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ABSTRACT

Context. X-ray observations provide a very good way to reveal the populatigoofig stars in star forming regions avoiding the
biases introduced when selecting samples based on infrared excess.

Aims. The aim of this study was to find an explanation for the remarkable morghalbthe central part of the S254-S258 star
forming complex, where a dense embedded cluster of very youngrsbéllacts (S255-IR) is sandwiched between the two HII
regions S255 and S257. This interesting configuration had ledfereint speculation such as dynamical ejection of the B-stars from
the central cluster or triggered star formation in a cloud that was swepthe collision zone between the two expanding H Il regions.
The presence or absence, and the spatial distribution of low-masasstasiated with these B-stars can discriminate between the
possible scenarios.

Methods. We performed a dee@handraX-ray observation of the S254—-S258 region in orderfficiently discriminate young stars
(with and without circumstellar matter) from the numerous older field stafsimrea.

Results. We detected 364 X-ray point sources in & X717 field (~ 8 x 8 pc). This X-ray catalog provides, for the first time,
a complete sample of all young stars in the region down t0.5M,. A clustering analysis identifies three significant clusters:
the central embedded cluster S255-IR and two smaller clusterings iné266258. Sixty-four X-ray sources can be classified as
members in one of these clusters. After accounting for X-ray badkgt@ontaminants, this implies that about 250 X-ray sources
constitute a widely scattered population of young stars, distributed oveulifeefd-of-view of our X-ray image. This distributed
young stellar population is considerably larger than the previously knauwmber of non-clustered young stars selected by infrared
excesses. Comparison of the X-ray luminosity function with that of therOxiebula Cluster suggests a total population-d000
young stars in the observed part of the S254-S258 region.

Conclusions. The observed number of 250 X-ray detected distributed young stars agrees well with the expectatitime low-
mass population associated to the B-stars in S255 and S257 as prediatetMfy extrapolation. These results are consistent with the
scenario that these two B-stars represent an earlier stellar populatidghariheir expanding H 1l regions have swept up the central
cloud and trigger star formation (i.e. the central embedded clusterB)56erein.
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1. Introduction (Snell & Bally 1986; Miralles et al. 1997; Minier et al. 2005,
2007; Goddi et al. 2007; Jiang et al. 2008; Wang et al. 2011)
1.1. The 5254-5258 complex provide clear evidence of very recent and ongoing star ftioma

The south-eastern part of the molecular cloud complex in tfgtivity in this cloud. The combination @pitzermid-infrared
Gem OB1 association contains an embedded star-forming @@servations (Allen et al. 2005) with near-infrared imagéa
gion with several diuse HIl regions (S254-S258, Sharplesd® x 20’ region led to the detection of 510 sources with near- or
1959, see Fig. 1). The most prominent of these H Il regiondid-IR excess (Chavaa et al. 2008), 87 and 165 of which were
S255 and S257 (Chopinet et al. 1974), are both powered @gssified as Class I and Class Il sources, respectivelylarge
BO stars, have diameters of 4, and a projected separation ofTiajority (80%) of these infrared excess-selected youniipste
~ 6. Sandwiched right between them is a dense dusty moléfjects (YSOs) were found to be clustered. The central @lust
ular cloud filament (S255-IR or S255-2; Heyer et al. 1989; $3255-IR is the richest of these. It contains at leago infrared
Francesco et al. 2008) that contains numerous embeddedS¥cess sources, among them 23 Class | sources. Another large
frared sources (Zinnecker et al. 1993; Howard et al. 199 |tfraction of the known YSO population is located in an elon-
et al. 2001; Longmore et al. 2006; Ojha et al. 2006; Chaaaridated cluster at the southern edge of S256, and there amakeve
et al. 2008). Masers, HH-objects, jets, and molecular autflo Smaller clusters at fierent locations (see Fig. 12 in Chavarr
et al. 2008).

* Tables 2, 3, and 5 are only available in electronic form at the
CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5)izor ' The census is incomplete because $pitzerimages of the dense
httpy/cdsweb.u-strasbg/fgi-birygcat? JA+A/ cluster sififer from source crowding and saturatidfieets.
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About 2 north of the center of S255-IR, a strong far-infrare@louds at the edges of shells or bubbles driven by high-ntass s
source, S255-N, was detected byfdaet al. (1984). This object is well established and observed at many locations (see, e.g
is also associated with massive star formation and it iebetl Brand et al. 2011; Zavagno et al. 2010; Deharveng et al. 2009)
to be at an even earlier evolutionary stage than S255-IRtZKuilhe particularly strong compression of the cloud at thergae-
et al. 1994, 2004; Cyganowski et al. 2007; Wang et al. 2011jon of the two shells, caused by the ongoing expansion of the
Another deeply embedded region, S255-S (Wang et al. 204.1)H Il regions, may have triggered the formation of a new genera
located about’lsouth-west from S255-IR. It exhibits strong mntion of stars, i.e. the embedded cluster of young stellagaibj
continuum emission (Wang et al. 2011; Di Francesco et aBP00rhe ongoing expansion of the interacting bubbles would also
but no other sign of active star formation in near- and mid-IRrovide a natural explanation why the youngest regions $255
observations. Minier et al. (2007) suggested that thisregimsn and S255-S are found just above and below the central young
is in a very early pre-stellar phase of evolution. Scenafaws cluster S255-IR at the intersection of the shells.
the spatial and temporal sequence of star formation in td-S2
S258 complex have been recently discussed in CHavatral. 13 ] fihe | i Jati
(2008), Bieging et al. (2009), and Wang et al. (2011). 3. Importance of the low-mass stellar population

The distance of the S254-S258 complex was only poorly discriminant between the filerent evolution scenarios for the
known until recently. Pismis & Hasse (1976) and fiéo et al. S255257 region is the presence or absence of low-mass stars as-
(1979) derived a value of 2.5 kpc; similar values (e.g., @& sociated with the two BO stars. While no low-mass stars should
et al. 2008), but also lower values down to 1.5 kpc were usgd present in the case of the bimodal star formation model
in later studies. Rygl et al. (2010) performed high-pregisi or the dynamical ejection model, the multi-generation mode
astrometry using the 6.7 GHz methanol maser emission frgsfedicts the presence of several hundred low-mass stars nea
the source JO6131708 in S255-IR and derived a very accuratghese BO stars, since the stellar populations in basictiyedl-
trigonometric parallax of (59+0.07) kpc for S255. We will use investigated OB associations follow the standard field it
this new and reliable distance for our present study. (Bricefio et al. 2007). A handful emission line stars and a few
dozen infrared excess objects (see Chaaaet al. 2008) are
known inside or near the two H I regions, but their numbers
are far to small for the expected low-mass population aasedi
The most remarkable part of the S254-S258 complex and the faith the massive BO stars.
cus of the study presented here is the central region ardwend t The apparent lack of associated low-mass stars may, how-
two H Il regions S255 and S257. A very interesting, as yet usver, just be a result of the sensitivity limits of the exigtiob-
explained, feature of this region is that the two BO starstiexy  servations: a population of several Myr old low-mass starsld/
these H1l regions, ALS 19 and HD 253327, appear to be madoe quite hard to identify in the present optical and infrarad
or less isolated and do not have any obvious co-spatial lassm ages, for several reasons. First, the low-mass stars waoaloen
clusters (Zinnecker et al. 1993). This is remarkable bezaars densely clustered around the BO stars but scattered ovérex ra
cording to the standard field star IMF (e.g., Kroupa 2001heawide area, up te- 10 pc away from the massive stars, as typical
BO star M. ~ 15M) should be accompanied by about 30@or subgroups in OB associations. Second, these low-mass st
lower-mass stars. Fundamentallyfdient possible explanationswould be quite hard to see in most existing optical or infdare
for the apparent absence of low-mass stars around thesaB0 sinages of the region: since~a10 Myr old 1M, [0.2M] stars
have been proposed over the years. should have magnitudes of¥18.3 [22.2] and K> 14.7 [17.0],

