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ABSTRACT

Context. The very young open cluster NGC 6383 centered on the O-star binad581D76 is an interesting place for studying the
impact of early-type stars with strong radiation fields and powerful womdthe formation processes of low-mass stars.

Aims. To investigate this process, it is necessary to determine the charactéagecpresence, or absence of circumstellar material)
of the population of low-mass pre-main-sequence (PMS) stars in theiclus

Methods. We obtained deep BV (R1). Ha photometric data of the entire cluster as well as medium-resolution optieetrepcopy

of a subsample of X-ray selected objects.

Results. Our spectroscopic data reveal only very weakeétnission lines in a few X-ray selected PMS candidates. We photometrically
identify a number of 4 emission candidates but their cluster membership is uncertain. We fintthéhainter objects in the field of
view have a wide range of extinction (upAg = 20), one X-ray selected OB star haviAg ~ 8.

Conclusions. Our investigation uncovers a population of PMS stars in NGC 6383 thatrat®lply coeval with HD 159176. In
addition, we detect a population of reddened objects that are probabietbat diferent depths within the natal molecular cloud
of the cluster. Finally, we identify a rather complex spatial distribution of émitters, which is probably indicative of a severe
contamination by foreground and background stars.
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1. Introduction tion spectroscopy; photometric surveys are heawvilgcted by

) ) ) .. foreground or background objects that are unrelated toltse ¢
Substantial fforts have been dedicated to the investigation ‘?ér, and IR-excesses are only detected for a subset of the PMS
the low-mass star formation process in very young openaisistgpjects. Therefore, it is important to consider as manudatas
_harbourm_g a populatlon of early-typg stars. Many of thégd-s possible when identifying the stars in the PMS stage.
ies were inspired by X-ray observations of these open alsiste |, this paper, we consider the case of the very young clus-
(with either Chandra or XMM-Newton) that found a wealth of oy NGC 6383. The cluster distance was consistently deteri
moderately bright X-ray sources associated with low-mass pi; pe 13 + 0.1 kpc, while the reddening towards the brighter
main-sequence (PMS) stars (e.g., Prisinzano et al.|200® Sgy;ster members correspondsE¢B — V) = 0.32 + 0.02 (for
et al.[2007). A strong and often variable X-ray emission s fr 5 review of the cluster properties, see Rauw & DeBetker 2008
quently observed for PMS stars in the classical and the Weak- 5 references therein). NGC 6383 is centered on the massive
T Tauri (hereafter cTTs and wTTs respectively) stage. Herev 5 7((f) v + O7((f) V binary HD 159176 (Linder et &1, 2007) and
enhanced X-ray emission is only one characteristic of PMgp, x\M-Newton observation detected 76 X-ray sources (Rauw
stars; in addition to a Li overabundance, position in a celoug 51 [2003) in addition to HD 159176 (De Becker et al. 2004).
magnitude diagram, photometric variabilityaémission, and st of these secondary sources were considered to be PMS
near-infrared excesses that can help us identify the popnla gi4r5 or at least PMS candidates (Rauw ef al. 2003, hereafter
of PMS stars in a given cluster. Unfortunately, all theseeod  paper |). To ascertain the status of these objects, we @otain
are biased to some extent: X-ray and Eimission are strongly optical spectroscopy of a subsample of the X-ray selected ob
variable and could be weaker over some part of the PMS “fEt"]bcts as well as multi-band photometry of the cluster as devho

or over some stellar mass ranges; the Li lines can only be m&&x present paper reports the analvsis of these data
sured for rather bright objects observable using mediumiues P hap P y '

Send offprint requeststo: G. Rauw 2. Observations

* Based on observations collected at the European Southern . .
Observatory (ESO, La Silla, Chile). ow-resolution spectra of a set of X-ray selected stars in

** Table 2 is only available in electronic form at the cpNGC 6383, taken from Paper |, were obtained on the night
via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or V@ June 22-23, 2004 with the EMMI instrument mounted on

httpy/cdsweb.u-strasbg/fgi-birygcat?JA+A/ ESO’s 3.5m New Technology Telescope (NTT) at La Silla.
*** Research Associate FRS-FNRS (Belgium) The EMMI instrument was used in the Red Imaging and
t Research Director FRS-FNRS (Belgium) Low Dispersion Spectroscopy (RILD) mode with grism # 5
* Postdoctoral Researcher FRS-FNRS (Belgium) (600 grooves mmt), providing a wavelength coverage from

Correspondence to: rauw@astro.ulg.ac.be about 3800 to 7020 A. This instrumental configuration yields
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Table 1. The filters used in the photometric campaigns withthe 2 5 — EREEma — —
WFI.

Filter ESO number
] BB#U/50.ESO877 2
B BB#B/123 ESO878
\% BB#V/89_.ES0843
R. BB#Rg162ESO844
le BB#1/203.ESO879 15

Ha  NB#Halphd7_ESO856

a spectral resolution of 5.0 AF{HM of the He-Ar lines in the ™
wavelength calibration exposures). The targets selected f
spectroscopy were the brightest X-ray sources found to have
single optical counterpart within the 8 arcsec correlatiaaius
used in Paper I. ThelY magnitudes range from about 11.3t0 (.5
17.9. The exposure times were between 5 and 40 min depending

on the magnitude of the targets. The data were reduced in the
standard way using th&ong context of themmas package.
The observing conditions were photometric over most pdrts o 0 — |

the night and we thus performed a relative flux calibration of 1
our spectra against an observation of the spectrophotmmetr By
standard star LTT 9239 (Hamuy etlal. 1992).
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Photometric observations of the cluster were obtained wiBlig. 1. Comparison between tHg— V colour index in the WFI
the Wide Field Imager (WFI) instrument at the EMPG 2.2m system and the standard system for 156 stars selected assthe b
telescope at La Silla during two observing runs in Septembelnserved among those in common with Paunzen el al. [2007).
2003 (service mode) and June 2004 (visitor mode). The WFI ilhe solid line yields our best-fit colour transformation.
strument has a field of view of about’3433 covered by a mo-
saic of 4x 2 CCD chips with a pixel size of 0.238 arcgaigel.

