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ABSTRACT

Context. The infrared [Nell] and [Ne lll] ne structure lines at 12.8in and 15.55m have recently been theoretically predicted to trace the
circumstellar disk gas subject to X-ray heating and iomizat

Aims. We observationally investigate the origin of the neon nrusture line emission by comparing observations with meaéIX-ray
irradiated disks and by searching for empirical corretagibetween the line luminosities and stellar and circuriastphrameters.

Methods. We select a sample of 28 young stellar objects in tH@phiuchi star formation region for which good quality infed spectra
and X-ray data have been obtained, the former with the SpiRe® and the latter with the Deep Rho Ophiuchi XMM-Newton Efvation.
We measure neon line uxes and X-ray luminosities; we commglet these data with stellar/circumstellar parametersiobd by tting the
spectral energy distributions of our objects (from opticahillimeter wavelengths) with star/disk/envelope madel

Results. We detect the [Ne II]] and the [Ne 1] lines in 10 and 1 casespegtively. Line luminosities show no correlation with Xyremission.
The luminosity of the [Nell] line for one star, and that of bahte [Nell] and [Nelll] lines for a second star, match thedic&ons of
published models of X-ray irradiated disks; for the rem@in8 objects the [Ne Il] emission is 1-3 dex higher than predion the basis of
theirLx . However, the stellar/circumstellar characteristicsiagsd in published models do not match those of most of the Btamur sample.
Class| objects show signi cantly stronger [Nell] lines th&€lass Il and Class Il ones. A correlation is moreover fobetiveen the [Nell]
line emission and the disk mass accretion rates estimatettfre spectral energy distributions. This might point taha role of accretion-
generated UV emission in the generation of the line or torathechanisms related to mass in ows from circumstellar sliakd envelopes
and/or to the associated mass out ows (winds and jets).

Conclusions. The X-ray luminosity is clearly not the only parameter thatetmines the [Ne Il] emission. For more exacting tests ohx-
irradiated disk models, these must be computed for theast@tld circumstellar characteristics of the observed thj&xplaining the strong
[Ne 1] emission of Class | objects likely requires the imgilan in the models of additional physical components suchasgnvelope, in ows,
and out ows.
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1. Introduction tween these phenomena. A noteworthy example is the effect
. ) ) of X-rays from the central object on the surrounding molec-
The rst million years in the formation of a low-mass star arg s cloud. the accretion envelope, and the disk. YSOs, in-

characterized by several complex and still not fully untierd deed, have stronger X-ray emission than main sequence stars
phenomena involving the circumstellar envelope, the diski, (Feigelson & Montmerl= 1999).

the central protostar, e.g., envelope and disk mass amcreti

OutOWS, disk evolution inCIUding planet formation, staigk The Origin of magnetic phenomena in YSOS, and
magnetic interactions, and other manifestations of the-mag thejr X-ray emission in particular, is an intriguing
netic eld such as the intense X-ray emission from hot magnd still poorly understood problem. Renewed interest
netically con ned plasma. The rst studies of Young Stellaj, ySO X-ray emission comes from the recent recogni-
Objects (YSOs) have often neglected importantinterasti® tion that X-rays may ionize and modify in several other
ways the thermal and chemical structure of star forming
Send offprint requests t&. Flaccomio clouds (Lorenzani & Palla_2001), circumstellar disks (e.g.
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Glassgold et al. 1997; llgner & Nelson 2006; Meijerink et akimilar to those obtained by MGN 08 and GH 08 for their ref-
2008; | Gorti & Hollenbach 2008;_Ercolano el al. 2008), anerence models (Alexander 2008). The observation of linsshi
planetary atmospheres (Cecchi-Pestellini et al. 2006)h&ve and broadenings, accessible through ground-based higluires
focus on the response of YSO disks to X-ray irradiation by th®n spectrographs, may help to discriminate among thediff
central (proto)star. ent proposed emission mechanisms (e.g. Herczeglet al. 2007;
The structure and temporal evolution of circumstellar glislvan Boekel et al. 2009).
is of paramount importance for the understanding of the star Detection of the [Nell] 12.81m line was rst reported
and planet-formation process. The structure of the gasephpy |Pascucci et al. (2007) for four stars out of a sample of 6
component, by far more massive than the dust componentyrinsition-disk systems. Lahuis et al. (2007) detectedlittee
particularly uncertain being the most affected by high gwerin 15 more T-Tauri stars and Espaillat et al. (2007) addeskthr
radiation (far/extreme ultraviolet and X-ray). Glassgetd@l. more detections. The relation of the line strengths withe}(-r
(1997) have shown that, in a protostellar disk illuminatgdib |uminosity and with other system parameters has remained un
central X-ray source, X-ray ionization dominates over fat clear: Pascucci et al. (2007) report a correlation of thel[Ne
galactic cosmic rays, giving rise to a vertically layeredi&@- |ine luminosity withLx and an anticorrelation with mass ac-
tion structure with an outeactive surface and a mostly neu-cretion ratd, M Espaillat et al. [(2007), complementing the
tral inner dead zong(Glassgold et al. 1997; Gammie 1996)Pascucci et al. (2007) data with their own, fail to con rm the
ligner & Nelson (2006) calculated the disk ionization strucorrelation withLx and nd a possiblairect correlation with
ture as a function of the X-ray luminosity and emitting plam\L_; the sample of Lahuis et al. (2007) had only sparse X-ray
temperature, and found that the disk is divided into three diata; in all cases the samples are small and inhomogeneous,
tinct radial zones: an inner active region, a central regibare comprising stars in different star-forming regions witlffeti-
the depth of the dead-zone depends on the X-ray spectral anflages and distances.
temporal characteristics, and an outer region with nomié In this contribution we investigate the connections be-
dead-zone. In addition to ionization, X-rays can heat the &yeen the neon ne structure line emission and the stel-
ternal layers of disk atmospheres, as shown by Glassgold e{;circumstellar properties with particular referencete X-
(2004) who predict temperatures of the order of 5000K.  ray juminosity. We choose to focus on Ophiuchi, one of
Theoretical calculations depend critically on several ifhe closest, youngest and most studied low-mass star form-
gredients: the disk model, the chemical network, the spkcting regions in the solar neighborhood (for a recent review
and temporal characteristics of the X-ray source and itS agse[ Wilking et all 2008). This is motivated by the fact that
sumed spatial location with respect to the disk. Obsermatio j the region has been extensively observed w@hitzer
tests are therefore highly desirable and could help canstrgrs (i) high quality X-ray data have recently been ob-
the model assumptions. The lines of ionized neon are pg{med by ourselves with tH@eep Rho Ophiuchi XMM-Newton
ticularly useful as a proxy of the effect of high energy ragpservation(DROXO, [Sciortino et dil_2006), allowing the
diation, as its ¥ and 2 ionization potential are 21.56 andgross-correlation dpitzersources with well-characterized X-
41eV, respectively and therefore ionization can occur &yly ray emitters. Moreover, the young { Myr)  Oph members
photons in the EUV and X-ray range. Moreover, due 1o ifgave hard and luminous X-ray emission, characteristidsitfea
closed shell con guration, the Ne chemistry is particuf@im-  expected to favor an observable disk response. YSO<ph
ple.|Glassgold et al. (2007), Meijerink et al. (2008, hetaf cover a range of evolutionary phases and include a signt can
MGN 08), |Gorti & Hollenbach (2008, hereafter GHO08), andlymber of Class | protostars. While on the one hand this fact
Ercolano et al..(2008) have recently calculated the streodt makes our sample inhomogeneous, it also results in a better
ne structure emission lines from ionized neon originating coverage of the star/disk/envelope parameter space. Vée her
a disk exposed to stellar X-rays. Glassgold etal. (2007) efssume that Oph is at a distance of 120 pc, the most recent
mate that in low-mass YSOs the ionization of neon is domjz|ye derived by Lombardi et al. (2008).
nated by X-rays, because the photospheres of these stars emiry,ig paper is organized as follows: we rst introduce, in