One scenario is based on the assumptidrimbdal star for- they would be not easy to detect in the nebulosity of the H-ll re
mation It assumes that the two high-mass BO stars formed indieons and the diuse infrared emission in this region. Third, even
pendently from the low-mass young stars in the central etusthe availability of Spitzer observations is of limited ussér al-
and in a fundamentally fferent processes. The lack of clusterthough Spitzer data are sensitive enough to detect a good fra
of low-mass stars around these two BO stars would then imgign of the low-mass stars, the Spitzer images of the regien a
that these high-mass stars formed in isolation (see Zirarecklominated by unrelated field stars (note that this regiamMary
et al. 1993). One problem with this scenario is that in basilose to the galactic plane). The usual approach to ideyoiiyg
cally all other well investigated star forming regions, lirignass stars by their infrared excesses is not feasible here, becaiu
stars are always associated with large numbers of low-ntaiss san age of more than a few Myr, most of the low-mass associ-
(Testi et al. 1999; Brid&o et al. 2007). The case of S255 andtion members have already lost their circumstellar digié¢ a
S257 would then represent a quite unique exception if the ahus should not exhibit infrared excesses (Biiwet al. 2007).
sence of low-mass stars was confirmed. It is thus impossible to identify and distinguish a populatof

The second scenario assumes that the two BO stars fornsesteral ¢ 3 — 10) Myr old low-mass association members from
together with the low-mass stars in the dense central clusirelated field stars with optical or infrared photometrpae.
ter S255-IR, but werelynamically ejectede.g. by means of Sensitive X-ray observations can provide a very good solu-
close stellar encounters and N-body interactions. Thisehodion of this problem, since they allow to detect the youngssta
predicts that both BO stars should move away from the ceoy their strong X-ray emission (e.g., Feigelson et al. 2G0%)
tral clusters with substantial velocities. Unfortunatéhe avail- efficiently discriminate them from the numerous older fieldstar
able HIPPARCOS proper-motions for the stars are not aceurat the survey area. The median X-ray luminosity=ofL0 Myr
enough to either support or rule out this scenario. old solar-mass stars is 10°% erg s*; this is nearly 1000 times

A third scenario assumesultiple stellar generations and higher than for solar-mass field stars (see Preibisch & Fsgige
triggered star formationHere, the two BO stars belong to ar005), and makes these young stars relatively easily ddtiect
earlier generation of stars that formed several Myr ago is thX-ray sources. Another very important aspect is that X-ray o
area. The expanding H Il regions swept uffue gas and dust servations trace magnetic activity rather than photospbecir-
in their surroundings into shells, and formed the densedciou cumstellar disk emission from young stars, and are thus Bmp
the interaction zone between them. This process of creang mentary to the available optical and infrared data of théoreg

1.2. Evolution scenarios for the central region S255/257
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The X-ray selected sample of low-mass stars will be not biastorward. Two of the CCDs of the ACIS-S spectroscopic array
toward stars with circumstellar disks identified in the 2@it were also turned on during our observations. However, shee
data. Furthermore, an X-ray image is not subject to confusi®SF at the largeffraxis angles at these detectors is strongly de-
from bright difuse emission by heated gas and dust. X-rays cgraded, their point-source sensitivity is reduced; onky&iray
penetrate deeply into obscuring material and are vifegctive in - sources are detected in the field of these ACIS-S chips.

detecting embedded YSOs (Getman et al. 2005a). Many X-ray The basic data products of our observation are the two Level
studies of star forming regions have demonstrated the ss@fe 2 processed event list provided by the pipeline processing a
this method (see, e.g., Preibisch & Zinnecker 2002; Bro@s. et the Chandra X-ray Center, that list the arrival time, location
2007; Forbrich & Preibisch 2007; Townsley et al. 2011). Als®n the detector and energy for each of the 626 140 detected X-
the relations between the X-ray properties and basic sfgi®-  ray photons. We combined the two pointings with thergeall
erties in young stellar populations are now very well essaleld  script, aChandracontributed software that make use of standard
from very deep X-ray observations such as @tendraOrion CIAC? tools. The mean background count rate in our merged
Ultradeep Project (COUP) (see Getman et al. 2005b; Préibistage, determined from several large source-free regiisns,
et al. 2005). To summarize, a deep X-ray image of the S25495 x 107 counts s! pixel!, corresponding to a mean back-
S258 complex can reveal the full young stellar populations ground level of 0.02 counts pixél

the area and provide essential information about the stardo At a distance of 1.6 kpc, the expected ACIS point source

tion history. _sensitivity limit for a 5-count detection on-axis in a 75 Ks-0
At distances beyond 1 kpc, very good angular resolution dgnation iSLy min ~ 107%5 erg s, assuming an extinction of
required to resolve the individual sources in the dense §OUR, < 2.5 mag ’NH < 5x 107 cm2) as typical for the stars in the
clusters and to allow a reliable identification of the X-raysces regions, and a thermal plasma wikiT = 1 keV (which is
with the numerous infrared sources (note that the complexd's{ypicw value for young stars; see, e.g., Preibisch etofl5p
almost exactly on the galactic plarte= —0.048). TheChandra  gjng the empirical relation between X-ray luminosity atel-s
X-ray observatory, that provides an on-axis PSKdI”, is the |3y mass and the temporal evolution of X-ray luminosity frtra
only currently active X-ray mission that hasfeient angular sample of young stars in the Orion Nebula Cluster that wag ver
resolution for this purpose. well studied in theChandraOrion Ultradeep Project (Preibisch
We have therefore performed a de€pandraX-ray ob- et al. 2005; Preibisch & Feigelson 2005), we can expect teatiet
servation of this extraordinary star forming region in ortl®  gimost all stars in S254-S258 with masses greater tHangQ
uncover the population of low-mass association members. Qid about half of the.@ — 0.5M,, stars. The expected level of
study focuses on the central region of the S254-S258 complg¥tection completeness s 90% for stars withM, > 0.5 M,
i.e. the two H Il regions S255 and S257 and the embedded clugtgrresponding approximately to spectral types earlien thi1)
S255-IR between them. A characterization of the size, thgap g drops below 50% a¥l, < 0.25M,, (spectral typess M5).
distribution, and the properties of the low-mass poputetian Note that these values are valid for the central part of the ob

provide important information on the star formation higtand  served field; sensitivity is 3— 4 times worse at the edges of the
discern between the fiierent models for the relation betweerpc|s field.

S255S257 and the embedded cluster S255-IR. In Section 2 we

describe theChandraobservations and data reduction. Section

3 presents the basic X-ray properties of the detected saurc22. Source detection and X-ray source catalog

Section 4 analyzes the X-ray population of the S254-S258 sta . )

forming complex, and Section 5 discusses the spatial bigtan | Ne source detection was performed in a two-step process. Th
of the X-ray sources and the implications on the star foromati firt detection step was performed in a rather aggressive man
process in S254-S258. A more detailed analysis of the dpti@§" in order to find even the weakest possmlle sources, delibe
and infrared properties of the individual X-ray detectediyg ately accepting some .degree of false detections. In then_deco

stars (that can provide direct information on the ages, amssStep, this list of potential sources was then cleaned froanisp

and the circumstellar disks around these stars) will besptesl  OUS detections by a detailed individual analysis. We engaloy
in a forthcoming paper. the wavpetect algorithm (Freeman et al. 2002CAA0 mexican-

hat wavelet source detection tool) for locating X-ray sesgrin
our merged image, and used a rather low detection threslfiold o

2. Observations and data reduction 1075, This step was performed in threeffdrent energy bands,
) the total band [0.5-8.0] keV, the soft band [0.5-2.0] ke\{ éime
2.1. Chandra X-ray observations of S254-5258 hard band [2.0-8.0] keV, and with wavelet scales betweerdl an