The frames were taken through a setbBV (R1)c He filters  spectral types to establish precise colour transformatfosm

(see Tablgll) with various exposure times (from 1 second fgese standards. Therefore, we compared our WFI photometric
about 10 minutes, depending on the filter) to allow measurgata in the natural system with published Johnson-Cousias p
ments of both faint and moderately bright objects. Our photgymetry of stars in common in NGC 6383. In this context, we
metric data are complete to magnitudes of about 20.5, 22.6, 2 astaplished a colour transformation (Fy. 1) based on tine- co
21.5, 205, and 20.5 for the, B, V, Re, I, and Hu filters, re- parison between OLWWFI magnitudes anda_ V)WF| colours
spectively. and the standarBV photometry for 156 stars in common with

The data were bias subtracted and flat fielded usingrttre the (online) Table 1 of Paunzen et al. (2007). The resultitgyr
package. The raw images consist of dithered observations agyns ar@

formed to fill the gaps between the WFI CCDs. The photometry

in the natural system was obtained with the@puor software (B- V) =_0227+ 1418 B - V)"F,
in two steps: a first pass on stacked, registered images in all
filters allowed us to produce a deep catalogue of sources. In a Vst = yWFI L 0,053 0,101 B - V)WF'.

second pass, the photometry of these sources was obtained fo

the individual CCDs with apertures of 4, 5, 8, and 11 pixel difhe codficients of the colour terms of these relations are in rea-

ameter (i.e., 0.95, 1.2, 1.9, and 2.6 arcsec). The largetuape sonable agreement with those proposed by ESO on the WFI in-

data were used to perform all-sky photometry. After a numbgtrument websife Unfortunately, there are much fewer avail-

of iterations, satisfactory zeropoints and extinctionfionts able data for the calibration of th¢, R., andl. filters. We there-

were obtained. To determine the latter, seven StetBANR1) fore adopted the cdicients of the colour terms following the

and Landolt BV RI) standard fields were observed during thgansformations given by ESO and only determined the zero-

same nights. In additioty BV RI data for 8 stars in NGC 6383 points by comparing the WFI with the existing standard cadour

were obtained from FitzGerald et al._(1978),€Tat al. (1985) of seven stars. The resulting relations are

and Zwintz et al.[(2005). The data of the individual frameseve

then homogenized using bright isolated stars as secontiary s (y — vy = 1,08 U - V)"F' + 0.002+ 0.02 B — V),

dards with values determined from the all-sky photomethe T

astrometry was established by matching the instrumentat co std _ WFI std

dinates with the 2MASS point source catalogue. The 1.2 arcse (V- Re)™=098( - R™" +0017-009 (B - V)™,

aperture is well suited to our analysis in terms of both accu- (V- |C)std - 0.94(V - |)WFI +0.023-0.08(B - V)std.

racy and sensitivity to crowding in the field. In the followinve

use the photometry corresponding to this aperture, exceedW 1 The zeropoints in these relations only apply to our reduction of this

stated otherwise. specific data set and cannot be compared to other reductions of other
The passbands of the WF filters, and in particular that of tlveF| data.

B filter, are rather non-standard. Unfortunately, the lighitem- 2 httpy/www.eso.orgscifacilities/lasilla/instrumentawfi/insyzero-

ber of observed standard stars did not coverfAcent range of pointgColorEquations
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Fig. 2. Left and middle panel: flux-calibrated spectra of the F-Ketygars in our spectroscopic sample of NGC 6383. The fluxes
were arbitrarily normalized to unity at the wavelength o268\ and the spectra were shifted vertically by 0.4 units farity.

The spectral types become progressively later from lefigiot and from top to bottom. The rightmost panel shows a zoarthe
spectral region around theaHine for those stars that are emitters or emission candidate

In the following, we applied these transformations to albaf 3.1. Late-type stars

data. Unless stated otherwise, all colours given in thigpegfer

to the transformed coloufk. For most stars of our spectroscopic sample, isl detected in
)sorption. The exceptions are stars #20, 25, 50, and jpssib
7 and 39. We checked the existence of these emission lines

on the original two-dimensional long-slit spectra to avioicor-

rectly identifying a cosmic ray hit or poorly corrected nkbu

Ha emission. Although nebular emission exists around all tar-

: - _ _ gets of our sample, it is removed by sky subraction and the neb

the zeropoint by comparing the observd— Ha and dered ular line is too weak to account for the strength of the obsgrv

denedV - | indices of 9 stars whose spectra do not exhihit H . i X
emission with théx. — Ha versusV - | relation of emission-free stellar emission features. We emphasize that the siroagest
n is seen in the spectrum of the counterpart of X-ray sourc

main-sequence stars in NGC 2264 as determined by Sung eia)_ This object experienced an X-ray flare during XiM-

gllg‘nggjl;;) S\;(ep;]?esdt?gcsuSgg?ﬁf&%geﬂzﬁt&n{; 8;?32/985 tNevvton observation (_see Paper I). The situations for stars #57

indices. All values of thek, - Ha index quoted in this paper (1% 727 2 1% 0 o JEG S0 e 12 ot

2333'# plots involving this index refer to the Sung et al. 97 the Hx line with heliocentric velocities 0£564 and-71km s

' Although our inspection of the 2D-spectra confirmed thas¢he

features are not artefacts, the detection of this blueshémis-
sion structure needs to be confirmed by additional obsensti
Finally, in the spectrum of star #39, a broad absorptionufeat