few UV photons and cosmic rays are removed by the Stropg \he main X-ray and NIR data, as well as additional data
winds. Nell and Nelll ions, predominantly resulting frony o original and from the literature; ki@ we derive the quan-
K-shell photoionization of neutral neon by X-rays with engiies ysed for the subsequent analysis. We then compare the
ergy E>0.87KeV, give rise to magnetic dipole transitions gaqretical prediction for the X-ray ionization proxiestvthe
12.81 m and 15.55m, respectively. The predicted line lumi-gpserationsy@) and look for physically meaningful correla-
nosities are, for the refere_nce gl!sk/star modelg of MGlN @8 afions hetween these and other stellar/circumstellar ptigse
GHO08, and for X-ray Iu7m|n05|tl|es of 2 10¥ergs?, of  gectiofE summarizes our results and presents our conalusio
the order of 1&° and 167 erg s * for [Ne ] and [Nelll], re- 5, Appendix describes our method to characterize the YSOs in

spectively. MGN 08 predict that the line luminosities irese our sample by tting theoretical models to their spectrategy
with X-ray luminosity following a steeper-than-linearaébn.  yiciibitions.

Ercolano et al.|(2008) predict, with respect to MGN 08 and

GH 08, lower luminosities by a factor of 3-5. The theoreti- 1 Note, however, that the four [Ne Il] detections|of Pascutaile
cal moqlels are fgr from unique: qther recent calculat|on§ @007) span very small ranges of [Ne ] line and X-ray lunsities,

[Nell] line emission from a EUV-induced photoevaporativgoth 0.2 dex, comparable with uncertainties. The same applieis,to
disk wind, that neglect X-ray irradiation, yield lumindei for which the range is 0.5 dex.
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2. DROXO/Spitzer sample Spitzerbeam (4-89 will obviously be included in the [Nel]
and [Ne lll] uxes, including e.g. those that may be assaaiat

In order to correlate f[he_ [Ne ] anq [Ne ] line st_rengthﬂiw with out ows as shown by van Boekel etlal. (2009) for the T
the stellar X-ray emission and with the properties of the Cit uri system ’ *
e .

cumstellar material, we decided to focus on a physically h
mogeneous and well characterized sample of YSOs. Our sam-

ple includes YSOs that) belong to the Ophiuchi star form- 2 2. X-ray data

ing region, and are therefore both young and relatively ahev

ii ) have been observed with tiSpitzefIRS in high resolution TheDeep Rho Ophiuchi XMM-Newton Observat{@ROXO)

modeiiii ) fall in the eld of view of DROXO, and have there- is the most sensitive X-ray exposure of th©ph star form-
fore well characterized X-ray emission. ing region performed so far (Sciortino et al. 2006). It cetssi

of an observation of Core F performed with tK&IM-Newton
. X-ray telescopel(Jansen et al. 2001). The nominal pointing
2.1. SpltZGl’/lRS data pOSitiOI’l was o000 = 16:27:165, 5900 = 24:40.06:8.

