#64, it must be stressed though that this star is very headly

dened- AV : 12.3,[Povich et al. 20-09) and could thu-s escape 4For the latter we adopted the MOS instruments as they haverfgaps
detection simply as a result of the interstellar absorption between CCDs than the pn detector, thus allowing a reliaglerdhination of

In addition, this cross-correlation identifies the two mostthe count rates for a larger number of sources.
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Figure 4: Left: UV color-magnitude diagram of the OM sourdetected in th&JVW1 andUV M2 filters. Middle and right: color-color and color-magniaud
diagrams of the near-IR counterparts of the UV sources tietegith the OM in the M 17 field of view. Only 2MASS data with ieddle photometry are plotted.

The slope of the reddening relation and the main-sequertetiores are built in the same way as in fiy. 3.

significantly from a simple proportionality. One can corsid
several explanations for the large scatter:

e there could be a bias in the EPIC count rates due to source
confusion. Indeed, the density of X-ray sources as seen

with Chandrais quite high, especially in the crowded
core of the NGC 6618 cluster.

Due to the coarser PSF

observations were taken twenty months apart. It seems
quite plausible that the X-ray brightness of weak sources,
which could be associated with low-mass pre-main se-
guence stars, changes with time. In view of Elg.5 and

the above discussion, this appears to be most likely ex-
planation of the scatter and deviation from a simple pro-

portionality. A spectacular illustration of this scenaiso

of XMM-Newton(as compared t€handrg severalChan-

dra sources could be confused and counted as a single
source byXMM-Newton To test this scenario, we have
repeated the cross-correlation with a radius of 10 arcsec
and we have replotted only those EPIC sources with a sin-
gle ACIS counterpart within 10 arcsec (see Flg.5). This
treatment should eliminate the bulk of the sources that are
due to confusion, but we see littl&ect on the distribution

of the objects in Fid.J5. Therefore, confusion alone cannot
account for the scatter in the count rate relation. 3

provided by source 396 of Broos el al. (2007). This is the
second brightest X-ray source in tBhandraobservation,

but is not detected in our observa&nConversely, our
fourth brightest source (XID # 64) has no equivalentin the
ACIS-| data, the nearest possible ACIS counterparts being
very faint and located at more than 4.5 arcsec.

.2. Spectral analyses

the brightest sources couldfer from pile-up. Because Thg EPIC §pectra of twenty point-like sources were extohcte
of Chandras very narrow PSF, this problem would mainly and fitted using thespec software (version 12.6.()., Arnaud,
impact the ACIS-I count rates. However, for all but the two 1996). These include all the O-stars detected with EPIC as
brightest sources in Figl 5, pile-up should be of a few per_vveII as the brightest _object; (with E_PIC-MOS count raFes of
cent at most. Indeed, for the brightest and second brighte§f 1€ast 0.01 (_:ounté) in the field of view. The source regions
objects in this figure, we estimate pile-up levels of aboutVere chosen in such away to include the majority of the source
12%, and 5% respectively. For sources with less thaPhotons, whilst simultaneously avoiding overlap with rgar
0.01 countst, the pile-up level should be less than 1.29. SOUrces in the most crowded regions of the f|e_Id. The b_ack-
ground spectra were evaluated from nearby circular regions
there could be systematics due to the instruments. Whildree of any obvious point source.
one cannot rule out some residual problems in the cross- For all sources, we tested absorbed power-law models as well
calibration of the EPIC and ACIS-I instruments, it has to as absorbed thermal plasrapec models [(Smith et all, 2001).
be noted that a majofi®rt has been put into this task over For the latter, we first assumed solar abundances. Howewver, f
the last decade. All major issues have been solved anthe best exposed spectra, including the bright CEN 1 system,
remaining problems are mostly small. Of course, somethis resulted in a rather poor fit especially of the Fe K linee W
of the scatter in the count rates relation could reflect thehen let the global metallicity vary during the fit and, in rhos
different sensitivities of the EPIC-MOS and ACIS-| detec-cases, it converged to a value 0.2 — 0.4 times solar (Mernier,
tors. However, this should be a rather sméieet.

there could be intrinsic time variability of the faint soasc
on long time scales. Th€handraand XMM-Newton

5The closest EPIC source to this object is our source #42 giaration of
4.9 arcsec.