3. Spectroscopy is observed blueward of thea-rest wavelength, while the line

itself seems to be filled in by emission.
To establish the MK spectral types of the targets in NGC 638%, . y . . L
All spectroscopically observed objects witlxlemission in

we used the digital spectral classification atlas compileR I©. k :
Gray available on the wBbThe details of the classification areN€ir spectrum are of spectral type K (see Elg. 2), while tailss

iven for each star in AppendiXA. The results are summariz@§€arlier spectral type display thexine in absorption. We also
?n Tabld3. ppendix note that the equivalent widths (EWs) of these emission knes

rather modest. For instance, they are much weaker than the 10
late-t F-K . liahl lumi N %E'quivalent width conventionally adopted as the limit betwthe
ate-type (F-K) main-sequence or slightly more luminouss objects of the wTTS and cTTs categories (e.g., Preibisch et a

(see FiglR and Tab[é 3). The exceptions are the mid B-tyjfé st3 ; ;
#56 and the early-type B star #76 (see Hg. 3). 2001). Therefore, these objects are candidate wTTs.

Although the spectral resolution of our data is iffisient
to resolve the possible Li16708 line from the neighbouring
3 Table 2 with the standard photometric data of those sources that G lin€s, we note that the spectra of the majority of the targets
detected in all filters is available at the CDS. later than spectral type F (especially stars #1, 16, 25, 89, 5
4 http://nedWWW.ipaC.Ca|tech_eﬂaveyGraV’frameslhtm| 57, 65, 67, and 70) dISplay a rather Strong abSOI’ption feattur
5 Throughout this paper, we shall use the numbering convention ffe wavelength of the Liline. The unresolved blend with the
troduced in Paper | to designate the X-ray sources in the cluster, exdept lines probably accounts for the asymmetric shape of the ob-
when stated otherwise. served profiles. The possible detection of Li in the spedtthe

Because of its special passband definition and a lack of s
able standard fields, thedHfilter in use at the WFI cannot be
directly tied to any existing standard photometric systenthe
natural system, thB;—Ha zeropoint was at first fixed arbitrarily
to zero for the standard stars. In a second step, we re-atdibr
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late-type stars of our sample is compatible with a PMS statgure of the emitting plasma in the range 0.3 — 2 keV. Assuming
We note that all spectra (except #56 and #76) display a signdidistance of 1.3 kpc, the resulting X-ray luminosity amsuot
cant absorption feature at about 6104 A. This feature ikelyli (1.7+0.4)x 10° erg s, which places this object clearly among
to be associated with the Li line observed in Populationdtsst the X-ray bright late B-type stars (see e.g., Béfgh et al[ 1997,
whose intensity should be very weak (see e.g., Ford gf aP)2005ana et al. 2006b, and N&i2009). We note that this value of the
This absorption could instead be caused by a blend 0fi&a03 X-ray luminosity would also be rather high if the emissionswa
with Fer. originating in an unresolved PMS companion.

Finally, we emphasize that star #55 FJL 23) was previ-
ously suggested to be a foreground objectq Tt al.[1985;
Rauw et al["2003), but this conclusion is not confirmed by odr Photometry

present analysis. The photometric and spectroscopic giepe .
of this star are indeed consistent with it being a member photometric data for a total of about 80000 sources were ex-

NGC 6383. tracted. We have cross-correlated these data with the 2MASS
near-IR catalogue (Skrutskie etlal. 2006) and found aboQ008
matches within 0.5arcsec, 7000 of which have good quality

3.2. Early-type stars near-IR photometry. Among the latter, 2639 objects have rel

. ble WFI photometry in all filters including thedHilter.
The OB star #76 appears heavily absorbed and must theref%reCluster members fainter thavi ~ 11 are expected to be

belong to a population of stars located behind NGC 6383. Our_ ~ "~ ~ . ) i
photometric measurements indeed yiEl@ — V) ~ 2.5 for this r')ﬂre main-sequence objects. Unfortunately, these objemps

. . late a region of the colour-magnitude diagrams that is piatiyn
star. The NGC 6383 cluster is understood to be located it &fon . : :
a dust cloud (Lloyd Evaris 1978) and star #76 is therefordyfik highly contaminated by field stars unrelated to NGC 6383 (see

) ; e ; . eFig.[Z). Since the cluster is probably located in front of atdu
a background object located either inside or behind thisctlo cloud, we expect the background objects to appear redder tha

the true cluster members.

4.1. Cross-correlation with the X-ray catalogue

3 L
- We cross-correlated the catalogue of X-ray sources froneiPap
L | with the list of sources detected in our photometric data. T
L derive the optimal correlation radius, we applied the témpinm
i of Jdfries et al.[(1997). In this approach, the distribution of the
5 L cumulative number of catalogued sources as a function of the

cross-correlation radius is given by

456 @d<rx) = A [1— exp( "X H

_X
202

476 + (N-A) [1-experBry)|.