The S254-S258 complex was observed (PI: Th. Preibisc:h pixels. We also perfor.med awsu_al inspection of the irsage
in November 2009 with the Imaging Array of th@handra and added some 30 adc_iltlonal c_and_ldate_s to the mergedgatalo
Advanced CCD Imaging Spectrometer (ACIS-I). ACIS-I profrom the wavelet analysis, resulting in a final catalog of b1
vides a field of view of 17x 17 on the sky. At the 1.6 kpc tential X-ray sogrces. )

distance of S254-S258 this corresponds @37 7.9 pc. The To clean this catalog from spurious sources, we then per-
aimpoint of the observation wag(J2000) = 06'12754,05, formed a detailed analysis of each individual candidatecsou

§ = +17°59 24", The observation was performed in the starWith the ACIS Extract (AE hereafter) software packag@roos
dard “Timed Event, Faint’ mode (with>33 pixel event islands). €t al- 2010). A full description of the procedures used in Al ¢
The total net exposure time of 74 725 s (20.76 hours) was sfift found in Getman et al. (2005b), Townsley et al. (2003) and
into two parts, separated by about 4 days. The details o&th&§00s et al. (2007). The following three steps were perfarme
two observation parts are given in Table 1. Since the roll an-
gles (i.e. the orientation of the detector on the sky) is etpra 2 Chandra Interactive Analysis of Observations, version 4.2:
both observations, each source is at the same detectaopagit httpy/cxc.harvard.edigiagindex.html

both parts, making merging of these two data sets ratheglstra 2 http;/www.astro.psu.eduray/docgTARA/ae usersguide.html
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Fig. 1. Top: Negative grayscale representation
of the optical image of the S254-S258 complex
from the Digitized Sky Survey. The black el-
lipses represent the five H Il regions that define
the complex. The location of the central, op-
tically invisible embedded cluster S255-IR is
marked by the arrow.

Center: Spitzer IRAC 4 image of the cen-
tral part of the S254-S258 complex. This im-
age was created from the basic calibrated data
products for the programs 201 and 30784 re-
trieved from theSpitzerarchive and mosaicked
with the MOPEX software available from the
Spitzer Science Center. Note that parts of the
bright emission from the central embedded
cluster S255-IR is saturated in these data.
Bottom: ChandraACIS-l image of S254-S258

in the [0.5-8.0] keV band. Blue ellipsoids rep-
resent extraction regions for the individual de-
tected X-ray sources based on a model of the
local PSF that encircles 90% of total energy.
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Table 1. Chandracbservation log

Obs.Id. Date Start — End Time [UT] Exposure time Level 2 events
10983 2009-11-16  11:40:48 — 23:35:08 40570s 340411
12022  2009-11-20 05:14:15 - 15:18:20 34155s 285729

by AE in order to prune our input catalog from spurious deteéactor of (16/2.3)° ~ 0.34. Furthermore, the number of fore-
tion (including afterglows): round stars in the Carina Nebula is particularly high sithi®
g g g p y hig
1. Extraction regions were defined as the 90% contours of t%'rigtéogoInssicdlce)‘:':tit:ntshﬁnta;%ﬁgi 5:2”;;;22:&%%2???2%%%
local PSF (or smaller in the case of other nearby source 58 field should be clearly dominated by}8 expected extra-
and source events were extracted. Energy dependent Corb%ﬁéctic sources (AGN)

tions for the finite extraction regions were applied; A characteristic of extragalactic contaminants is thatrthe

2. Local background events were extracted after masking 3Htica| and infrared counterparts should be very faint,aat f

the sources in the catalog; . . mostly undetected in the available optical and infraredgesa
3. ggt?];?gs?g I?[L%liibghtsyg&r)cgseszgta;en% \mt(: ézﬁagtlélé rg/'e we describe in more detail below, our search fpr countéespa
are solel3’/ IdQe to Poisson fluctuations in the local bacE— the X-ray sources left 46 X-ray sources oth|de the céntra
. mbedded cluster S255-IR without optical or infrared ceunt
ground, is computed for each source. parts. This number agrees well with the expected number-of ex

All candidate sources witRg > 0.01 were rejected as back-tragalactic contaminants.
ground fluctuations. After 8 iterations of this pruning pedare Assuming at most 10 contaminating foregrofiratkground
our final catalog consisted of 364 sources. It contains 3#4 pstars, the total expected number of contaminants woutdl 5&.
mary sources witlPg < 0.003, and 20 tentative sources withWith a total number of 364 detected X-ray sources, the expect
0.003< P < 0.01. The extraction regions for the sources in odevel of contamination for our sample is theisl 5%.
final catalog are plotted on ti&handraimage in Fig. 1.

) o 3. Properties of the X-ray source in S254-S258
2.3. X-ray point-source analysis with ACIS Extract
) ) . 3.1. X-ray fluxes and luminosities
The AE software also determines basic properties for eattteof

detected sources, such as the net (i.e., background-stgatya An accurate determination of the intrinsic X-ray source lu-
counts in various energy bands, the median photon enemgy, $ainosities requires good knowledge of the X-ray spectrum.
tistical test for variability, and a measure of the incidphb- However, for the majority of the X-ray sources the number of
ton flux. These properties are reported in Table 2 (availabledetected photons is too low for a detailed spectral anal@sity
the electronic edition). Sources are sorted by increasgty r 25 sources in our catalog have more than 80 net counts, the
ascension and identified by their sequence number (Col. 1)psactical lower limit for meaningful spectral analysis.rFoese
their IAU designation (Col. 2). While the general X-ray prope bright sources we performed a detailed spectral fittingyamal
ties were determined from the merged data set (the AE saftwé@ derive the plasma temperature and the extinction, amd fro
is well suited for this purpose), we note that the spectra (sthese quantities we can calculate the intrinsic (i.e. nektn-
Sect. 3.1.3) were extracted from the individual observitio ~ corrected) X-ray luminosities, as described in detail ictea
3.1.3.

For the weaker X-ray sources, for which a meaningful spec-
tral analysis is not feasible, one cannot determine irittiksray

As in any X-ray observation, there must be some degree of cdwminosities without knowledge of the extinction. This isb-
tamination by galactic field stars as well as extragalactizees. Stantial problem because the young stars in the S254-S268 co
To quantify the expected level of this contamination, wesider Plex show a very wide range of extinctions. There are nungerou
the results from the recer@handra Carina Complex Project Optically visible stars with low obscuration (at most a fevagn
(CCCP; see Townsley et al. 2011), for which the individudlitudes of visual extinction), while other starsigu from cloud
pointings had very similar exposure times&0 — 80 ks) as our extinction up to abou#\, ~ 20 mag, and embedded YSOs show
S254-S258 pointing. Furthermore, S254-S258 is at neady tAdditional circumstellar extinctions up f& ~ 50 mag and be-
same galactic latitude as the Carina Nebula, suggestingtaa yond (Chavaiia et al. 2008). This implies that we cannot simply
background contamination should be very similar in these twiS€ & common count-rate to flux conversion factor to determin
regions. intrinsic X-ray luminosities but have to consider each seun-
For the CCCP data set, the classification study of Broos et @ividually.
(2011a), which considered the X-ray, optical, and infrgveap-
erties of the sources (thatftéir for the diferent contaminant
classes), found that 716 X-ray sources in the 1.46 squaye€ee
CCCP survey are are foreground stars, 16 are backgrours] stAn estimate of theobserved(i.e. not the intrinsic) X-ray flux
and 877 are extragalactic (AGN) contaminants. Scalingetheis computed by AE. This quantity, calléelLU X2, is calculated
numbers to the field-of-view of our S255 pointing gives 3%for from the number of detected photons and using a mean value of
ground stars, 1 background star, and 48 extragalactic (AGHEe instrumental ffective area (through the Ancillary Response
contaminants. However, since S254-S258 is considerabbecl Function, ARF) over energy. THeLU X2 values (derived for the
(1.6 kpc) than the Carina Nebula (2.3 kpc), the number of-fortull band, i.e. [05— 8] keV range), are reported in column (3) in
ground stars should be accordingly smaller, approximdiglst Table 3 (available in the electronic edition). It should loteal