(1978). For this purpose, we adopt the valuegd\gfquoted in

B Tabld1 and taken from Pavich et al. (Zdﬁ)gaccounting for the

3 peculiar reddening laly = 3.9 (Hoffmeister et all, 2008). For

] CEN la and CEN 1b, there are twdidrent values of\, of re-

1 spectively 10.2 and 13.5mag (Hmeister et al., 2008). In our
fits of the X-ray spectra of O-stars, we allow for some excess
absorption due to the ionized stellar wind (Nazé et al.,4200
B or to some circumstellar absorption. Therefore, we choose t

] lower of the twoAy values for constraining thidy of the spec-

10

t

trum of source # 55 (corresponding to CEN4dlb). There
is no estimate of\y for Ol 345 in the catalog of Povich etlal.
(2009). However, the source is detected in all three OM §ilter
and by comparison with CEN 2 (which has a similar spectral
type), we estimate an extinction &f; ~ 5.3 for Ol 344,

All O-type stars detected with EPIC have X-ray spectra that
are best fit with a thermal plasma model. The majority of the

%ﬁ%}‘% i O-type stars in our sample have intrinsically rather sofcsm
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with kKT between 0.3 and 0.6 keV. This is in line with the overal
Ll L properties of O-type stars as derived from CCD X-ray spectra
10 100 (Naze| 2009) and is consistent with the general picturetafi-
EPIC MOS1 + MOS2 CR (107 s™') sic X-ray emission due to instabilities embedded in thdastel
wind. There are two notable exceptions to this rule. These ar
Figure 5: Comparison of the EPIC-MOS and ACIS-I count ratestie x-ray ~CEN1a,b and OI352. The spectra of these stars are shown in
sources in common betwekn Broos étlal. (2007) and the prpaget. Open  Fig.[d. They both display an Fe K line and require a second,
and _fiIIed symbqls stanq for EPIC sources which have a sinGkSA&ounterpart hotter, temperature of 3.8 and 2.5 keV for CEN 1a,b and OI 352
within a correlation radius of respectively 2.5 and 10 azcse . . . .
respectively. It is worth comparing our best-fit spectrabpa:
eters to those found hy Broos et al. (2007) with the ACIS-I in-
2012). However, given the limited quality of most X-ray spec strument aboar@handra
tra, a more robust approach would be to constrain the abun- Concerning CEN 1a,b, we must recall that our spectrum in-
dances independently and then fit the X-ray spectra usingd fixecludes both CEN 1a and CEN 1b and is likely also contaminated
abundances. by CEN 37, although the latter was found to be 60 times fainter
Garcia-Rojas et al. (2007) studied the chemical compmositi than the pair CEN 1a,b witGhandra These three objects were
of the M 17 Hu region and determined abundances of nine keyresolved byChandra(sources 536, 543 and 574 respectively in
elements (including He, C, N, O, Ne, and Fe). Compared t@roos et al., 2007). Our EPIC spectra indicate a prominent Fe
the solar composition (Asplund et al., 2009), most elemargs K line (much stronger than in the ACIS-| spe@rahat con-
found to have abundances0.7 times solar. There are a few strains the temperature of the hotter plasma componerg quit
notable exceptions to this rule. These are He, which hasaa solwell. This temperature (3.8 keV) is significantly lower the
abundance, C, which is found to be 2.4 times solar and, mostalues of the hotter components found in the ACIS-I spectral
of all, Fe, which is found to have an abundance of 0.026 solafits, which were 15keV for CEN 1a and 10.4keV for CEN 1b
Garcia-Rojas et al. (2007) show that their results arergdige  (Broos et al.| 2007). CEN 37 was reported to have an intrin-
in good agreement with those from the literature, includorg  sically soft spectrum (kT= 0.6 keV,|Broos et al., 2007) and
the iron abundance. The abundances of He and C have no dihould thus not contribute to the hard emission. Tempezatur
rectly measurable impact on the EPIC spectra of our sourceabove 10keV as advocated by Broos etlal. (2007) are very dif-
helium has no spectral features inside the EPIC energy domaificult to understand within the conventional scenarios @vin
whilst carbon has some lines that fall at the low energy edg@stabilities or magnetically channeled winds for the iimgic
of the EPIC sensitivity range, but are of little relevanceehe emission, colliding winds in binary systems; see Gudel &&la
because of the huge interstellar absorption towards M 1w-Ho 12009, for a review) for the X-ray emission of massive stars
ever, iron is of major importance for the EPIC spectra. Usingand would be reminiscent of so-calledCas-like variables.
such a low Fe abundance in our spectral models actuallytsesulOur new result is much more in line with typical emission
in extremely poor fits. After some trials, we thus decidedo fi from a colliding wind binary system as would be expected
all metal abundances to 0.7 times solar, except for He, C and Ffrom a Trapezium-like system such as CEN la,b, displaying
which were fixed at 1.0, 2.4 and 0.4 times solar respectively.