F, (arbitrary units)

H
\

whereN, A, o, and B indicate, respectively, the total number
of cross-correlated X-ray sourceN & 76), the number of true
correlations, the uncertainty in the X-ray source positiand
the surface density of the catalogue of photometric soufides
oo‘ 7000 best-fit model parameters ate= 57.8, 0 = 1.8 arcsec, an® =
1.22x 1072 arcsec?. The latter value (independently determined
from the best fit to the cross-correlation process) is inaeabkle
agreement with the true mean surface density of our photamet

2 2
Fig. 3. Flux-calibrated spectra of the two early-type stars in Olﬁ:latalogue (,:8 x 107 arcsec )- , ) ,
spectroscopic sample of NGC 6383. Star #76 probably has n The optimal correlation radius that includes the majority o

earlier spectral type than #56, but is much more absorbed. A€ trué correlations whilst simultaneously limiting camtina-
fluxes are presented in the same way as inFig. 2. tion by spurious coincidences to about 15%, is found to berbo

5arcsec. The following X-ray sources have no optical caunte
part in our photometric data: #4, 5, 18, 19, 21, 26, 28, 40, 71,
The case of star #56(FJL 24, FitzGerald et &l. 1978) is alsoand #72. Some of the sources (e.g. #14 and #36) which had no
quite interesting. Mid to late-type B stars are usually nodrgy  counterpart in the USNO catalogue (see Paper [), now have a
X-ray emitters. Using the bolometric correction for a B5-%ter faint optical counterpart in our data. We note that HD 159176
and the X-ray flux from Paper I, we derive a log/Lyo value (X-ray source #44) is too bright to be reliably measured in ou
of —5.13 + 0.11 for this star. To evaluate the X-ray luminosityphotometric data and was thus not included in the correiatio
we converted the EPIC-pn count rate given in Paper | into g@amocess.
unabsorbed flux of (8 + 1.9) x 10 **ergcn?st in the 0.5 — The colour-magnitude diagrams shown in Eig. 4 indeed con-
10 keV band, assuming a thermal plasma at a temperature offkin that the bulk of the X-ray sources with an optical counter
= 0.5keV and an absorption by an interstellar neutral hydrogeart populate a locus where PMS stars are expected. We @ote th
column of 191 x 10?*cm2. We note that our estimate of the X-these diagrams also include the 44 PMS candidates iderttified
ray flux would change by less than 20% regardless of the tempRaunzen et all (2007) on the grounds of photometric criteria

1 1 1 1
4000 5000 60
Wavelength (A)
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Table 3. Summary of the properties of the targets of our spectroscggonple. The last column yields the cross identificatiom wit
objects previously studied by FitzGerald etlal. (1978) a6 agesome information about objects witlwteémission.

Star Spectral Type ] \Y B-V V-I. R -Ha Notes

#1 KOV abs. 15.04 1.16 145 -470

#3 F5V abs. 13,51 0.77 1.07 -477

#16 GO-5 V-1V abs. 14.96 1.10 1.37 -472

#20 KOV em. 15.84 1.25 1.67 -472 EW = -1.0Av=85kms!

#25 K2V em. 15.09 1.25 1.62 -454 EW = -05Av=5kms?

#39 K2—-4V P-Cyg? 15.15 1.25 1.54 -470 =FJL9

#50 K7V em. 17.88 1.61 2.09 -465 EW = -3.0Av=-14kms?!

#54 G7V abs. 12.77 0.85 1.00 -4.71

#55 GO-11V abs. 13.81 0.97 1.20 -4.72 =FJL23

#56 B5-7V abs. 11.35 0.26 0.40 -4.85 =FJL24

#57 KO-51II double peak em.? 15.49 1.25 1.56 -4.72 EW = -0.3Ayv=-564,-71kms?

#65 G5 V-l abs. 14.02 1.05 1.30 -4.72

#67 G5-K0V abs. 1421 0.91 1.12 -4.65

#70  G5-KO V- abs. 15.19 1.08 1.33 -4.75

#76 09-B5 abs. 17.81 2.21 2.89 E(B-V)=~25

6 T T T 5 T
10 — —
= L i

15 — —
20 — —

Fig. 4. Colour-magnitude diagrams of the WFI photometric data witbrs of less than 0.15 ovi and less than 0.21 in the relevant
colour. Single and multiple counterparts of the X-ray searitom Paper | are shown as filled and open squares, resggctvhile
the PMS candidates from Paunzen etlal. (2007) are shown ascopkes. The main-sequence relation was shifted to acdoua
distance modulus of 10.57 and a reddenindg=( — V) = 0.32. The reddening vectors are shown for each diagram anchtre s
and long-dashed lines yield the 1.5 and 10 Myr isochronepgmively, from Siess et al. (2000).

4.2. Near infrared photometry With | = 35569 andb = +0.04°, the NGC 6383 field lies
just outside the area investigated by Nishiyama et[al. (009
their study of the extinction law towards the Galactic cen

tre. Nevertheless, we assume here that their results gty tap
ur targets. In doing so, we find that the apparent redderfing o
e objects in the field of NGC 6383 spans a very wide range:
Boout 2.4 inAgs, which corresponds roughly to 20 magnitudes
in Ay. It is most interesting that there appears to be a continu-
Bus distribution of reddening values. We already pointetdioat
the cluster is likely located at the front side of a large moler
. X . cloud. The results in Fig] 5 imply that we observe a poputedib
locus of dereddened colours of classical T Tauri stars 8@Qr ., ,ces from dferent d@epthsﬁr?side this molecularpclgud. This
to Meyer et al.[(1997). situation compromises any attempt to define a straightfiatwa
6 httpy/www.ipac.caltech.ed@masgndex.html cluster membership criterion based on the reddening.

Based on the cross-correlation with the 2MASS data, we
compile a near-IR colour-colour diagram. For this purpose,
applied the colour transformations of Carpenter (2001 atgyd
in 2008) to convert the 2MASS colours into the homogenize
JH K photometric system of Bessell & Brett (1988). The resul
are illustrated in Fid.]5. In the left panel of this figure, wew
theJH K colour-colour diagram. The heavy solid lines yield th
intrinsic colours of main-sequence stars and giants aguptd
Bessell & Brett|(1988), while the dashed straight line yietide
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Fig. 5. Left panel: colour-colour diagram of the 2MASS counterpaftthe WFI objects. Only those sources with reliable near-IR
photometry are shown. The solid lines yield the locus of tteénrsequence and of the giant branch according to Besselieft B
(1988), while the dashed straight line indicates the lodtiseounreddened cTTs following Meyer et al. (1997). The eddg vector

is shown forAxs = 0.5. Middle panel: Location of the X-ray sources from Paperllediand open squares), PMS candidates from
Paunzen et all (2007, open circles) and éitters & symbols) and candidates §ymbols) in thel H K colour-colour diagram.
The other symbols have the same meaning as il Fig. 4. Rigkt:moiour-magnitude diagram. The main-sequence is showa f
distance modulus of 10.57 and for threéelient values of the reddening (from left to righks = 0.0, 0.5, and 1.0).