2.4. Expected contamination of the X-ray source sample

3.1.1. Observed X-ray fluxes
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3.1.2. X-ray luminosities from XPHOT
T T T T I T T T T I T T T T I T T T T I T T T T I T T

- . An estimate of the intrinsic, i.e. extinction correctedrag lu-

80 . minosity for sources that are too weak for a detailed spectra
i analysis can be obtained with td®HOT softwaré, developed

i by Getman et al. (2010XPHOT is based on a non-parametric
method for the calculation of fluxes and absorbing X-ray goiu
densities of weak X-ray sources. X-ray extinction and igi¢

flux are estimated from the comparison of the apparent median
energy of the source photons and apparent source flux wisie tho
of high signal-to-noise spectra that were simulated uspers

tral models characteristic of much brighter sources of Igimi
class previously studied in detail. This method requirdsast 4

net counts per source (in order to determine a meaningfukval
for the median energy) and can thus be applied to 255 of our 364
] sources. Columns (4) to (7) of Table 3 (available in the etet

n edition) report apparent and intrinsic (corrected for apson,

J . noted with subscript) luminosities in the hard and total band,

0 - V / minosities range from 12@4 to 10’323 erg 5_1'
i Yt JX7%754 /%%/M%/ﬂﬂ ch | r W t I trl tl f I t r-

gies and the deduced hydrogen column densities estimated by
XPHOT. The median value of the derived hydrogen colum den-

L o _ : )
Fig. 2. The blue histogram shows the distribution of FLUX2 values fo?mes_ 1S lOE(NH [cm ]) __2204' Corresponc_ilng to a visual ab
the X-ray sources in S254-S258. For comparison, the distribution $prption ofAy ~ 6 magnitudes. If we consider the sub-sample
fluxes from the COUP data from Getman et al. (2005b) is shown by thésources located in the central embedded cluster S2564kR,

black histogram, scaled to the distance of S254-S258, i.e. 1.6 kpc. value rises to |0§NH [Cm—z]) = 2221 (Ayv ~ 9 magnitudes),
clearly showing stronger obscuration for the embeddedcssur

60 —

# of sources
T

20 -

i

log F[photon/cm~2/s]

that thisFLU X2 values sffer from a systematic error with re-s'l's' X-ray spectral fits of bright sources

spect to the true incident flux, because the use of a mean AR®t the 25 sources in our sample with more than 80 net counts
is only correct in the hypothetical case of a flat incidentcspewe performed a spectral fitting analysis using AE and the
trum, an assumption that probably not fulfilled. Nevertke|¢ghe XSPECsoftware v12.5 (Arnaud 1996). We used models with
FLU X2 represents the best flux estimate that can be obtaineddoe- or two-temperature therm&APEC components (Smith
weak sources. et al. 2001) and th@BABSmultiplicative model to describe

In Figure 2 we compare the distribution BLU X2 values the_ g@fect of extinction by interstellar (and circumspellar) ma-
for the S254-S258 sample to that of the stars in the Orion Nebierial (as measured by the hydrogen column derSy. The
Cluster obtained in the context of tkkhandraOrion Ultradeep Plasma abundances for theAPEC components were fixed at
Project (COUP, see Getman et al. 2005b). Note that the COthe values adopted by the XEST studytfel et al. 2007) to

fluxes were scaled to the 1.6 kpc distance of S254-S258. T typical for pre-main sequence starBor the extinction we
two distribution show a very similar Shape in the range betwe used the standard interstellar abundances inT®B&BSmodel

~ 10789 photons cm? st and~ 10745 photons cm? s~%. The @s listed in Wilms et al. (2000). In order to evaluate the good

differences between the two distributions can be explained@$s of our fits we choose to apply the C-statistic (a maximum
follows: likelihood method; Cash (1979); Wachter et al. (1979)) \uhig

First, the COUP sample shows a few stars with fluxes Bptter suited than the clasgié statistic for low-count data.
> 10745 photons cm? 5%, while no such very bright sources _ 7O tWo sources, # 97 and # 230, a two-temperature model
are seen in S254-S258. These very bright sources are thig hig}f2S reduired for an acceptable fit. The remaining spectraelie
X-ray luminous O-type stars in the Orion Nebula Cluster. T gw'th asmgl_e thermal component. A few selected exampfes o
fact that the S254-S258 does not contain such high-mass sff SPectral fits are shown in Figure 4. The spectral paramete
explains the absence of similarly high values in the obgerva'® reported in Table 4. The hydrogen column densities range
distribution of incident fluxes for S254-5258. from log(Nw [cm™2]) = 20 to log(Nx [cm™]) = 23.08, cor-

Second, the peak and turn-over of the S254-S258 distrif§SPonding to visual absorptions betwegp < 0.1 mag and
tion at~ 10°%2 photons cm? s is a direct consequence ofAv ~ 65 mag. These values are in good agreement with the es-
the higher sensitivity limit of our S254-S258 X-ray obséiva. timates derived wittKPHOT. The median value is 22.04, corre-
As S254-S258 is about 4 times more distant than the ONC, a#RPnding toAy ~ 6 mag. The plasma temperatures range from
since the exposure time of our S254-SZagandraobservation ~ 0-5 keV (6 MK) up to~ 15 keV (170 MK). In Table 4 we also
is less than one tenth of the 840 ks COUP observation, the &POrt luminosities derived from the spectral fit, assunairgs-
pected sensitivity limit should be about 150 times higher. + hitpy/www.astro.psu.edusersgkostaXPHOT/

Third, the number of sources per bin is always lower fors the adopted abundances, relative to the solar photospheric abun-

S254-S258 compared to the ONC. This suggests that the tefahces given by Anders & Grevesse (1989), are: @45, N= 0.788,
stellar population in the observed part of S254-S258 is lemalo = 0.426, Ne= 0.832, Mg= 0.263, Al= 0.5, Si= 0.309, S= 0.417,

than in the ONC as observed in the COUP. Ar = 0.55, Ca= 0.195, Fe= 0.195, Ni= 0.195.
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Fig. 3. Distributions of median photon energies (left) and hydrogen columnitiEn&ight) determined b)XPHOT (right) for the whole sample
(black histograms). The blue dashed histograms show the distributitnisted to the sub-sample of sources located in the 1 arcmin radius region

centered on the embedded cluster S255-IR.
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Fig. 4. ChandraX-ray spectra and best-fit models of four bright X-ray sources i848258. The crosses show the measured spectra, the solid
lines show the best-fit models; in the two cases where a two temperatued wasl required, the dotted lines show the two individual spectral
model components. CXOU J061244411775914.0 is the B0.5 star HD 253327 that illuminates the S257 nebula. CXBL1R53.73175724.7 is

the source with the highest derived X-ray luminosity in our sample; it iséati the embedded cluster S255-IR. CXOU 061255104930.7 is
another embedded infrared source in S255-IR. CXOU 061312.3®706.2 is the source with the second highest X-ray luminosity in ouplsam
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tance of 1.6 kpc. The intrinsic luminosities are calculdtedn
the spectral fit parameters, setting extinction to zero. réinge
of extinction-corrected intrinsic X-ray luminosities sygafrom i ]
logLi. = 3056 erg s*to 32.11 erg s for the full [0.5-8.0] keV - 1
band. L _