3.2.1. X-ray spectra of O-type stars SWe note that theseAy values are larger than those quoted by
_ : : . Hoffmeister et &l (2008) for the stars in common among our sample
Forthe O _type stars listed in Talle 1, we have Cons”a_lrEd th "We note thalt Heimeister et g1/ (2008) quotl, = 4.3 and 40 respectively
value of the interstellar neutral hydrogen column dens$ingl  ¢or 01345 and CEN 2.

the relation betweeNy andE(B — V) derived by Bohlin et &l. 8We note that the ACIS-I spectrum of CEN 1b is likelffexted by pile-up.
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Table 2: Results of the fits of the EPIC spectra of the O-tygisgif M 17 with models of the kindabs*wind*vapec andwabs*wind*vapec (2T). The interstellar
neutral hydrogen column densities were frozen at the vajives in column 2. The absorption by the ionized wind is acted for using the model of Naze ef al.
(2004). The abundances of the hot plasma were taken to b2.4,00.4 and 0.7 times solar for He, C, Fe and all other metedpectively (see text). A two
temperature plasma model is only required for CEN 1a,b ar@b@l In these cases, column six quotes the ratio of the esnisseéasures of the hotter and cooler
components. Column 7 provides the redugéaf the fit as well as the number of degrees of freedom (in btapk@he observed and absorption-corrected X-ray
fluxes are evaluated in the 0.5 — 10 keV energy range.

Star NH |Og Nwind le kT2 EMz/EMl X?, (dOf) fx f;nabs
10%2%cm?  cm™? keV keV 108ergenm?s? 10 %ergent?st
CEN18 1.13 22799 0.3:‘%‘ - - 1.13(27) 0.11 1.25
01345 0.79 <216 0.6*7 — — 0.91 (29) 0.51 3.22
CEN1a,b 1.52 Zngé 0.61j§§ 3.83 0.70+0.06 1.13(455) 42.30 129.60
CEN2 0.77 216j8:§ 0.30’:88 - - 0.91(74) 0.81 9.28
CEN3 055  2B'os 03070, - - 1.43 (49) 0.28 2.09
01352 1.04 217002 0673 263 115+027 1.05(234) 11.06 22.87
BD-16° 4826 0.58 22]7f8"31 0.31fog - - 1.21 (29) 0.64 4.28
CENla,b 01352
1 E LI \‘ T T 1T E 01 L LI \‘ \ T 1T N
CooiE 4 3 g ]
T 0.01 ‘ +4 7 E ]
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Figure 6: EPIC spectra of CEN 1a,b (left) and OI 352 (rightingl with our best fit models (see Takle 2). The lower panalstithte the residuals in the form of

contributions to the overal2.