We started by searching th®pitzerarchive for IRS obser- The observation, interrupted only by the constraints of the
vations of Ophiuchi members in th&XMM-Newton eld satellite orbit, was carried out in ve subsequent revalos
(cf. ¥2.2) performed with the short-high module (SH:= (#0961...#0965), for a total exposure timebdbksec. We use
99 169 m;R 600; slit size=4.9° 11.9. Excluding here data from the European Photon Imaging Camera (EPIC;
GY 65, which was identi ed by Luhman & Rieke (1999) as @trUder etal. 2001; Turner et al. 2001), ConSiSting ofehak
background star, our sample consists of 28 YSOs. Tablesl |igtost co-pointed imaging detectors (MOS1, MOS2, and pn)
these objects, th&pitzerprogram(s) under which they weresensitive to 0.3-10.0KeV photons and with a combined eld
observed, the total IRS (SH) exposure times and the deffailsPb view of 0.2 square degrees. Source detection resulted in
the observing strategy: the number of exposures, the nuofibe? list of 111 X-ray emitters, 60 of which are identi ed with
data C0||ecting events (DCE) per exposure, and the infmgrata mid-infrared ObjeCt detected by Bontemps etlal. (200:”) wit
time for each DCE. Note that four objects were targeted by td@OCAM at 6.7 and/or 14.3m. Details of the data reduction
separate programs and have therefore been observed tW|Ceand general results from DROXO are found in Pillitteri et al.
We downloaded the short-wavelength, high-resolutidd009, submitted). The present study is limited to2Be/'SOs
Basic Calibrated Data (BCD) for the 28 stars in our santith SpitzefIRS coverage (se€.1).
ple from theSpitzerarchive. In order to produce nal spec- Twenty-two of our 28 YSOs are positionally matched with
tra we used the tools suggested on 8patzerScience Center a DROXO source using aidenti cation radius. All the
web pag& Speci cally, after removing bad pixels with identi cations are unambiguous. Cols. 5-7 of Table 4 list th
IRSCLEANV 1.9 we extracted the spectra of each DCE in tHBROXO source numbers from Pillitteri et al. (2009) and, for
Spitzer IRS Custom Extraction (SPICE2.0.4 environment. all 28 objects, off-axis angles and effective exposure siae
We then added up all the spectra from a given observationtbé YSO position for the three EPIC deteckbrSix YSOs are
a given target, from a minimum of two (the two nod positions)ot detected in DROXO (sed3.1.2). In three cases we used
up to 72. This leaves us with 32 spectra (28 + 4 for the offhandraACIS data from the literature. In the remaining three
jects that were observed twice). Finally, we usB$FRINGE cases we have computed upper limits for the count rate as de-
v1.1 for the defringing. The background (sky) emission assaribed in Pillitteri et al. (2009 ChandraACIS data were also
function of wavelength was estimated usiBOT, in steps used for one of the DROXO-detected sources, IRS42/GY252.
of 0.5 m for =10-19 m and 0.01m for =12.76-12.87m Inthe DROXO data the photon extraction region for this objec
(the region of the [Ne Il] line). These values, computed fa t is contaminated by a nearby bright source. The higher dpatia
sky coordinates of the objects and the observation datiedac resolutionChandradata is not affected by this problem.
the expected contributions from the Zodiacal light, thesint
stellar medium, and the cosmic infrared backgrdufithey do )
not consider any eventual extended emission in the targat pr2'3' Ancillary data and SED ts

imity. Note, however, tEat this shou(;d not aﬁlgct ourmaii-pUyye have collected additional data for our targets from which
POSE, I.e. measuring _t € [_Ne lI] and [Ne lll] line uxes, s&c we derive relevant physical parameters. A summary of the re-
emission from these lines is not expected from the cold molgg .« is given in TablEI2. Col. 2 lists the ISOCAM source num-
ular cloud in the absence of hot ionizing stars. Previous er from Bontemps et al. (2001); col. 3 the YSO class derived
servations of YSOs have moreover indicated that the emi!ﬁith from the spe'ctral slorie betweznm andl4 m (reported
sion of these lines is spatially unresolved at 8tzerreso- ¢ [gontemps et al. 2001) and from our own mode! tting of

lution (Lahuis et al. 2007). Any continuum emission from thfhe SED (see below and AppendiX A). As detailed below, the
molecular cloud, if present, will thus be subtracted alofiy W 4\ ciassi cations agree for 70% of the sources '
the stellar continuum when measuring line uxes. However, '

multiple emission components eventually present withia th

The off-axis angle gives an indication of the quality of therp
2 |http://ssc.spitzer.caltech.edu/postbedrfgduction. htiril spread function, which is sharpest on the optical axis; fieetve ex-
3 http://ssc.spitzer.caltech.edu/propkit/spot posure times are normalized values taking into accountitireetting
4 http://ssc.spitzer.caltech.edu/documents/background of the optical system and the detector ef ciency at the sepasition.
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Table 1.Observation parameters for tBpitzefIRS and DROXO data.

Object Prog.ld. Exp.Time Nexp Ndce Tdce | DROXO#  Offax Exp.T
[s] [s] [’ [Ks]
DoAr25/GY17 179 975.2 42 1219 3 12.4 140/130/165
IRS14/GY54 179 62.9 21 315 13.7 127/ -/ -
WL12/GY111 172 62.9 21 315| 8 9.1 195/179/238
WL22/GY174 93 2265.0 126 31.5| 27 6.5 251/234/285
WL16/GY182 93 251.7 42 315 4.2 308/285/400
WL17/GY205 2 12.6 21 63| 34 2.9 326/317/440
WL10/GY211 3303 2265.0 126 31.5| 35 6.2 263/17/337
EL29/GY214 93+2 125.8 63 6.3+2 1 6.3 | 38 3.2 309/309/434
GY224 172 251.7 42 315 39 1.4 357/368/490
WL19/GY227 172 251.7 42 315 40 2.0 359/341/469
WL11/GY229 3303 15414.1 84 481.7 5.4  283/19/376
WL20/GY240 172 251.7 42 31.5| 46 1.4 376/357/486
IRS37/GY244 172 62.9 21 315 11.2 -/ 11/ 55
WL5/GY246 3303 8776.6 126 121.9| 49 11.2 -/ 11/206
IRS42/GY252 172+2 75.5 21 315+2 1 63| 54 1.9 415/401/495
GY253 3303 15414.1 84 481.7 | 55 3.7 367/390/478
WL6/GY254 172 62.9 21 315 | 56 10.3  183/12/247
CRBR85 172+2 306.7 22 121.9+2 1 315 2.0 415/401/511
IRS43/GY265 2 12.6 21 6.3 | 62 2.5 412/396/504
IRS44/GY269 2 12.6 21 6.3 | 64 2.6 395/377/494
IRS45/GY273 179 251.7 42 31.5]| 65 13.0 -/ -/184
IRS46/GY274 172 251.7 42 315 67 3.0 388/374/487
IRS47/GY279 172 62.9 21 315| 68 12.8 -/ 10/196
GY289 3303 15414.1 84 481.7| 75 7.6 256/ 17/346
GY291 3303 3900.6 84 121.9| 76 8.4  237/16/323
IRS48/GY304 2 12.6 21 6.3 10.6 196/ 13/263
IRS51/GY315 172+2 264.3 42 315+2 1 6.3 87 6.1 345/356/432
IRS54/GY378 2 12.6 21 6.3 | 97 11.6 187/ 13/257