The X-ray properties can give us some clues about the nature
of the sources. The majority of the X-ray sources has plasma —
temperatures and X-ray luminosities in the typical rangesmfl - = -
for YSOs in other star forming regions (see, e.g., Preibisch@ i ]
et al. 2005); together with the fact that most X-ray souraash
clear opticalinfrared counterparts, this suggests that these X-g& | _
ray sources actually are young stars in the S254-S258 cample
However, the sources for which the spectral fit yields exalgm
high plasma temperatures kT > 7.5 keV deserve special at- 31
tention. Such very hard spectra are typical for extragiladti- - o ]
jects (AGNSs), but also sometimes found for very young stella L .
objects (protostars) (see, e.g., Imanishi et al. 2001). radsop
stars are usually deeply embedded in the clouds in which they
formed, the location of these very hard X-ray sources pewid
another hint towards their likely nature. 305 a1 a2 a3

Considering these issues, source number 2 may well be an 1og Ly one [eTe/s]
extragalactic contaminant. First, the spectral fit yieldsex- '
tremely high temperature, but only moderate extinctiowoB€, Fig. 5. Comparison of the intrinsic full band [0.5-8.0] keV luminosities
this source has no optigalfrared counterpart, and, third, it isderived from the spectral fits to the 25 bright sources (Table 4) to the
located at the periphery of the S254-S258 region, well datsiintrinsic full band [0.5-8.0] keV luminosities determined wiXfPHOT.
the boundaries of the molecular clouds. Furthermore, itay-
spectrum can also be well reproduced with a power-law model,
as typical for AGN X-ray sources. Similar arguments apply to 1000
source 30.

The other X-ray sources with extremely high plasma tem-
peratures are located in dense clouds, have infrared apants,
and are thus probably deeply embedded very young stellar ob- 100
jects.

It is interesting to compare the X-ray luminosities from the
spectral fits to those derived witkPHOT. Figure 5 shows that
the results from these two férent methods agree quite well
for the majority of cases. Only for four of the highest lunsno
ity objects we find thakPHOT seems to systematically over-
estimate the X-ray luminosities by 0.1 — 0.2 dex. The gener-
ally good agreement suggests that the X-ray luminositiegett
with XPHOT are reliable. We therefore will use tdPHOT re- 1
sults for our analysis of the X-ray luminosity function peated
below.
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3.2. X-ray source variability 0.1
0.1 1 10 100 1000

Afirst analysis of the time variability of individual X-raysrces NetCounts [obs10983]
is performed by AE by comparing the arrival times of the indi-
vidual source photons in each extraction region to a model &$g. 7- This plot shows for each X-ray source the net counts in the first
suming temporal uniform count rates. The statistical $igmice Pointing compared to the net counts in the second pointing (obtained
forvarabilty s quantied compuiing the Lsided Kolmoge. 56014 15 Ble Tre seaueree o e oior are s 1 upper on
Smlrnoy St'a"[IStIC (Col. 15 of'Ta_b'Ie 2)-In our §ample, .23 SE8I hers of net counts. The solid line indicates the expected relation for
show significant X-ray variability (prp_bablllty of belng B9 sources with constant count rates in the two pointings; the dotted lines
stantPcons; < 0.005) and 19 are classified as possibly variablge qrset by factors of 2.
(0.005 < Pgonst < 0.05).

The light curves of the variable X-ray sources show a variety
of temporal behavior; six of the most interesting lightas\are variability is typical for young stellar objects (see, ¢ $tassun
shown in Fig. 6. Five of these sources show flare-like valitgbi et al. 2006).
i.e. a fastincrease of the count rate followed by a slow egpen  We also investigated time variability by comparing the doun
tial decay, as typical for solar-like magnetic reconnatfiares rate for each source of the two singiandrapointings, i.e. at
(see, e.g., Favata et al. 2005; Wolk et al. 2005; Preibiscl. eta time diference of about 4 days (see Figure 7). One can see
1993). The other variable sources show irregular varighdi that the majority of sources show changes in the count rates b
slowly increasing or decreasing countrates. This kind abX- less than a factor of 2. Only for 21 sources the count rates dif
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Fig. 6. Lightcurves for six significantly variable sources. The solid dots shovattieal time (measured from the start of the observation) and the
energy of each of the detected source photons. The histograms shoartesponding binned lightcurves.
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Table 4. Spectral parameters of brighter sources: the spectral fit waspediovith an absorbed thermal plasma model with ongs¢* varec) or
two componentsigass*( VAPEC+VAPEC)).

Source CR CXOUJ Net Counts lodNy kT kT, log Ls log Ly, log Lhc log Lt log Lic

No. IRclass (counts) (cm) (keV) (keV) (ergs!) (ergs') (ergs!) (ergs?) (ergs?h)

1 @ 3 4 (5) (6) () (8) ) (10) (11) (12)
1 yes 061147.84180312.6 443.3 21.8D0.15 0.20.1 — 30.89 30.14 30.19 30.97 31.47
2 no 061154.88180016.5 192.1 22.09.46 15.@5.1 - 30.26 31.08 31.11 31.14 31.27
3 yes 061159.56175802.9 159.6 22.38.64 2.6:1.2 - 30.21 30.96 31.05 31.03 31.40
5 yes/ I 061206.65-180336.6 239.0 21.41.16 0.50.1 - 30.88 29.55 29.57 30.90 31.17
27  yes 061230.43175506.8 81.8 20.48.19 9.49.9 — 30.23 30.53 30.53 30.70 30.71
30 yes 061230.98180336.9 386.2 22.60.13 15.0 - 30.62 31.46 31.49 31.52 31.65
32 yes 061231.17180853.8 F 99.5 21.96).41 3.&2.3 - 30.28 30.78 30.81 30.90 31.09
97 yes/ I 061244.174175914.0 174.6 21.58).26 0.6:0.2 3416 30.57 30.45 30.46 30.81 31.02
102 yes 061244.76175946.8 156.6 21.60.15 3.:0.8 - 30.41 30.65 30.67 30.85 30.98
104  yes 061245.23175810.3 F 116.6 20:0 1.5+0.2 — 30.45 30.06 30.06 30.60 30.61
113 yeglll 061246.71+175418.2 86.6 21.58.23 0.20.1 - 30.38 29.47 29.49 30.43 30.73
147 yeg lll 061251.04-180644.1 141.8 20.0416.03 1.60.1 - 30.69 29.66 29.66 30.73 30.74
183 yes 061253.48175633.9 91.2 23.08.43 54.2724 - 28.43 31.13 31.35 31.13 31.48
190 yes 061253.73L75724.7 373.2 22.99.25 5.41.2 — 29.51 31.64 31.88 31.65 32.11
209 yes 061254.33175927.7 F 86.5 22.86.99 8.6:10.8 - 29.13 30.99 31.16 31.00 31.35
230 yes 061255.04175930.7 F 250.5 22.3M.53 0.20.4 8.%13.0 30.44 31.11 31.18 31.20 31.61
255  yegl 061258.2%175848.1 91.7 22.34.53 2.60.9 - 30.00 30.70 30.79 30.78 31.14
333 yes 061312.58180706.2 379.7 22.58).46 7.9%35 - 30.33 31.60 31.70 31.63 31.90
337 no 061316.04175416.7 139.9 22.2D.42 3.21.6 - 30.19 30.91 30.96 30.98 31.24
341  yes 061317.11175344.9 F 265.6 21.20.17 5&1.6 - 30.70 31.16 31.17 31.29 31.41
348  yegll 061325.5%175230.5 163.1 22.18.39 1.60.3 - 30.44 30.73 30.81 30.91 31.35
349 yed Il 061325.94-175923.5 F 95.6 20:0 1.0+0.3 - 30.48 29.73 29.73 30.55 30.56
354 yes 061327.44175554.3 125.2 21.910.3 5.6:4.1 - 30.25 30.82 30.85 30.93 31.08
355 yes 061327.64175517.8 182.8 22.10.35 3.&14 - 30.38 31.00 31.05 31.10 31.32
359 yes 061328.37175604.4 97.7 22.19.52 4.3%2.6 - 30.07 30.75 30.80 30.84 31.06

* indicates frozen parameters in the fit.