non-thermal radio emission (Rodriguez etlal., 2009). Tire o 10
served X-ray flux of CEN 1a,b in thEMM-Newtonobserva- / /
tion (4.23x 10 12ergcnt?s™t) exceeds the combined value of L et
CEN l1a and CEN 1b in thehandraobservation by about 37%. i s /
This difference could result from the combination of various ef- y .
fects, including pile-up of the ACIS-I spectra, soméeliences " / / 1
in the adopted energy ranges (0.5 — 8.0 keVGbandraversus —11 , / -
0.5 — 10keV used here), as well as genuine orbital varigpilit , //
which is a common feature among colliding wind massive bi-§ / ,
naries. i y /
01352 is the second brightest source in our data. Its® i ® s
spectrum is dominated by a hard emission component(kT ~ i , / 1
2.6keV)|Broos et all (2007) reported a temperature of M ke  —12 - 7 c/e / -
for the hotter plasma component. Again, our temperature Lo / R
is lower, but the dierence is less dramatic than for CEN 1. / oe,’
There is however a rather large discrepancy in the observed o9’
fluxes betweenChandra (fx = 4.44 x 10 3ergcnt?s™) O o’
and XMM-Newton(fx = 11.06 x 10 *3ergcnt?s™). Such SN
a difference could hardly be attributed to instrumenté&as —-13
and would thus likely indicate genuine flux variability. The
high plasma temperature, the high X-ray luminosity (for & O
star) and the possible variability all point at this systesmly a
colliding wind binary candidate. Figure 7: Absorption corrected X-ray flux of the O-type steessus bolomet-
ric flux. The filled symbols yield the bolometric fluxes dedvéom theV

Using the interstellar absorption corrected X-ray fluxed an Magnitudes and théy values, whilst the open symbols yield the bolomet-
ric fluxes obtained assuming the stars are typical mainesemu O-stars at

an estimate of the bolometric fluxes of the O-type stars, W istance of 2.1kpc. See SEE32.1 for details. The sikylields the
could in principle infer the value of |Og§nab5/ fhor) Of the O-  jog (funabs/ o)) = —6.45 relation froml Nazé (2009). The dashed lines cor-
type stars in M 17 and compare it to the typical value 685+  respond to the dispersion about this relation.

0.51 inferred by Nazé& (2009). In the present case, the main

uncertainties on logf¢"®"¥ fy,)) stem from the highly uncer- _

tain bolometric luminosities. This is illustrated in Figwhere ~ @bundances as for the O-stars, and with non-thermal pamer-|
we have adopted two filerent approaches for estimatirigy. models. The latter would be relevant for background AGN, un-
First we use the observatimagnitudes, thé, values adopted related to M17.

for the evaluation oy, and the bolometric corrections from  The results of these fits are displayed in Table 3. The ther-
Martins & Plez (2006). This yields an extremely large valoe f mal fits indicate very high temperatures, exceeding 2.4 @V,

the bolometric flux of the CEN 1a,b system which would thenall sources. Furthermore, with one exception, the besbfit ¢
be X-ray under-luminous. Whilst this method is indepenaént umn densities exceeddx 1072 cm 2 and reach 3x 10°*cm2