Column description. (1): Object names. @pitzerprograms from which the IRS data was taken. The identi catlmmbers correspond to
the following programs: 2Spectroscopy of protostellar, protoplanetary and debigksl(P.1.: J.R. Houck); 93Survey of PAH Emission, 10-
19.5 m(P.1.: D. Cruikshank); 172/17%rom Molecular Cores to Planet-Forming Disk®.l.: N. Evans); 3303Fhe Evolution of Astrophysical
Ices: The Carbon Dioxide Diagnost{f.l.: D. Whittet). (3) Total IRS exposure time accumuldi@teach object in the short-high con guration.
(4) Observing strategy, i.e. the number of exposunes,, the number oflata collecting event€DCE) per exposura)qcee, and the exposure
time of each DCET q4ce . For targets observed by multiple programs these gureseperted for each program. (5) DROXO source number
from Pillitteri et al. (2009) for objects detected in the DRO data. (6) Distance, in arcmin, from ti&VIM-Newtonoptical axis during the
DROXO exposure. (7) Exposure times for the three EPIC dete¢(PN/MOS1/MOS2); missing values indicate that the souras outside the
detector FOV.

Stellar parameters for Class Il and Il sources (accordingsumably due to photometric uncertainties. Dereddeningethe
our own classi cation based on SED ts) were estimated frommources extrapolating the colors of Classll and Ill sources
the near-IR (2MASS) photometry. The procedure we have useduld produce an overestimation of the extinction. To mini-
follows closely that adopted by Bontemps et al. (2001) and imize this effect, we have dereddened these sourcks ti =
proved by Natta et al. (2006). We assume thatitHeand emis- 0:578
sion from these sources is dominated by the stellar pho&sph  The values we derive for the-band extinctior; (col. 4 of
and that it is only marginally contaminated by the emissiorable[2) are very similar to the numbers in Natta etlal. (2006)
from circumstellar material and that the IR colors of Class The one exception is WL 16 for which our procedure produces
sources can be approximated by emission from a passive aisigni cantly higher extinction.
cumstellar disk as described by Meyer etlal. (1997). These as Bolometric luminosities (col. 5 of Tab[g 2) were estimated
sumptions obviously do not apply to Class | sources and f86m the dereddened band magnitudes and the bolomet-
this reason we do not derive photospheric parameters feethfic correction used by Natta etlal. (20080)gL e = 1:24 +
sources. 1:1loglL ;. Stellar masses and effective temperatures (col. 6

Our procedure starts with the dereddening of each objectind 7) were obtained from,e assuming that stars lie on the
theJ Hvs.H K diagramto the locus of cTTS. As opposed®:5Myr isochrone of the D'Antona & Mazzitelli (1997) evolu-
to the procedure used by Natta et al. (2006) we have used tiogary tracks.

Cardelli et al. [(1989) extinction law. Two sources have t®lo  As part of the DROXO program, we have obtained comple-
slightly bluer than those of reddened main-sequence gtas, mentary IR spectroscopy at the VLT using the ISAAC instru-
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ment and the same observing modes describéd in Natta etklssi ed as Stage Il. In the following we will base our diseu
(2006). Low-resolution spectra( 900 in theJ or K  sion on the evolutionary stages de ned according to theltesu
band were obtained for 12 of the 13 YSOs in our sample thaftthe SED ts. However, in order to use a more familiar ter-
had not been observed by Natta etlal. (2006), the exception benology, when referring to the “stages', we will improperl
ing WL 19/GY 277. These spectra comprise the Rad Br  adopt the term “class'.

lines that we use to measure accretion luminosities and mass

accretion rates. For the reduction of the ISAAC data and the )

measurements of the Par Br line we followed the proce- 3 Analysis

dures described by Natta ef al. (2006). Accretion lumim@sit \ne nere describe the steps taken to derive X-ray and
(or upper limits), both from the new near-IR spectra and frome II/[Ne 111] luminosities from the XMM-Newtonand the
those of Natta et al. (2006), were then estimated from eagliri SpitzerlRS data, respectively.

relations with the Pa or Br luminosities [(Natta et al. 2004;

Calvet et all 2004). They are listed in col. 8 of Table 2. Mass

accretion rates (or upper limits), listed in col. 9 of the san®.1. X-ray luminosities

table, were calculated fromac: and the photospheric ParaMyye giscuss separately the X-ray luminosities of the 21 YSOs
eters derived from the near-IR photometry. They were the

: %t which an analysis of the X-ray spectra from the DROXO
fore computed only for YSOs for which these latter paransetel,, <.\ ~tion was possible (ckZ2), and those of the re-
are available, i.e. Class Il and Class Il objects with costgl ’

ining 7 objects for which we either make use of previous
2MASS photometry. As a result the new near-IR spectra a@f g ) b

. . andraACIS observations or we compute upper limits from
only one accretion rate (for IRS 54/GY 378) and two upper hr%ﬁ P Pp

its (for GY 253 and IRS 51/GY 315) to the values in N ., .\he DROXO data. We will then discuss possible biases and un-
l(tzso(oc()‘r) an )to the valuesin Natta et ertainties on the X-ray luminosities due to the high soatze
D).

: . sorption and to their intrinsic variability.
Given the fragmentary nature of the above described sys- P y

tem parameters we have striven to obtain a more complete and
homogeneous set of estimates by tting the SEDs of our 0B-1.1. Spectral analysis of DROXO sources

jects with star/disk/envelope models. The details of thmpr For the 21 YSOs with usable DROXO data the observed low-
dure, as well as the tests we have performed to ascertaisats u . N T
: ; . . resolution X-ray spectra were tted with simple emissiondno
fulness, are described in the Appendix. Tale 3 lists, fmheaels convolved with the detector response using XSPEC v.12.3
source, the quality of the t (the ? of the “best- t” model) b 9 T

and the adopted values, with uncertaifftigsr the following (Amaud 1996) as described by Pilltteri et al. (2009)' We an
; e . alyzed the time-averaged spectra accumulated during tifnes
stellar and circumstellar parameters: extinction (the sfiin-

L . low background, i.e. excluding the intense backgroundsare
terstellar and envelope extinction), stellar effectivaperature 2, .
. : . e to solar soft protons. This is the same time Iter used by
and mass, disk mass, disk and envelope accretion rates. !