Col. (2): presence of an optical or infrared counterpart, infrared class$mitrerphotometry (if available).

Col. (3): sources flagged with “F” showed flare-like variability during our obs@mat lightcurves are shown in Fig. 6.

Col. (4): absorbing hydrogen column density of the best-fit.

Cols. (5) and (6): plasma temperature(s) of the best-fit.

Cols. (7) to (11): X-ray luminosities (for an assumed distance of 1.6 kpckisdft &, [0.5 — 2.0] keV) band, the hardch([2.0 — 8.0] keV) band, and the totat [0.5 — 8.0] keV) band.
Absorption-corrected luminosities are denoted with the subseript

fer by more than & between the two observations. The resutjeneous spatial distribution, as expected for (mostlyagetiac-

is consistent with the assumption that the X-ray emissiomfr tic) contaminants.

young stellar objects is a superposition of many flares Bédi Itis interesting to consider the infrared classificatiothafse

ent amplitude, where weak flares are very frequent while vesgurces based on the IRAC spectral energy distribution §SED

strong flares occur more rarely, at rates of about one sucit evslope determined by Chavaaret al. (2008). Unfortunately, the

per week (e.g., Getman et al. 2008). matching of our X-ray source-list with this infrared cale not
straightforward. The catalog contains 26 821 infrared cesir
However, most of these are only detected in the deep near-

4. Characteristics of the X-ray stellar population of infrared images, and just about 6400 of these are detectbe in
S$254-S258 Spitzerdata. Infrared classifications are only available for the
462 infrared sources that are detected in all four IRAC bands

4.1. Optical and infrared counterparts of the X-ray sources The majority of the catalog entries are very faint NIR sogrce

i i ) and many of these are probably background objects rather tha
In order to identify counterparts of the X-ray sources ineoth young stars in S254-S258. Furthermore, the fact that or®542
wavelengths, we used the optical images from the Digitided Sqf the 26 821 sources are detected in all three ofthéi-, and
Survey (DSS), the Two Micron All Sky Survey (2MASS) pointk -hands also suggest that there may well be a significant numbe
source catalog, and thBpitzerIRAC catalog from Chavai® of spurious detections among the faint sources detectedlyn o
et al. (2008). The results of the cross-correlation aremedo one band. This very high number of faint infrared sources pro
in Tat_)le 5 (available in the electro_mc edition). Our visidl  qyces serious problems in any attempt to find the correctriedr
spection of the red and blue DSS images gave optical count&sunterparts for our X-ray sources, since ma@mandrasources
parts to 95 X-ray sources (i.e. 26% of all 364 X-ray sourcesjgye more than one possible counterparts within the X-nay er
Our cross-correlation with the 2MASS Point Source Catalgggius. In these cases, the closest positional match isewt n
lead to 231 near-infrared counterparts (i.e. a counteffpatt essarily the true counterpart. Due to the increasing nuraber
tion of 63%). Our cross-correlation with the infrared catpl infrared sources at fainter magnitudes, good positionathes
from Chavarta et al. (2008) yielded 293 infrared counterpartsyith very faint infrared sources may in fact be just changeesu
i.e. 80% counterpart fraction. For 58 X-ray sources we ditl ngositions of physically unrelated sources, and one of therot
find a counterpartin any of the inspected optical and inffare  yossible matches may be the true countefparteliable iden-
ages. Twelve of these sources are located in or very clo$®1to fification of the infrared counterparts requires a soptastid
central embedded cluster S255-IR. These X-ray sources mayabproach and will be addressed in the next step of our study.
very deeply embedded protostars or young stellar objecégdd Nevertheless, we can mention here the results of a prelignina
behind the dense molecular cloud clumps; the non-deteofion
opticalinfrared counterparts would then be related to very highs we note that similar problems were encountered in an X-ray and
extinction. The remaining 46 X-ray sources without knowki-op infrared study of the Carina Nebula; see Preibisch et al. (2011) for a
calinfrared counterpart outside this cluster show a ratherdiommore detailed discussion.

10
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A B 2 o EA— 2 >3 . consistency confirms the results from comparisons of otier r
] gions (e.g., the CCCP; Feigelson et al. 2011).

This result shows that it is reasonable to assume that the
XLF of S254-S258 has a similar shape as the ONC XLF. We
can therefore make a quantitative estimate of the size dafothe
tal young stellar population in the observed part of S258852
by determining the verticalftset between the two distributions.
We find that the total population in the observed part of the4s2
S258 complex isr 0.7x of that in the ONC. Since the total pop-
ulation of the Orion Nebula Cluster (within 2.06 pc, Hilleahd
& Hartmann 1998) is about 2800 stars, the observed régibn
the S254-S258 should contain2000 stars in total.

o
=)

dN/d(log(Lt,c))

4.3. Spatial distribution of the X-ray sources

Fig. 8. Comparison of the XLF of S254-S258 (thick grey line) to th The spatial distribution of the 364 X-ray sources in @feandra

XLF of the Orion Nebula Cluster (from the COUP data; Getman et jl'.eld shows a complex pattern. Besides the prominent ancedens

2005b, black line). The straight lines show the results of the powé}‘-antral cluster S255-IR a few further apparent clusteriags
law fits to the distributions in the luminosity randg, = 10%5 — Well as a widely distributed population of X-ray sourcesttha

10320 erg s, are spread homogeneously over the entire field-of-view of ou
Chandraobservation can be seen. For a quantitative characteri-
zation of the spatial distribution we performed a nearei&ime

source matching, where we only considered the spatially—cltgJor analysis (see Casertano & Hut 1985) to identify statisti

' lly significant clusterings in an objective way. The scefa
est match to each X-ray source. We find that 8 X-ray sourc § , . e g A
have closest matches classified as Class | YSOs (embedded v psity estimator at the position of each sourds given by

- _ . . - 2 . - . .
young stellar objects with infalling envelopes), 50 X-rayices 4i()) = (J = _1)/ (" [?1(') ) , Wherel_:)](l) is the angular distance
have closest matches classified as Class Il YSOs (Classicafr@m sourcd to its jth nearest neighbor. We usgd= 5 for our
Tauri stars, CTTs), and 8 X-ray sources have closest matcld@&lysis; this value is large enough to keep the fluctuatasns

classified as Class Il YSOs (“Weak line” T-Tauri stars, WTTs}he local density estimates reasonably low and at the samee fi
in the infrared catalog. allows to detect groups with a minimum ef 5 stars. For the

interpretation of the resulting densities, we have to talkespa-

tial variations of the detection sensitivity over the fielfiview
4.2. The X-ray luminosity function into account. The sensitivity is highest in the center, ug tb
effects such as mirror vignetting and the increasing width ef th
point-spread function, it gets several times worse neaedges
of the ACIS field-of-view. We therefore plot in Fig. 9 the soer
densityus as a function of the ffaxis-angle. The general trend

luminosity shows a considerable scatter (see, e.g., Bokileit al. of decreasing source density with increasiraxis-angle can

2005), X-ray studies of a large number of young stellar eltsst be clearly seen.
have shown that the XLF appears to be rather universal and con Clusters can be defined as spatially confined groups of
stant in diferent environments (see Feigelson & Getman 200spurces for which the local surface density clearly excélees
Getman et al. 2006; Wang et al. 2007). values found at other locations in the image at simil@axas-