the actual distance of the stars, it is extremely sensitvany  for source #33. This corresponds E{B — V) = 5.86 or
uncertainties irAy. Alternatively, we have adopted the typical Av = 22.8, adopting the&ry value ofi Hdfmeister et al. (2008).
bolometric luminosities from Martins et al. (2005), assngia  Hence, it seems unlikely that our sample is significantly pol
distance modulus of 11.61 and accounting for the multigglici luted by foreground stars and most of these sources probably
of CEN 1a, 1b and 18 (H¥meister et all, 2008) as well as for either belongto M 17 or are background objects. Assuming tha
the suspected multiplicity of Ol 352. This method is henae se these sources are located at the distance of M 17 and that the
sitive to the uncertainty on the distance modulus as welbas tthermal plasma models are adequate, the absorption-tedirec
the assumptions on multiplicity. Figurk 7 illustrates thega  fluxes correspond to X-ray luminosities in the rang@» 10
impact of the uncertainty on the bolometric flux in the case ofto 5.5 x 10°*2ergs™. The upper limit of this range corresponds
CEN 1a,b which would be highly X-ray over-luminous within to the highly absorbed source #33 and is thus more uncer-
the second scenario. Nevertheless, we can conclude that on dain because of the correction of the interstellar absonptif
erage and within the uncertainties described above, thayX-r we discard this object, the highest luminosity still ameutat
luminosities of the O-stars in M 17 follow the standard sugli 2.2 x 10%ergs™.

log(f,,)

relation of Nazé (2009) quite well. The high temperatures, the fact that most sources are thcate
in M 17 or behind, the range of luminosities as well as thedoca
3.2.2. Other point sources tion of the near-IR counterparts in the color-magnitudgdian

In addition to the O-stars, we have also analyzed the specti@dig.[3) suggest that these sources could be pre-main seguen
of 13 relatively bright point sources in the field of M17. Nine (PMS) stars. PMS stars reach their highest X-ray lumiresiti
of them have a near-IR counterpart (see Table 3). All spectrduring flares and we have thus inspected the X-ray light aurve
were fitted both with thermal plasma models, adopting theesamof all the sources of our spectroscopic sample. Whilst mbst o
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Table 3: Results of the fits of the EPIC spectra of non-O-startgike sources in the field of M 17 with models of the kindbs*vapec (upper part of the table)
andwabs#*power (lower part). In the thermal plasma models, the abundanicée dhot plasma were taken to be 1.0, 2.4, 0.4 and 0.7 times fwlHe, C, Fe and
all other metals, respectively (see text). Column 4 prawithe reduceg? of the fit as well as the number of degrees of freedom (in btapk&he observed and
absorption-corrected X-ray fluxes are evaluated in the A8keV energy range.

XID Ny KT x2(d.o.f) fx funaps J H Ks

# 10?cm2  keV 10%ergen?st 10 8ergenr?st

4 05705 28707 1.39(29) 0.58 0.88 10.62 9.65 9.12
24 1811 >25 1.57(13) 1.44 2.57 1450 13.04 12.01
33 34f838 7.0"161  0.95 (34) 5.48 10.42

37 21j§f§ 2.5%8; 1.14 (50) 1.08 2.79 13.83 12.44 11.82
40 1008 >79 1.65(20) 1.31 1.67 13.09: 1431 12.84
42 Qstgf? >39 1.27(54) 0.85 1.01 12.49: 11.52: 11.23
46 17495 3418 0.94(59) 1.78 3.51

a7 22+11 340 1.36(21) 1.59 3.42

51 Oz7f83g 3.5#’1 0.97 (71) 1.44 2.24 12.80 11.68 11.14
52 15j§}§ 2.4j§{2 1.05 (69) 1.83 4.24 12.65 11.27 10.64
62 24+2 >26 0.92(25) 1.37 2.03

64 10j833 7.8*22  1.03(71) 2.96 4.26 15.07: 13.25 10.98
79 o5j§?§ 2.7%? 1.33(30) 0.56 0.87 11.89 10.76 10.38
XID Ny r x2(d.of) fx funaps

# 102cm2 10 %ergcm?s?t 10 Rergeni?s

24 2313 22709 1.52(24) 1.46 3.59 1450 13.04 12.01
40 07f§;§ 1.0j§;g 1.60 (20) 1.44 1.64 13.09: 14.31 12.84
a7 27+ 26700 1.35(21) 1.60 5.98