e . ) ) o
last column indicates the evolutionary stage assignedviell litteri et al. (2009) for source detection, as it maxigtzhe
ing the criteria given by Robitaille etial. (2007), and repdr

sensitivity to faint sources. It is not, however, the santer|
in the Appendix §A.2), based on the disk and envelope accrg-.sed by Piliitteri et al. (2009) for spectral ‘T"”a'ys's- “"?"*‘?r
: : " ffers from source to source and was devised to maximize the
tion rates and on the disk mass. These de nitions are mean . L X .
. ; L by including times of high background when the source is
reproduce in most cases thlassicalclassi cation based onthe . . .
bright enough to contribute positively to the S/N. Althougk

SED slope (i.e. Class|, II, and Ill), which is often used te de

scribe the evolutionary status of YSOs. The stages, beisg(baresumng §pectra .have higher S/N with respect t_o thoseQ)as_e
. . n the universal time lter we use here, the ensuing luminosi
on physical quantities, have however the advantage of not de

pending on the inclination of the system with respect toitine | es are npt suitable for our purpose as they do not scalarline

of sight or on the effective temperature of the central abjec wnfkthednme-s vepr_a”gtted _Iur?mlosgg(s).g _ ¢
Comparing the evolutionary stages from the SED ts with > done by Filitter! et al. ( ) in many cases we -

the IR classes derived from the ISOCAM photometry (l]:hb.tfd simultaneously data from all three EPIC instruments. In

and3) we nd agreement in 19 out of 27 ce&é& 11 and 2 other cases the combined ts were statistically unsattsfgc
Class/Stage |, II, and IIl objects, respectively): 2 Clagsy- Pecause of cross-calibration issliemd we excluded one or

jects according to the ISOCAM classi cation are reclassi etwo of the detectors. The choice of detectors is the same as

) that of Pillitteri et al. (2009). In all cases, a model of set-
Stage | and Stagelll; 4 Class| and 1 Class Il Féa S ; :
as slagetandone as wtage il asstan ass aremal plasma emission (the APEC model in XSPEC) subject to

& As noted in the Appendix{A.]], the statistical signi cance of un- photoelectric absorption (WABS) from material in the lire o
certainties is not easily assessed; the plausibility ofutheertainties sight is found to be adequate. We adopted the plasma elemen-
on disk mass accretion rates is, however, indicated by a aosgm  tal abundances derived by Maggio et al. (2007) for YSOs in the
with independent estimates from the literaure for a corgashple of
stars in the Taurus-Aurigae region (cf. Fig.A.1). 8 One or both of the following) the source falls on a gap between

" As described in the Appendix we rejected the result of the SEBe CCDs in one of the detectors, and we are unable to properly
ts for one of our 28 YSOs, WL5/GY246. We consider it as a Cldlss count for the missing part of the PSF) the source is intense and the
object, i.e. the same Class given by the ISOCAM photometry, astatistical uncertainties per spectral bin are lower tharprecision of
derive its parameters from the spectral type and NIR phatigme the cross-calibration.
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Table 2. Stellar/circumstellar data for the objects in our sampée.3).

Object ISO IR-SED A; log LL log Te M logLacc 109 Macc

Src. Class [mag] K] ™M ] [L']T [M =yr]
DoAr25/GY17 38 - 0.7 0.15 3.63 -0.27 <-2.34 <-9.23
IRS14/GY54 47 M2 -1 5.2 -0.23 355 -0.57 <-154 <-8.15

WL12/GY111 65 -1 - - - - - -
WL22/GY174 90 In-1 - - - - -
WL16/GY182 92 In- 10.0 2.26 4.04 0.56 2.07 -5.43

WL17/GY205 103 -1 11.3 0.69 3.68 0.09 - -
WL10/GY211 105 -1 4.5 0.51 3.67 -0.04 -0.89 -7.92
EL29/GY214 108 -1 - - - - - -

GY224 112 in- 8.6 0.54 3.67 -0.01 - -
WL19/GY227 114 -1 16.3 1.88 3.90 0.51 - -
WL11/GY229 115 -1 4.3 -0.94 347 -0.92 -2.39 -8.84

WL20/GY240 121 -1 - - - - - -
IRS37/GY244 124 -1 - - -
WL5/GY246 125 -1 16.8 2.22 4.02 0.55 - -

IRS42/GY252 132 -1 7.5 0.69 3.68 0.09 <-1.14 <-8.23
GY253 133 -1 8.8 0.36 366 -0.14 <-1.53 <-8.52
WL6/GY254 134 -1 18.6 2.43 4.12 0.59 - -
CRBR85 137 -1 - - - - - -

IRS43/GY265 141 -1 - - - - - -
IRS44/GY269 143 -1 - - - - - -

IRS45/GY273 144 -1 6.6 0.07 3.62 -0.32 <-1.59 <-8.45
IRS46/GY274 145 -1 - - - - - -
IRS47/GY279 147 -1 7.4 0.63 3.68 0.05 <-1.55 <-8.61
GY289 152 -1 7.3 0.19 3.64 -0.24 <-1.23 <-8.14
GY291 154 In- 7.4 0.21 364 -0.23 <-1.65 <-8.58
IRS48/GY304 159 -1 - - - - - -
IRS51/GY315 167 -1 12.9 2.29 4.06 0.57 < 1.56 <-5.95
IRS54/GY378 182 -1 6.2 0.35 3.66 -0.15 0.02 -6.95

Notes? IR class from the spectral slope betwegenm and14 m (Bontemps et al. 2001) and SED Class from tting of the SKR.G, Table

B);