In the middle panel of Fif]5, we have also plotted the neaid for cTTs, corresponds to & — Ha index Q24+ 0.04 above
IR counterparts of those stars that are either selected ray X-the main-sequence relation.
sources, PMS candidates from Paunzen &t al. (2007)y @nhit- We therefore consider a star as am emission candidate if
ters (see next subsection). This figure shows that the vgst-maijts R, — Ha colour index is between 0.12 and 0.24 above the
ity of the X-ray sources are subject to a rather moderateer®dd main-sequence relation (corresponding roughly to an EW be-
ing. At the same time, we find no obvious correlation betwegyeen 6 and 10A) and as anotemitter if the corresponding
Ha emission and the existence of a near-IR emission: the majgkiour index is more than 0.24 above the main-sequence rela-
ity of the possible ¢ emitters (see Secf.4.3) have rather normghn_ | this way, we arrive at a list of 924Hcandidates and
near-IR colours. 592 emitters. If we restrict ourselves to stars with photine

Finally, the rightmost panel of Figl 5 displays the colourerrors of less than 0.15 mag¥hand less than 0.21 iR; — He,
magnitude diagram, where the main-sequence relation feas béese numbers become 475 and 189 for thecendidates and
shifted for a distance modulus of 10.57. Again, the existasfc emitters, respectively. The 0.06 mag uncertainty in thepaint
a wide, continuous range of interstellar reddening is cpiitei-  Of theRe — Ha index translates into an uncertainty of a factor 1.8
ous. We note that the reddening of the bright cluster membéghe numbers of emitters and candidates.

(E(B-V) = 0.32) corresponds roughly txs = 0.11. Since the objects in our data appear to have a range of ex-
tinction values, we checked that our selection criterionHa
emission is not biased by false detections which could bsezhu

4.3. Ha emission candidates identified from photometry by a heavy reddening that produces an artificially Hgh- Ha
index. To do so, we evaluated &2 —Hq colour index, which

According to our current understanding of classical T Tatans, has a diferent sensitivity to reddening than d®y—Ha criterion.

these objects are surrounded by a circumstellar disk tiatris  The vast majority of objects selected with the Sung ef aBT)9

cated at its inner edge by the stellar magnetosphere. Mdiseof criterion are also identified as candidates or emitters raaog
time, cTTs accrete at a rate well below 88, yr~* and their tg the &2 _ Hy colour.

Ha emission qrig!nates in accretion streams that are coattoll Frorr12 Figl®, we see that neither the Paunzen e{al, {2007)

by the magnetic field (see e.g., Schulz 2005). PMS candidates nor the X-ray sources display strongehhis-

We used thd. — Her index, calibrated against the Sung et alsion: there are only half a dozen X-ray sources in theerhitter
(1997)R.—Ha versusvV-I. main-sequence relation (see SELt. 2Jegion. We note that those objects for which our spectrosoep
to identify potential K emitters. The relevance of the Sung et akealed (rather weak) dlemission are not identified as emitters
(1997) relation for our dataset was checked using syntpatie in our photometric data. This suggests that wTTs will b@-di
tometry, obtained by numerical integration of the spedimep cult to identify with narrow-band photometry (see also Datam
tometric data of main-sequence stars from Jacoby et al4§198$imon[2005 for a comparison of théfieiency of narrow-band
through the WFN andHa filter passbands. The operation waghotometry and slitless grism spectroscopy to identifykuda
performed for stars of spectral types from B4V to M5V. Ouemitters).
synthetic photometry is in excellent agreement with thegSein Whilst many emission candidates and emitters are rather
al. main-sequence relation. We then repeated the integrhii faint objects, we see thatd-emission is apparently not restricted
adding an k¥ emission line of increasing equivalent width to theo only the faintest (and hence least massive) stars. A few ob
Jacoby et al.[(1984) spectra. In this way, we found that an Hects as bright a¥ ~ 10 — 11 are identified asddemitters. The
equivalent width of 10 A, which is usually adopted as theshre brightest is the Be star HDE 317861 (B3 - 5Vne, Lloyd Evans
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Fig. 6. Left: theR. — Ha index is shown as a function of the- | colour. The symbols have the same meaning as i Fig. 4. Thk sol
line indicates the relation for main-sequence stars asitiken Sung et all(1997) and reddenedEl — I) = 0.512. The short-
and long-dashed lines yield the thresholds far¢andidates and emitters, respectively. RightersusR. — Ha colour-magnitude
diagram. Thet andx symbols representdlemitter candidates and emitters, respectivley.