62 31%% 1.8j%§ 0.91 (24) 1.26 2.53

64 13 1.9%93  1.00(71) 2.97 5.08 15.07: 13.25 10.98
79 08ﬁ§§ 2.6f§'§ 1.30 (30) 0.56 1.34 11.89 10.76 10.38

the sources do not show a significant, coherent variabikty b X-ray luminosities of early B main sequence stars are about a
tween the dferent EPIC cameras, source #37 undergoes a flafactor ten below the result found here (Nazé etal., 201d) an
ing event towards the end of the observation, although otar da many of the mid-late B stars detected in X-rays are likely bi-
only cover the onset of the flare, with the count rate increasi naries with a low-mass PMS companion being the X-ray emit-
by a factor~ 25. ter (Evans etall, 2011). It would be highly interesting te re
For about half of the sources in our sample, a slightly betinvestigate the spectral types of these stars and to loakifibr
ter fit quality is obtained with an absorbed power-law model liplicity or other peculiarities.
These fits are listed in the lower part of Tdhle 3. When fitted
with thermal plasma models, these sources indicate ratper h 3.3. The dfuse emission
best-fit temperatures: in some cases, only a lower limit to kKT As stated in Sedfl1, soft fise X-ray emission from the
could be obtained. M 17 superbubble was detected with previous X-ray observa-
One source that is of special interest is #52. It is thetories (Dunne et al., 2003; Townsley et al., 2003a; Hyodd.et a
third brightest non-O-star source with an X-ray luminosify |2008). This emission is strongest around the core of the ion-
2.2 x 10*%?ergs?. This object has twe€Chandracounterparts, izing cluster, NGC 6618, and further extends towards the eas
CEN 98 (photometric spectral type B4V, Chini et al., 1980) an south-east direction as an elongated structure (Townsksly, e
CEN97 (photometric spectral type B1\V, Chini et al., 1980),2003b, see also Figl 1).
both located at 1.68 arcsec from th&M source. There is Dunne et al.[(2003) noted a huge discrepancy between the
no UV counterpart detected with the Optical Monitor, which observed level of X-ray emission and the two orders of mag-
is consistent with a deeply embedded source, as suggestadude higher level expected for a model of a wind-blown su-
by the largeNy and theAy of 10.6 and 11.0mag quoted by perbubble including heat conduction (Weaver et al., 19%& s
Chini et al. (1980) for CEN 97 and 98 respectively. Broos et al also Afiorve-Zeferino et al. 2009). They suggested thatdts-
(2007) derived observed X-ray fluxes ab5 1074 and 63x  crepancy stems from thefect of heat conduction and found
10'*ergcnt?s71, which combined together are slightly less a better agreement for models where heat conduction is sup-
than our value (B3x 10-*3ergcnt?s™). This source there- pressed (probably by magnetic fields), but dynamical mixing
fore apparently corresponds to a pair of early-mid B-typesst of cold interstellar material with the hot gas of the bublde i
with an exceptionally large X-ray luminosity. Indeed, ty@i  included.



Diffuse emission in Fig.[8. They are qualitatively similar to the spectrum-pre
0.3 T T T T sented by Townsley etlal. (2003b). The latter authors used a
two-temperature model with one component &T0.13 keV)
with solar composition and another one (kT0.6 keV) with
non-solar abundances. TBeizakwbservation was fitted with
a single temperature (k¥ 0.25 keV) plasma model with clearly
sub-solar metallicity (Hyodo et al., 2008).