Orion Nebula Cluster (ONC). In one case (EL29/GY214) thea DROXO but, being contaminated by the wings of another
abundances of metals (all elements other than H and He) hadtight source, we prefer to use the luminosity obtained by
be increased by a factor of 3.5, with respect ta the Maggidl etlBmanishi et al. [(2001) from the analysis ofGhandraACIS
(2007) values, in order to obtain a reasonable t. The specspectrum, corrected for the different distance assumsgtionl
were tted with a variety of initial parameters to avoid endi choice of energy bands. IRS37/GY244 was also detected by
up in a local minimum of the ? space. The resulting ts are allllmanishi et al.|(2001) but not in the DROXO data, possibly be-
statistically reasonable, with a meaf; =1.1 and a maximum cause it lies close to the edge of the EPIC eld and in the PSF-
of 1.7. Results for the 21 usable DROXO sources (along wittings of a brighter X-ray source. The X-ray luminosity given
X-ray luminosities or upper limits for the other 7 YSOs; see b byl/imanishi et al.[(2001) for IRS37/GY?244 is, however, based
low), are presented in Tallé 4, cols. 6-9. For each sourcewean a poorly constrained spectral t and we, therefore, dedid
dicate the detector(s) used for the spectral analysis\thand to estimatd. x from the ACIS count rate and a suitable conver-
KT values from the spectral ts, and the absorption corréctesion factor (see below). The same method was adopted to es-
X-ray luminosity in thed:3 10keV band. Statistical 90% con-timate thel x of IRS14/GY54 and WL16/GY182. These were
dence intervals for these quantities are also given.lRgrand detected as faint X-ray sources by Flaccomio et al. (2003) in
KT these were obtained within XSPEC with titBRORcom- a re-analysis of th&€€handradata but no spectral analysis is
mand, while forL x they were propagated from those on thpossible due to the low photon statistics. The remainingethr

plasma emission measures. objects, IRS48/GY304, WL11/GY229, and CRBRS85, are not
detected in any X-ray dataset and we estimated upper limits t
. theirLx from the upper limit to theiXMM-Newton(DROXO)
3.1.2. Other objects count-rate.

We then estimated uxes, or upper limits, for the 7 YSOs Count-rate to luminosity conversion factors were thus em-
without a usable DROXO detection, marked in Table 4 hyloyied for six objects for which no reliable spectral anla-
footnotes in the “Instr. column indicating the source oé thysis was possible, i.e. thre€handra ACIS detections and

quotedNy, KT, andLx values. IRS42/GY252 was detectedhree XMM-Newton upper limits. The conversion factors
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Table 3. Parameters from SED ts(ckA.2).

Name ﬁest Av log Te M star log M sk log Misk log Meny Stage/Class
[mag] K] M ] M ] M yr ‘T M yr Y]
DoAr25/GY17 1.01 193% 3558  0:33)% 2.0 35 76 55 7.4 7 I
IRS14/GY54  0:11 183 3538 0358 6535 < 90 I
WL12/GY111 546 56%: 3435 01138 22 38 6:3 22 6:1 9 [
WL22/GY174 31:65 635" 373 1:53:% 1.3 12 6:2 S3 83 33 I
WL16/GY182  9:53 313 3739 3:8%:2 31 %2 80 I® 7.8 1 I
WL17/GY205  2:03 4235 3731 1733 15 14 6:3 o2 80 [:2 I
WL10/GY211  0:51 16iL 3:63:¢ 1:05:%, 3222 < 83 82 "1 I
EL29/GY214 6:33  42%: 3:8%9 4:95:% 1.7 39 7.0 5t 52 &2 I
GY224 0:33 363 3737 2:2%:2 37 22 < 82 < 79 I
WL19/GY227 270 53% 3858 3258 68 52 < 90 1
WL11/GY229  0:04 1813 3532 0:158:38 42 3 < 89 87 &8 I
WL20/GY240  0:81 243 3538 0:308:%9 27 38 7.9 52 55 a8 I
IRS37/GY244  2:02 42% 363L 06345, 22 38 81 {9 59 31 [
WL5/GY246' 52:55: 3838 3:0%:2 i
IRS42/GY252  1:87 303 4:1%3% 3:03:4 36 23 < 75 I
GY253 5:04 29% 3638 0:719% 80 &2 < 90 I
WL6B/GY254 210 53 4153 3:333 3723 < 79 I
CRBRS85 0:25 678 373 2:03% 3229 < 79 6:5 35 I
IRS43/GY265  1:55 473 3:63:¢ 2:034% 15 31 71 53 50 2¢ [
IRS44/GY269 2:22 578 3538 03134 2:2 5t 6:1 58 57 2§ [
IRS45/GY273  0:81 293 3738 1:9%%, 49 21 < 90 < 72 I
IRS46/GY274  1:23 323 363L 06155 21 3% 78 §3 5:8 59 I
IRS47/GY279  4:86 313 3737 2:75:8 1.9 :Z 84 53 6:4 59 I
GY289 232 233 3638 0:475% 58 g3 < 90 < 70 I
GY291 0:19 24% 363  0:5051% 45 2% < 86 < 75 I
IRS48/GY304 473 2633 363L 0:943% 2.0 33 6:8 33 51 22 I
IRS51/GY315 12:91 303 373% 2:13:3, 15 %3 6:7 52 81 &5 I
IRS54/GY378 117 263 373 2:03:%, 19 13 7:1 58 72 52 I

y: Parameters not derived from SED ts, but from the specypétand NIR photometric (see Appendix).

were computed with théortable, Interactive Multi-Mission ~ Ophiuchi, as for a typicaNy = 4  10?2cm 2 the ob-
Simulato[ﬁ(PIMMS) assuming an isothermal plasma emissioserved ux in the XMM-Newtonband is reduced by a factor
This requires the assumption of a plasma temperatire, 5 10% with respect to the unabsorbed case. The X-ray
and, more crucially, of an absorption column densitly;. spectrum of TW Hya is, however, quite peculiar among YSOs.
For the temperature we todkl = 3:4keV, the median of In the 1Myr old ONC, for example, th&Chandra Orion
the KT values obtained from the X-ray spectral ts of thdJltradeep Project(COUP) observation (Getman et al. 2005)
DROXO detections in our sample. Absorption estimates wearalicates that, based on a sample af00 members subject
derived from theA; values in Tablé12, when available, ando little absorption Kl < 10 cm 2) and whose X-ray spec-
from the Ay values in TablEl3 in the remaining casés; traare well t by 2-T models, the high-temperature compadnen
andAy were converted ttNy following [Vuong et al. [(2003): dominates the emission in most cases (80%) and, indeed, the
Ny =5:6 107'A; =1:6 10%*Ay cm 2. Tothethredx meankT (weighted by the emission measures of the two com-
estimates from th€handraACIS count-rates we assign a 90%ponents) is> 1.07 keV in 95% of the cases. We therefore argue
uncertainty of 0.5 dex. that, if low temperature components similar to those olebrv
in the ONC should remain indeed unobserved with our data,
the resulting underestimation of the X-ray luminositieado
typically be less than a factor of two.