To construct the XLF of $254-S258, we use the intrinsic fugngles. The obvious dense central cluster S255-IR appasirs (
band [05 — 8.0] keV luminosities calculated b¥PHOT (Table expected) as a very prominent peak at lofiaris-angles in
3 column (7)). Our XLF of S254-S258 is shown in Figure 8 anfiig- 9. Using a density threshold p§ > 22 arcmin®, we find
compared to the XLF for the stars in the Orion Nebula Clustéfat 45 X-ray sources can be considered as members of tiis clu
from the COUP (Getman et al. 2005b). Obviously, the S25%r. Two further prominent peaks can be seen in the plot: one
S258 XLF peaks and turns over at a higher luminosity (neBfak consisting of 12 sources nedfagis-angle 5is caused
Lx ~ 10°°3 erg s?) than the COUP XLF, because the X-raypy a cluster of sources in the S256 region, while another peak
detected sample for $254-S258 is incomplete for low-mass staround dfaxis-angle 9with 7 sources represents a clustering in
due to the lower sensitivity as discussed above. The sldihe o the S258 region.
bright parts of these two distributions, however, can besee  Our clustering analysis thus reveals three significantefss
agree well. that contain a total population of 64 X-ray sources. The iama

For a more quantitative analysis, we performed power-lawg 300 X-ray sources are thus in a distributed, non-clester
fits of the formdN/d(log Lx) « a x log Lx for the observed dis- spatial configuration. As discussed above, upstd0 X-ray
tribution of luminosities. We used the maximum-likelihaegh- sources may be unrelated contaminants. This leads to a popu-
nique described by Maschberger & Kroupa (2009), that yiatds lation of ~ 250 widely distributed X-ray detected young stars in
estimate for the exponent from the observed distributiorcfu the observed area.
tion (i.e. not a fit of the histogram). The resulting power-law
exponents for the distribution of X-ray luminosities in tlaage
Lx = [10%95 — 10%29] erg/s area = —0.95+ 0.09 for the Orion 7 For comparison, we note that the diameter of the Orion Nebula
COUP data, and = —0.91 + 0.10 for our S254-S258 data. ThisCluster & 30”) would bex 8 at the distance of 1.6 kpc.

The X-ray luminosity function (XLF) is the product of the dis
tribution of X-ray luminosities of stars with a given massiahe

number of stars per mass interval, i.e. the initial masstfanc
(IMF). Although the correlation between stellar mass anihX-
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U R R field. However, this limit shows considerable systematid-va

:52:;5*‘3 1 ations as a function of theffeaxis angle and gets several times
L i worse near the edges of the ACIS field. If we consider the widel
100

P T 200 ] distributed population of X-ray sources, we have to take int
& Fi ; ﬁ ; 1 account that most of these sources are located outside the ce
£ T D ] tral few arcmininute region of maximum sensitivity. Brodsaé
¢ 1op 4 o 5258 E (2011b) performed a detailed analysis of the spatial Seitgit
- P § i ¥ 1 variations over the ACIS field. From the values for the com-
E %ﬁ#; e, +F 1 pleteness limits in dierent df-axis angle slices in their Table
8 i@ﬁ% e ¥ 1 8 we find that the area-weighted average of the completeness
g 10F oA f#ﬁj# i £ ., E limit over the full field-of-view is about 0.5 dex higher théme
3 et ] on-axis value. This implies that the average X-ray complets
n + T i ] L. ! 20 .
0 L + | limit of our Chandradata for the widely distributed population
z et ; 00 1
= L et | is thus logLx ~ 10°%0 erg s

* M Since the X-ray luminosity functions for young stars areyver

similar for most studied regions (see Feigelson & Getmarb200

- 1 Getman et al. 2006) we can assume that the young stars in S254-
001w v e S258 follow the same relations between stellar mass and/X-ra
luminosity as established by the data from @leandraOrion
Ultradeep Project (see Preibisch & Feigelson 2005). This im
plies that we should detest 70% of the young stars in the mass

e R range [05 — 2] M, and~ 30% of the stars in the mass range
1 [0.1-0.5] M.
18.10 - n Since the Kroupa (2001) IMF predicts 80 stars with
1 [0.5 - 2] Mg and~ 250 stars with [aL — 0.5] M, for each BO
L star, the expected number of X-ray detected stars asstdmte
18.051 ] the two BO stars is 2x(0.7x80+0.3x250) = 262. The observed
B 1 number ofx 250 distributed X-ray sources (after correction for
= 18000 a background contamination) is actually quite close to tRkjzee-
2 [ ] tation value and consistent with the assumption that thessyX
- i 1 sources trace the low-mass stellar population associatétet
17950 ] two B-stars.
17.901 7 6. Conclusions
i 1 Our deepChandraobservation of the S254-S258 complex led to
17851 + 7 the detection of 364 X-ray sources, about 50 of which are ex-
f— T I — pected to be background contaminants. The X-ray propesties
' ' RA [deg] ' most sources (luminosity, plasma temperature, and véitigbi

_ _ _ ) are in the typical ranges found for young stellar objectssTh
Fig.9. Top: Nearest neighbor analysis surface density at the locatignpports the assumption that these X-ray sources objquis-re
of each X-ray source plotted against tiféagis-angle. The general de-gent the population of young low-mass stars in the S254-S258
crease of density with increasinffaxis-angle is related tonnstrumentalC mplex. Our analysis of the spatial distribution of the ar

gﬁggghe dot-lined boxes mark the members of the three 'dem'ﬁg urces with a nearest neighbor method reveals three signifi

Bottom: Spatial distribution of the X-ray sources. The members of tlgfnt Cll_JSterS: the dense central cluster S255-IR, and tvadlesm
three clusters marked in the top plot are show by the colored asteriskdusterings related to S256 and S258. About 20% of the X-
ray sources are members of one of these clusters, whereas the
large majority ¢ 80%) of the X-ray sources traces a widely dis-
i fatri . i tributed population of young stars.

5 The size of the distributed X-ray population The size of this distributed population of X-ray detected
In order to check whether the distributed X-ray sources regy r young stars is in good agreement with the expected X-raycsour
resent the low-mass stellar population associated to th&@8 number based on the assumption that these stars trace the low
in S255 and S257, we compare the size of the distributed X-rmass population associated with the two early B-type stars i
population with the expected number of based on IMF extrap8255 and S257. We wouttbt expect to see this distributed pop-
lations. According to the Kroupa (2001) field IMF model, eachlation in the context of the models that two BO stars haveeeit
BO star M ~ 15Mg; see Martins et al. 2005) should be assocfermed in isolation or were ejected from the central embddde
ated by~ 320 low-mass stars ([D- 2] My). However, not all of cluster. Our results therefore suggest that the two B-araaithe
these low-mass stars will be detected in our X-ray obsemwati associated distributed low-mass stars represent a gpejtara-
as the X-ray luminosities of young stars are related to théast tion that is distinct from the embedded cluster of YSOs in5525
mass. The expected number of X-ray sources can be foundlBy This is in agreement with the model scenario in which the
comparing the X-ray detection limit to the typical X-ray litm observed star formation activity in the dense embeddedezlus
nosity functions for young stars in specific mass ranges. located in the interaction zone between the S255 and S257 H I

As discussed above, the X-ray detection limit of our dat@gions has been triggered by the compression of the cloed du
is Ly mn ~ 10?%° erg st in the central part of the observedto the expansion of the H Il regions.
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A detailed analysis of the optical and infrared properties @ongmore, S. N., Burton, M. G., Minier, V., & Walsh, A. J. 2008NRAS, 369,
the individual X-ray detected young stars that can provide d 1196

rect information on the ages, masses, and the circumstiles
around these stars will be presented in a upcoming study.

Martins, F., Schaerer, D., & Hillier, D. J. 2005, A&A, 436, 194
Maschberger, T. & Kroupa, P. 2009, MNRAS, 395, 931

Minier, V., Burton, M. G., Hill, T., et al. 2005, A&A, 429, 945

Minier, V., Peretto, N., Longmore, S. N., et al. 2007, in IAUgyosium, Vol.