Here, we have adopted afidirent approach, fixing the
plasma abundances of all components to the same mix as used
for the point sources in M17. The best-fig?( = 0.89 for
169 d.o.f.) parameters afy = 0.76"13 x 10°2cm?, kT, =
Olltgi keV, kT2 = 022f(1)§ keV, EM,/EM; = 0.20 andfx =
5.76 x 107 3ergcnt?s™t. The observed flux is about half the
value found withChandra This difference most likely reflects
the somewhat dierent extraction regions used in the present

0.5 1 study and in the analysis of ti&handradata. Our study thus
Energy (keV) reveals that the spectral parameters derived from therspect
of the difuse emission are quite sensitive to the treatment of
Figure 8: MOS 1 and MOS 2 spectra of théfdse X-ray emission in M 17. several aspects, such as the plasma abundances, the al&finiti
of the extraction regions of the source and the backgroumt, a
the possible contamination by unresolved point sources.
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"

L
:’7
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Because of their superb angular resolution, @leandra
data rule out the possibility that a substantial fractiorofen
than about 8%) of the ffuse emission could be due to un- 4. Summary and conclusions
resolved late-type pre-main sequence stars (Townsley,et al
2003b). These data yielded an (absorption corrected) Xuray  In this paper, we have analyzed X-ray and UV data obtained
minosity of Ly = 3.4 x 10¥ergs? in the 0.5 — 2keV band during a 30 kseXMM-Newtorobservation of M 17.
assuming a distance of 1.6 kpc (Townsley etlal., 2003b). A The brightest X-ray point sources are associated with seven

very similar luminosity [x = 3.5 x 10*3ergs? in the 1.0 —  O-type stars or systems of such stars. The X-ray images are
8.0keV energy band) was obtained by Hyodo et al. (2008) frontiominated by the Trapezium-like system CEN 1a,b ((O4V
aSuzakuwbservation. 0) + (04V + 0)) and the O8V star O1352. In both cases

Reyes-lturbide et al! (2009) presented 3-D hydrodynamicalve have shown that the EPIC spectra yield plasma tempera-
simulations of the M 17 superbubble and its X-ray emissiontures that are significantly lower than found in a previouslgt
They successfully reproduced the observed champagne flolw [Broos et al. [(2007) and are in very good agreement with
morphology and luminosity of the X-ray emission. Thesea colliding winds scenario. An optical or near-IR spectro-
authors demonstrate the importance of the inhomogeneowssopic monitoring of these stars, although challengingbse
interstellar medium and of the interaction of the clustendvi of the large interstellar absorption and unknown orbitai-pe
with the dense molecular cloud for correctly reproducing th ods, would be extremely useful to establish their multiplic
observed X-ray luminosity. and provide their orbital properties.

There is a very large uncertainty on the /Ly ratios of

We have first extracted the spectrum of th&wdie emis- the O-type stars in M 17. This uncertainty mainly stems from
sion around the core of NGC 6618, excluding all detectedtpointhe impact of the huge (and sometimes poorly known) redden-
sources. This spectrum can be fitted with a two-temperaturimg on the estimates of the bolometric luminosities. Wttt
thermal plasma model with kT of 0.8 ard4.0 keV (Mernier, Lx/Lyo ratios agree on average with the canonical relation es-
2012). The higher temperature is most probably an indinatio tablished for a large sample of O-stars, the large uncdieain
of residual contamination by a population of unresolvedpoi in the present case prevent us from a more detailed compariso
sources associated with pre-main sequence stars. that might reveal subtle flerences and environment#iects.

As a next step, we have then extracted thude X-ray The majority of the secondary X-ray sources are likely low-
emission within a rectangular box centered on (18:20:52.1mass pre-main sequence stars, with abgatdf the objects
—16:12:09), with a size of & 2.2arcmin and inclined by 20  showing some evidence of near-IR excesses attributable-to ¢
with respect to the west-east direction, excluding two poincumstellar material. The near-IR counterparts of our X-ray
sources. This box is slightly smaller than thex@.5arcmirf  sources span a wide range in reddening, which makes a quanti-
region used by Townsley etlal. (2003b) and avoids the centative comparison of their colors and magnitudes with theor
tral part of NGC 6618 whilst extending somewhat fartherical evolutionary tracks very flicult. Out of the 13 brightest
away from the cluster. The background was extracted oveX-ray sources, not associated with an O-star, only one ayspl
a circular area of radius 0.9 arcmin centered on (18:20;33.% flare in our 30 ksec observation. This can be compared to the
—16:13:44). The resulting EPIC-MOS spectra are illustratedesults of the 40 kse€handraobservation;_Broos et al. (2007)
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reported significant variability for 39 out of 886 sourcegtjva
wide range of flare morphologies. Beside this short-ternn-(fla
ing) activity, there must also be a substantial long-terfro(e

der months or years) variability of the X-ray sources of M 17.