1978) withV = 9.76 andR— Ha = —4.32. Whilst the Herbig Ae western part, while there is a paucity ofldmitters in the south-
star FIL 4 £ V 486 Sco, A5 llIp, Tle et al[ 1986) is classified aswest and to the east of HD 159176. This can be quantified for
a candidate H emitter with our criteria, indications of emissioninstance by comparing the north-west and south-east guisdra
are found in neither our photometric nor spectroscopic datathe former contains a total of 1951 objects with good photeme
FJL 24 & X-ray source #56, B5-7). We note that the latter olric data, 18% of which are either emitters or candidatesyed®e
ject was classified as B8 Vne by FitzGerald et al. (1978),esinthe latter contains 3056 good quality objects only 3% of Wwhic
one observation out of six analysed by these authors displayare selected asddemitters or candidates. The lack oftémit-
HB emission. Our spectrum of this star exhibits strong Balmé&srs and candidates in the south-east is particularly simgr
absorption lines (see F(g. 3). because this region has the highest density of stars. Treref
I . . the paucity of emitters cannot be attributed to tifie@ of in-
The presence of #lemission does not automatically imply rstellar absorption. Although projectioffftects could play a

e ot tance ou" =" Ble, we note tha unlike our indings for Xay emiters (see
Y 9 » Mag Baper ), there is no clear concentration af Belected stars in

ically active, dMe stars, unrelated to the cluster. Thedantce he ol e ide th h ial density of
f dMe stars (with an B EW > 1 A) increases towards Iowert e cluster coe Outside the core, the mean spatial density o

0 dh lat el § Hawlev st 3l emitters and candidates are 0.08 and 0.26 arciniespec-

masses and hence later spectral types (see Hawleylet al. v. Taken together, these numbers are higher than egec

and reftlarences th?reing: th't\a/lgbts)eryed frequency isdab%talo from the predicted maximum number of foreground dMe stars
spectral types earlier than M2, but increases towards diii#t 0.13 arcmin?), indicating that the distribution of & emitters

around spectral type M5. Furthermore, the dMe stars of the eg candidates must be related to the properties of theecloist
lier spectral types appear on average 0.5 mag brightekiand its background.
My than their dM counterparts (Hawley et al. 1996). An esti What is the reason for the lack of accreting PMS stars in

mate of the number of foreground dMe stars can be obtained!ﬁ%
: . - south-western and eastern parts of the halo of NGC 6383, a
following the same approach as Dahm & Simon (2005), basm erred from the position of b emitters and candidates? One

on the stellar luminosity function of Jahreil3 & Wielén (1997 ibilitv is bhot i fth tonlanetarkdiby ei

and the dMe incidence of Hawley et dl. (1996). In this way, osst|h| 1y Its pno (L)Je\\/'aE%r\a} |on((j)f eU[i/rolé)S\?n_e a&}k t'l Y ?"

arrive at an estimated number of 151 foreground dMe stars. gro ?ex rl;;me— |-||;§1591)7a6n ?rr] ELSV FL)Jl\r/ra ?;?n romf

note that this number is an upper limit, since the reddenirg dthg ce-n>':rpael Pll\r/]lgr)étar itself Theolrorn?etf@:t,was ;’jtler:jicte-(tla%se-0

to interstellar material along the line of sight towards N&383 ticall d H : disks with i P il be

was not taken into account in this evaluation. oretically, and evaporating dISks with cometary tails we

served withSpitzer in three cases at distances between 0.1 and

A strong contamination by foreground dMe objectajsri- 0.35pc from an O-star (Balog et al. 2006, 2008 and references

ori expected to produce a rather uniform spatial distributibn therein). However, in NGC 6383, severalvl¢mitters are rela-

Ha selected stars across the field of view. However, the spatial

distribution of the K emitters and candidates is far from uni- 7 knharchenko et al[(2005) estimate a core radius of 4.8 arcmin and a

form (see Fid.7). Indeed, the density of emitters is higloer tcorona radius of 15 arcmin for NGC 6383, while Piskunov efal. (2008)

wards the north of the field of view and especially in the nortlevaluate a tidal radius of at least 30 arcmin.
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Fig. 7. Left: three-colour image of the NGC 6383 cluster compilexrfrour WFI photometry. Right: spatial distribution of therH
emitters & signs) and candidates &igns). The large dot in the centre of the field indicates thitipn of HD 159176, while the
open circles represent the X-ray sources taken from Papkrth is at the top and east is on the left.

tively close to the O-star binary. We found &témitters and 19 Assuming a distance modulus of 10.57 and a reddening
candidates within 5 armin of HD 159176, which corresponds #(B-V) = 0.32 for the cluster members (see Rauw & De Becker
a linear radius of 1.9 pc at the distance of 1.3 kpc. Therefoee and Sedf] 1), we built the Hertzsprung-Russell diagrhm
would have to assume that the photoevaporation occursrprefee X-ray sources, the PNZ objects, and the $¢lected stars.
entially along certain directions anéfects the cluster halo moreTo do so, we evaluated thé&fective temperatures and bolomet-
efficiently than the core, which is rather unlikely. Concerrimg ric corrections by means of a linear interpolation of the yan
second fect, Gorti & Hollenbach'{2009) predict photoevapora& Hartmann (1995) tables as a function & £ I.)o. The results
tion of the accretion disk by irradiation of the PMS star with are shown in Fid.]8. Whilst some of thert$elected objects form

a rather short timescale of about 1 Myr. If the emission mesaswa continuation of the locus of the X-ray and PNZ objects, the m
of the X-ray emitting plasma correlates with the EUV emissiojority of the Ha emitters are located below this locus. This result
measure of the PMS star, this second scenario could, at laasist be caused by the contamination of our$ample by fore-
qualitatively, explain why the most prominent X-ray emissis ground dMe stars or background objects located inside dnbdeh
observed from wTTs. This photoevaporation caused by mradithe molecular cloud. Since our attempts to establishficient
tion by the central star itself should howevefeat PMS stars and self-consistent membership criterion failed, we adtep-
irrespective of their position in the cluster. This sceaatbone is plied a rough selection based upon the- K colour and the
therefore insfficient to explain the complex distribution ofeH position with respect to the cluster core. By selecting @térs
emitters. with J — K < 1.5, which is roughly equivalent tdx < 0.54,