AcknowledgementsThis work is based on observations obtained with 237, AU Symposium, ed. B. G. EImegreen & J. Palous, 160-164
the Chandra X-ray Observatory, which is operated by the SmithsoniaMiralles, M. P., Salas, L., Cruz-Gonzalez, |., & Kurtz, S9Y9ApJ, 488, 749

Astrophysical Observatory for and on behalf of the NatioA&ronautics
Space Administration (NASA) under contract NAS8-03060. @ualysis pre-
sented in this paper was supported by the Munich Cluster aeleace:

“Origin and Structure of the Universe”. This publication reakuse of data
products from the Two Micron All Sky Survey, which is a jointogect of

the University of Massachusetts and the Infrared Procgsaimd Analysis
CenterCalifornia Institute of Technology, funded by the NatioAaronautics
and Space Administration and the National Science Foundatiod of obser-
vations made with the Spitzer Space Telescope, which is tggblay the Jet
Propulsion Laboratory, California Institute of Technojagnder a contract with
NASA.

References

Allen, L. E., Hora, J. L., Megeath, S. T., et al. 2005, in IAUr§yosium, Vol. 227,
Massive Star Birth: A Crossroads of Astrophysics, ed. Ra@®es, M. Felli,
E. Churchwell, & M. Walmsley, 352—-357

Anders, E. & Grevesse, N. 1989, Geochim. Cosmochim. Acta, 58, 19

Arnaud, K. A. 1996, in Astronomical Society of the Pacific Ceneince
Series, Vol. 101, Astronomical Data Analysis Software andt&ys V, ed.
G. H. Jacoby & J. Barnes, 17

Bieging, J. H., Peters, W. L., Vila Vilaro, B., Schlottman, K.Kulesa, C. 2009,
AJ, 138, 975

Brand, J., Massi, F., Zavagno, A., Deharveng, L., & Lefloch2B11, A&A,
527, A62+

Bricefio, C., Preibisch, T., Sherry, W. H., et al. 2007, Protostau Planets V,
345

Broos, P. S., Feigelson, E. D., Townsley, L. K., et al. 200@J3, 169, 353

Broos, P. S., Getman, K. V., Povich, M. S., et al. 2011a, Ap98, 4

Broos, P. S., Townsley, L. K., Feigelson, E. D., et al. 2010J A714, 1582

Broos, P. S., Townsley, L. K., Feigelson, E. D., et al. 20 4n]S, 194, 2

Casertano, S. & Hut, P. 1985, ApJ, 298, 80

Cash, W. 1979, ApJ, 228, 939

Chavarfa, L. A., Allen, L. E., Hora, J. L., Brunt, C. M., & Fazio, G. @008,
ApJ, 682, 445

Chopinet, M., Deharveng-Baudel, L., & Lortet-Zuckermann,311974, A&A,
30, 233

Cyganowski, C. J., Brogan, C. L., & Hunter, T. R. 2007, AJ, 1346

Deharveng, L., Zavagno, A., Schuller, F., et al. 2009, A&AGAD77

Di Francesco, J., Johnstone, D., Kirk, H., MacKenzie, T., &osinska, E.
2008, ApJS, 175, 277

Favata, F., Flaccomio, E., Reale, F., et al. 2005, ApJS, 16D, 4

Moffat, A. F. J., Jackson, P. D., & Fitzgerald, M. P. 1979, A&AS, B87

Ojha, D., Tamura, M., & Sirius Team. 2006, Bulletin of the Astomical Society
of India, 34, 119

Pismis, P. & Hasse, |. 1976, Ap&SS, 45, 79

Preibisch, T. & Feigelson, E. D. 2005, ApJS, 160, 390

Preibisch, T., Hodgkin, S., Irwin, M., et al. 2011, ApJS, 19@

Preibisch, T., Kim, Y., Favata, F., et al. 2005, ApJS, 160, 401

Preibisch, T. & Zinnecker, H. 2002, AJ, 123, 1613

Preibisch, T., Zinnecker, H., & Schmitt, J. H. M. M. 1993, A&A72, L33

Rygl, K. L. J., Brunthaler, A., Reid, M. J., et al. 2010, A&A, B1A2+

Sharpless, S. 1959, ApJS, 4, 257

Smith, R. K., Brickhouse, N. S., Liedahl, D. A., & Raymond, J.2001, ApJ,
556, L91

Snell, R. L. & Bally, J. 1986, ApJ, 303, 683

Stassun, K. G., van den Berg, M., Feigelson, E., & Flaccomi®@6, ApJ,
649, 914

Testi, L., Palla, F., & Natta, A. 1999, A&A, 342, 515

Townsley, L. K., Broos, P. S., Corcoran, M. F., etal. 2011J8p194, 1

Townsley, L. K., Feigelson, E. D., Montmerle, T., et al. 2088,], 593, 874

Wachter, K., Leach, R., & Kellogg, E. 1979, ApJ, 230, 274

Wang, J., Townsley, L. K., Feigelson, E. D., et al. 2007, AAESB, 100

Wang, Y., Beuther, H., Bik, A, et al. 2011, A&A, 527, A32

Wilms, J., Allen, A., & McCray, R. 2000, ApJ, 542, 914

Wolk, S. J., Harnden, Jr.,, F. R., Flaccomio, E., et al. 20059160, 423

Zavagno, A., Russeil, D., Motte, F., et al. 2010, A&A, 518, k81

Zinnecker, H., McCaughrean, M. J., & Wilking, B. A. 1993, inofostars and
Planets I, ed. E. H. Levy & J. |. Lunine, 429-495

Feigelson, E., Townsley, L., @@el, M., & Stassun, K. 2007, Protostars and

Planets V, 313

Feigelson, E. D. & Getman, K. V. 2005, ArXiv Astrophysics éns

Feigelson, E. D., Getman, K. V., Townsley, L. K., et al. 201p,)8, 194, 9

Forbrich, J. & Preibisch, T. 2007, A&A, 475, 959

Freeman, P. E., Kashyap, V., Rosner, R., & Lamb, D. Q. 2002, Ap3& 185

Getman, K. V., Feigelson, E. D., Broos, P. S., Micela, G., &Gieg, G. P. 2008,
ApJ, 688, 418

Getman, K. V., Feigelson, E. D., Broos, P. S., Townsley, L&Garmire, G. P.
2010, ApJ, 708, 1760

Getman, K. V., Feigelson, E. D., Grosso, N., et al. 2005a, Ap88, 353

Getman, K. V., Feigelson, E. D., Townsley, L., et al. 2006, 3,al63, 306

Getman, K. V., Flaccomio, E., Broos, P. S., et al. 2005b, Ap88, 319

Goddi, C., Moscadelli, L., Sanna, A., Cesaroni, R., & Minier 2007, A&A,
461, 1027

Gudel, M., Briggs, K. R., Arzner, K., et al. 2007, A&A, 468, 353

Heyer, M. H., Snell, R. L., Morgan, J., & Schloerb, F. P. 198p), 346, 220

Hillenbrand, L. A. & Hartmann, L. W. 1998, ApJ, 492, 540

Howard, E. M., Pipher, J. L., & Forrest, W. J. 1997, ApJ, 4847 3

Imanishi, K., Koyama, K., & Tsuboi, Y. 2001, ApJ, 557, 747

Itoh, Y., Tamura, M., Suto, H., et al. 2001, PASJ, 53, 495

Jdfe, D. T., Davidson, J. A., Dragovan, M., & Hildebrand, R. H849ApJ, 284,
637

Jiang, Z., Tamura, M., Hoare, M. G, et al. 2008, ApJ, 673, L175

Kroupa, P. 2001, MNRAS, 322, 231

Kurtz, S., Churchwell, E., & Wood, D. O. S. 1994, ApJS, 91, 659

Kurtz, S., Hofner, P., &lvarez, C. V. 2004, ApJS, 155, 149

13