Given the high absorption to which Ophiuchi members are ~ Another source of uncertainty on the X-ray luminosities
subject, we may wonder whether some or all of our X-ray lis their intrinsic time variability. While a full study of Y8
minosities are biased by the fact that low temperature éomissvariability in - Ophiuchi is beyond the scope of the present
components may be fully absorbed and therefore unaccouritédk, assessing its effect is important when we correlgte
for in the spectral ts. A very soft X-ray emission like thatwith other quantities observed non-simultaneously withXh

of the evolved CTTS TW Hya (e.g. Stelzer & Schiitt 2004yay observation. Pillitteri et al. (2009) compare the agerx-
kT=0.2-0.3keV, would indeed have remained undetected gy emission during the DROXO observation with that detécte
during previousChandraand XMM-Newtonobservations of

® |http://heasarc.gsfc.nasa.gov/Tools/w3pimms html Ophiuchi. The comparison indicates that the activity IsyaV-

3.1.3. Biases and uncertainties
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Table 4. Results from the analysis of ti8pitzefIRS and DROXO datasets (ofi3.7 andx3.2).
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Name I—[Nell] FFNOQ}” L[NeIII] FE:NOQ}“] Instr. Nn KT Lx
[10% ergs 1] [By] [10®ergs!] [Jy] [10%cm ?] [keV] [10?® ergs 1]
DoAr25/GY17 1:005:33 0.26 < 0:49 0.28 pn 0:975% 2745 180:64553:32
IRS14/GY54 < 5143 0.28 < 218 0.12 | ACISt 2:143:2
WL12/GY111 4329301 39.20 < 20:44 28.55 all 14:622%18 64:00 12148%82
WL22/GY174 < 39759 73.63 < 2661 11.97 | ml+pn 1411185 2:353:43 98:8032%:82
WL16/GY182 < 80:.07 29.03 < 3624 8.29 | ACIS! 2:195:22
WL17/GY205 < 23:40 201 < 1784 2.09 all 37BN 3:431%7" 7:885753°
WL10/GY211 5:445:43 041 < 279 0.40 pn 2:803:33 4:851:38 39:663:38
EL29/GY214 < 7898 67.46 < 40:82 4774 m2 6:370:83 4:238% 159.79392:83
GY224 < 551 1.36 < 4:33 1.38 | mi+m2 34243 8:6232,% 20:58%9:38
WL19/GY227 < 1517 163 < 932 1.06 all 9:92%1:%5 3:49333 754589354
WL11/GY229 < 0:31 0.03 < 0:37 0.04| al? < 2:69
WL20/GY240 19:80%3:89 1.74 < 487 3.09 pn 2:282:%2 2:48%:%% 115:98124:57
IRS37/GY244 20:4939:32 159 < 472 150 | ACIS® 5:805:83 1:70 182027:24
WL5/GY246 5:255' ¢ 0.81 14015 0.38 all 6:621:33 4:053:29 621:86,52 52
IRS42/GY252 < 7.73 6.32 < 6:89 548 | ACIS*  3:903:2 1:308:99 28:187%:43
GY253 < 0:63 001 < 043 0.01 pn 3:423:%2 2:622:83 122:8213%5:%8
WL6/GY254 < 41:10 28.77 < 22:26 19.70 all 5:735:35 8:004%:4° 40:2133:38
CRBR85 < 10:72 498 < 7:31 421 alf < 7:41
IRS43/GY265 261:595132  12.30 < 3594 12.44 pn 4:573 %8 3:003:82 2770332842
IRS44/GY269 90:62872%  62.53 < 87:12 69.45 pn 74753 3:718% 242:14%87:%
IRS45/GY273 9:99;1;56 1.22 < 2:82 1.15 all 1:005:83 477%% 6:583%2"
IRS46/GY274 < 13:.05 6.63 < 11.69 5.44 pn 8:43L%20 4:788:%3 14:722%:82
IRS47/GY279 10:294%8° 474 < 573 3.81 all 1:95%:33 2:123:83 18:833:89
GY289 < 0:49 0.05 < 0:42 0.06 all 1:93%2 3:.09:8 27:7953:38
GY291 < 1:.01 0.19 < 0:70 0.16 all 2:332:50 2:505:%; 34:8748:33
IRS48/GY304 < 37:55 15.80 < 1856 23.48| all? < 2570
IRS51/GY315 < 19:38 7.23 < 1353 631 mi 3:463:83 2:673:33 111:8953%3°
IRS54/GY378 < 19:34 276 < 887 3.21 all 20:05¢%8" 2:32 4521338817

Notes: IR and X-ray uxes and luminosities are correcteddgtinction. Col. 6 indicates the XMM-Newton/EPIC @handra(ACIS) detec-
tor(s) whose data was used for the tting of the X-ray spectra=MOS1, m2=MOS2, pn=pn, all=MOS1+MOS2+pn. Notes ingiche origin
of N, kT, andL x for objects with no usable DROXO detectioB(1.2):* Lx from ACIS count-rate? Lx upper limit from DROXO data;
3 Ny andkT from the spectral analysis @handraACIS data by Imanishi et al. (2001)x from ACIS count-rate* Ny, kT, andLx from

Imanishi et al.|(2001L x corrected for the differences in the assumed distance asrdgeband).

eraged over 1 day, the typical length of the previous obser3.2. [Ne ll] and [Ne Ill] line luminosities

vations, usually vary by less than a factor of 2 YJver the

timescale of years. The variability within each X-ray obse
vation, i.e. on the timescale of hours, can however be mu
larger due to ares that can reach up td.00 times the qui-

escent X-ray luminosity. These large ares are however not

frequent. For the YSOs in the ONC, for example, an analg-2.1. Fluxes

sis of the lightcurves in the COUP dataset along the lines of _
Wolk et al. (2005) and Caramazza et 4l. (2007) indicates th¥g measured the [Nell] and [Nelll] line uxesr, and

the X-ray ux is above the quiescent Ie@by a factor of 2 or
more for 10-15% of the time, and by a factor of 5 or more for~

;Fhe estimation of neon line luminosities is performed in two
ps: the direct measurement of uxes from the reduced IRS
spectra and the correction for extinction.