An alternative could be that our sample is heavily contanand within the 5arcmin radius of the cluster core, we obtain a
inated by background objects. For instance, we could be atbeaner Hertzsprung-Russell diagram where thechhitters are
serving the edge of another star-forming region to the nofth now mainly in a lower mass continuation of the locus of PNZ
HD 159176. We tested this possibility by considering thetispa and X-ray selected PMS stars.
distribution of objects with higld — K indices § — K > 2.5) that
hence are potentially highly reddened background staris Th
distribution reveals a lack of objects in the south-westjsath- There are a number of available theoretical PMS tracks that
erwise rather uniform. Therefore, while it is likely thatr@am- we can compare with our data. The various evolutionary codes
ple is highly contaminated by a population of backgroundsstadiffer in many respects and the most importaffitedences con-
we see no peculiar pattern in the spatial distribution ohlyig cern the opacities, the equation of state, the treatmehedftel-
reddened stars. lar atmosphere, and most importantly the treatment of aonve
tion (see the discussions in Siess efal. 2000). Here, weechos
to compare our data with the results of fouffdient models:
the 1997 version of the tracks of D’Antona & Mazzitelli (1997
From the various colour-magnitude diagrams presenteddn thereafter DM97), the Siess et &l. (2000, hereafter SDF0P) ca
previous section, we find that the X-ray sources and the Raunzulations, and both the standard and rotating, models oflinan
et al. [2007) PMS candidates (hereafter the PNZ objectdhare et al. (2009, hereafter LMV09). Whilst the DM97 computations
best candidate cluster members, whereas thedission crite- use the full spectrum of turbulence (FTS) approach to treat ¢
ria select a population that could contain a significanttfomoof ~ vection, the other calculations considered here rely atbten
background objects as well as some field dMe stars. the mixing length theory (MLT). Theseftierent treatments ob-

5. The Hertzsprung-Russell diagram
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T piled the histograms of the ages of the PMS candidates by com-
paring with the isochrones of the various models (see thétses

in Fig.[ and Tablgel4). We emphasize that the age distributfon

- the Hx selected stars would actually be meaningless because, as
i stated above, this selection criterion probably fails toperly
identify cluster members.

_ Table 4. Mean ages and standard age deviations (in Myr) for the

SE various samples of PMS candidates in NGC 6383.
f X-ray selected PNZ objects
| mean stand.dev. mean stand. dev.
DM97 1.9 25 2.6 4.0
7 SDFO00 3.8 3.0 2.8 2.9
4 LMV0O9std. 2.1 2.6 1.9 2.9
LMVO9 rot. 1.7 2.3 1.8 3.0

Lo Figurd® shows that the DM97 isochrones indeed vyield a
3 4 strongly peaked age distribution (especially for the PNZ ob
jects). We note that this information is not obvious from the
1Og<Teff) standard deviations listed in Table 4, since the few ouwstlar
ages of 10 Myr and older have a strong impact on these param-
eters. Although the quantitative picture depends upon toe e
B i lutionary models in use, we note that the X-ray sources aad th
PNZ objects have essentially identical age distributioécty
are strongly peaked below 5 Myr and the likely PMS stars have
a mean age between 2 and 3 Myr. From the observational point
of view, the combined uncertainty in cluster distance art} re
dening (as inferred for the brighter cluster members) artsoun
to 0.18 mag, which introduces an uncertainty of about 0.4 Myr
in the cluster age. The latter number is well within the dispe
sion of the ages implied from the comparison with th@edent
evolutionary models.

Our results are in reasonable agreement with the upper age
limit of 4 Myr inferred by Paunzen et al. (2007). We note that
FitzGerald et al[(1978) derived a younger cluster age. pfl
0.4 Myr. The diference may originate from the use offdrent
PMS isochrones or the work of FitzGerald et [al. (1978) being
restricted to the brighter cluster members only.

Finally, we estimated the age of the central early-typeryina
HD 159176 from the fective temperature and bolometric
luminosity determined by the spectral analysis of Linder et
al. (2007). The bolometric luminosities were computed by

assuming tha#, = 0.96 andDM = 1057, while the #ec-
log(Teﬁ) tive temperatures were adapted from Martins et [al._(2005)
following the spectral types derived by Linder et al. (2007)
Fig. 8. Top: Hertzsprung-Russell diagram of the X-ray sourcesince HD 159176 is probably a detached binary system, binary
PNZ objects, k emitters, and candidates. The PMS evolutiorfvolution éfects are unlikely to have played a major role in
ary tracks are taken from Siess et &I, (2000) for masses pf (3 evolution of the system to date. Therefore, we compared
0.3,0.4,0.5,0.7,1.0, 1.5, 2.0, 2.5, 3.0, 4.0, 5.0, 6.0,7a8d/1,. the position of the stars in the Hertzsprung-Russell diagra
The thick solid line illustrates the zero-age main-seqeeaiud  With the single-star evolutionary tracks of Meynet & Maeder
the dashed lines yield isochrones for ages of 0.5, 1.5, 8.0, 1 (2003). Depending on whether we use the evolutionary tracks
and 20.0 Myr. The symbols have the same meaning as ifiJFig"gth an initial equatorial rotational velocity of 0 or 300 ks,
Bottom: same, but with the selection criteda- K < 1.5 and W€ estimate the age of the system to be in the range 2.3 —

position within the 5 arcmin radius of the cluster core aggplio 2-7 My, in good agreement with the&:+ 0.5 Myr estimated
the Hy emitters and candidates. by FitzGerald et al.[(1978). As a result, we find that the age

of the massive binary and the mean age of the PMS stars are
reasonably consistent with a single star-formation evbatib2
viously lead to quantitative ffierences in the PMS tracks, and- 3 Myr ago.
one expects conflicting results when empirically deterngrihe
ages of observed PMS stars. For instance, D’Antona & Mdizitel We emphasize that many objects meet more than one PMS
(1997) argue that the FTS approach generally yields a loger ariterion simultaneously. This is the case for the X-rayrses
spread than the MLT. With these limitations in mind, we com¥#16, 20, 25, 39, 42, 47, 51, 57, and 63 that appear in the list of