Indeed, the relation between the ACIS-I count rates, resmbrd

Hyodo, Y., Tsujimoto, M., Hamaguchi, K., et al. 2008, PASJ] 85

Jansen, F., Lumb, D., Altieri, B., et al. 2001, A&A, 365, L1

Jdfries, R.D., Thurston, M.R., & Pye, J.P. 1997, MNRAS, 287, 350

Kassis, M., Deutsch, L.K., Campbell, M.F., Hora, J.L., Baz5.G., & Hdt-
mann, W.F. 2002, ApJ 124, 1636

Martins, F., & Plez, B. 2006, A&A, 457, 637

in March 2002, and the EPIC-MOS rates, measured twentmar“”& F., Schaerer, D., & Hillier, D.J. 2005, A&A 436, 104

months later, exhibits a very important scatter which jiked-
flects this variability.

ason, K.O., Breeveld, A., Much, R., et al. 2001, A&A 365, L36
Mernier, F. 2012, Master Thesis, University of Liege
Meyer, M.R., Calvet, N., & Hillenbrand, L.A. 1997, AJ, 1182

There is little correspondence between the 92 X-ray sourcesazé, Y. 2009, A&A 506, 1055
and the 614 UV detections. Most of the UV sources are in fachazé. Y., Rauw, G., Vreux, J-M., & De Becker, M. 2004, A&ARB67

foreground objects, unrelated to M 17. The UV data also feveg,

some nebular emission eastwards of the central cluster.

Nazé, Y., Broos, P.S., Oskinova, L.M., et al. 2011, ApJS, 704
ielbock, M., Chini, R., H&fmeister, V.H., Scheyda, C.M., Steinacker, J.,
Nirnberger, D., & Siebenmorgen, R. 2007, ApJ 656, L81

Throughout this work, we have fitted the X-ray spectra ofNielbock, M., Chini, R., H&meister, V.H., Nirnberger, D.E.A., Scheyda,

point and difuse sources with plasma models accounting for. .

C.M., & Steinacker, J. 2008, MNRAS 388, 1031
rnberger, D.E.A., Chini, R., Eisenhauer, F., et al. 200¢A 465, 931

o N
the specific metal abundances of the M 17 nebula as determm@iur& K., & Ishida, K. 1976, PASJ 28, 35
by |Garcia-Rojas et al. (2007), except for the iron abundanc oke, J.B. 1974, ApJS, 27, 21

Indeed, the latter is clearly higher in our spectra than mejplo
bylGarcia-Rojas et al. (2007). This is an interesting prianid,
although an in-depth analysis of thifect is beyond the scope
of the present paper, we suggest that this discrepancy tnéht

Povich, M.S., Churchwell, E., Bieging, J.H., et al. 20094496, 1278

Rauw, G. 2011, A&A 536, A31

Rauw, G., De Becker, M., Gosset, E., Pittard, J.M., & SteveRs 2003, A&A
325, 167

Reyes-lturbide, J., Velazquez, P.F., Rosado, M., Roedgsonzalez, A.,

related to ionizationffects. The presence of a very hot plasma_ Gonzalez, R.F., & Esquivel, A. 2009, MNRAS 394, 1009

(as revealed by thefiluse X-ray emission) might impact on the
ionization stages of iron and could bias the abundancesatfe
from optical diagnostics ([Rg and [Fem] lines).
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