Mbol
T
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4.4 4.2 4 3.8
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Appendix A: Notes on individual stars

Star #1: the strength of the G-band and the ratio F4325Hy suggest a KO

spectral type. The strength ofiivA 4376 relative to Fe14383 and the general
appearance of the violet-system CN bands and Baand K lines indicate a
heain-sequence or slightly brighter luminosity class. We #uispt a KOV spec-
tral type with an uncertainty of about two spectral subtypes

n-  Star #3: the strength of the H8 line compared to thetGlzand K lines, the

cerée - Aca@mie Wallonie - Europe. This research made use of data produstsength of the (weak) G-band, and the relative importaneceetéllic line spec-

from the Two Micron All Sky Survey, which is a joint project tfe University

trum indicate an F5 spectral-type. The weakness of the1@i077 line indicates
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a main-sequence or subgiant luminosity class. We thus gfabsifstar as F5V
with an uncertainty of two spectral subtypes.

Star #16: the strength of the G-band and the €4227 line as well as the
ratio Fer 14329Hy suggest an early G (G0-5) spectral type. The strength of Sr
14077 suggests either a subgiant or giant luminosity class.stiength of ¥
14376 relative to Fed 4383 is instead indicative of a main-sequence luminosity
class. We thus adopt a GO-5 V-1V spectral type.

Star #20: the strength of the G-band and the ratio F4325Hy yield a
spectral type of about KO. The strength ofuSt4077 compared to the nearby
Fer lines suggests a main-sequence or slightly brighter lumiyoksiss. We thus
classify this star as KOV with two subclasses of uncertaifitye star exhibits
a rather strong W emission above the continuum with an equivalent width of
about-1.0A.

Star #25: the same criteria as for star #20 yield an early to migéctral
type. The strength of $r14077 compared to the nearby Henes suggests a
main-sequence luminosity class. This is also in agreementthéttstrength of
Y u 14376 relative to Fe14383. We thus adopt a K2V spectral type with an
uncertainty of about two spectral subtypes. Thelide is seen in emission above
the continuum with an EW of0.5 A.

Star #39: the strength of the G-band indicates that thisnstet be earlier
than K5, whilst the weakness of the Balmer lines and the rdtieeo1 4325Hy
suggest a spectral type later than KO. Considering alsoghergl appearance of
the spectrum, we favour a spectral type K2-4. The same crisriar star #25
indicate a main-sequence luminosity class. We thus adopt&\K&pectral type.
While no Hx emission is seen above the continuum, there is also no almorpti
at the wavelength of bl. There is an absorption towards the blue, suggesting a
kind of P-Cygni profile.

Star #50: the strength of the €a4227 line and the MgH feature at 4780 A
suggest a late-K main-sequence type, whilst the lack of lei§itD bands indi-
cates that the star must be earlier than MO. We adopt a K7 Vrgpégpe with
an uncertainty of at least two subtypes. A strong (EW3.0 A) He: emission is
detected.

Star #54: the strength of the G-band and the €4277 line as well as the
ratio Fer 14325Hy suggest a late G spectral type. The strength of 54077 as
well as the strength of ¥ 14376 compared to Fel 4383 yield a main-sequence
or giant luminosity class. We thus adopt a G7 V spectral tyjtk am uncertainty
of two subtypes in spectral type.

Star #55: the same criteria as for star #54 yield an early-@,t@0-5, but
closer to GO. The strength of the ;i Fenr 14 4172-78 blend, as well as of
the Sm 14077 line suggest a subgiant luminosity class. We classify star
accordingly as GO-1 V.

Star #56: as inferred by the presence ofiliees, this object is a B-star.
The intensity ratio He 14471 versus Mg 14481 as well as the strength of
the Cau K line indicate a spectral type B5-7. The rather broad Balrmezs!
suggest a main-sequence luminosity class. We thus classfgtdr as B5-7 V.
The spectrum also exhibits theffilise interstellar band (DIB) at 4430 A.

Star #57: the same criteria as for star #39 suggest a speghealkiO-5.
The strength of St 14077 compared to the nearby Hees suggests a giant
luminosity class, whilst the strength ofiiYA 4376 compared to Rel 4383 could
be consistent with either a main-sequence or giant clagsificaConsidering
also the general appearance of the spectrum, we adopt a Kétadsification.
Our spectrum displays a blue-shifted l[dmission above the continuum with an
equivalent width of about0.3 A.

Star #65: the same criteria as for star #16 indicate a G5 spéype. The
strength of the St 14077 line suggests that the star is a subgiant or giant. We
thus classify this star as G5 IV-III.

Star #67: the same criteria as for stars #16 and #25 yield a@G84pectral
type.
Star #70: the same criteria as for star #16 indicate a late Grspg/pe. The
strength of Sn 14077 compared to the nearby Hmes and the strength of iy
14376 relative to Fe14383 suggest a subgiant or giant luminosity class. We
thus classify the star as G5-KO IV-III.

Star #76: the spectrum of this source is very red with almosfitnobe-
low ~ 4300 A. However, this must be a rather hot object, since intiauidto
some Balmer absorption lines, we also see severadbsorption lines{1 4471,
4922, 5876, 6678). The Mg 4481 line is weaker than Hel 4471. The spec-
trum also exhibits a number of strondfdise interstellar bands. This star must
therefore be a heavily extinguished object of spectral HPeB5.
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