Fu , by integrating the spectra in the=12.79-12.83m and
=15.53-15.57m intervals, respectively. The underlying con-

2-3% of the time. Making the simplifying assumption that thuum was subtracted by tting a polynomial to two intersal
SpitzerlRS observations are much shorter than the timescQ@ the left and right of the lines: 12.71-12.48 and 12.84-

of the X-ray variability, we can take these fractions as the

§ 12.91 m for [Nell] and 15.45-15.53m and 15.58-15.65m

tions of objects for which th&pitzerobservations coincided fr [Ne lll]. The degree of the polynomial ranged between 1

with an X-ray emission level above the characteristic ldye

| and 3 and the t was repeated after excluding datapoints that

more than the speci ed factor. For the 28 objects in our semf{€Viated more than 2from a rst t. The 1 uncertainties on
f the uxes, F; and F;, were then estimated by propagat-

ing the uncertainties on the individual spectral bins, tags

this implies 3-4 objects with a difference irx of a factor o

>2and 1 with a difference of a factor of 5.

10 More precisely the “characteristic level” as de ned/by Wetkal.

(2005) and Caramazza ei al. (2007)

the maximum between the formal uncertainties given by the

reduction process and the Hispersion of the continuum t.

The lines were considered detected if the signal to noise, rat
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F=F , was> 3. In the opposite case upper limits were com- WiEEvaae " RG]
puted asmax(F; 0:0)+3 F . As indicated inx2.1, four YSOs ~ 0.08¢ 1r
have spectra from two separate observations: since thebe Ii§ 0.07d
are not detected in any of the spectra of these four objects e

report the most stringent of the upper limits and the comtmu T 0.07(
uxes of the relative spectra.

The [Nell] line was detected in 10 YSOs, i.e. 36% of
our sample, while the [Ne Ill] line is detected only in onersta o265 A seicvay ; ; :|R537’,GY24’4 ; Jo.s6
WL5/GY246, interestingly the brightest in X-rays in our sam a
ple ¥4.2) and likely a Class Il object (see below). Figlite 1_, 0.24
shows the 10 detected [Nell] lines and the single detecte@
[Nelll] line. Gaussian pro les centered at the nominal lineg 24
wavelengths and with normalizations from the measured suxe
are superimposed on the observed spectra.

One of our_YSOs, IRS 51/GY 315, was also included in the TEYApTL st = Ty
study ofl Lahuis et al. (2007) using c2d data and we here use 0.54 1t
the same spectrum. Our 3ipper limits on [Ne Il] and [Ne lll]
uxes are 20% and 50% higher than implied by the 1up-
per limits of Lahuis et al! (2007). We attribute the discrepa
to the differences between the two measuring procedures.

0.065

0.23

[y g
8 3 o
Fluxuny]

o
©
@

oo
(5,153
=]

3.2.2. Extinction correction and luminosities L4 RS47IGY279 | [IRS43/GY265

o
=)

In order to correct the line (and continuum) uxes for extinc -, %

tion we have chosen, for each of our YSO, a best-guess exting-1-6¢
tion (A;) from the up-to three estimates at our disposal. Tha 164
A; values from Talp.12, estimated from the 2MASS photometry, 1.62
were adopted when available. We otherwise estimateftom 1.6¢+
the Ny values given by the X-ray spectral ts (Tab.4), con- VRIS = e TeTes
verted according to Vuong etlal. (2003){=1:8 10 ?2Ny). a1t
Finally, in the absence of the previous two estimates, we-com__
putedA; from theAy values given by the SED model ts and § 40
listed in Tab BA; = 0:282Ay (Rieke & Lebofsky 1985). We
make an exception to this rule for WL12/GY111, for which the
Ny value is very uncertain and we prefer to use the extinctions 3.
from the SED t. Tabld® lists these three estimates, alort wi . . . . . .
uncertainties for the latter two, and the adopfedvalue. For - A T
extinctions taken from Tabl 2 we adopted a dncertainty of 1 RV : :
magnitude. ..

Critical for the derivation of unabsorbed uxes is the ctwic _, :
of extinction-law, i.e., in the cases of the [Nell] and [N& Il 2 0.0
lines, the two ratiofA12.51=A; andAis.55=A;. The extinc- & :
tion law at these wavelengths, in between two strong sili-
cates absorption features at 97 and 18 m, is not well 0_035_
established and seems to depend signi cantly on the grain : : : :
characteristics | (Weingartner & Draine 2001; Draine 2003). 152 o4 | [mn]ls'6 158
Chapman et all (2009) have recently established that, dios st

in the Ophiuchi region with low absorptiorAk < 0:5), the . } . :
Ry = 3:1 extinction law computed by Weingartner & Draind '9- 1- SpitzefiRS spgctra In .the [Nelll] 12.81m region for
the ten YSOs for which the line was detected (upper panels),

(2001) for a “standard” grain size distribution ts the mass- din th ion for the sinale d . ¢
ments between 1.2%n to 24 m. The extinction law of highly and in the [Nelll] 15.55m region for the single detection o

absorbed stard\k > 2), however, is better reproduced by théﬂis Iine_(lower panel)a The smooth Elre?_) lines (aj\re the sum Off
Ry =5.59Weingartner & Draine (2001) extinction law, implying[ € continuum ts used to measure the lines and Gaussians (o

grain growth in the dense parts of the cloud. Since, with ome E;xed width and cetenred at the nominal line wavelengthshwit

ception, the stars in our sample are highly extincted we &do) fegral equal t_o the line uxes mgasured by summing over the
theRy =5.5 extinction law and speci callyh12:81=A; = 0:16 ine spectral bins (see text). Object names are given in each

andAjs.s5=A; =0:13. panel.

»
Fluxuby]

0.04
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Table 5. Different estimates of thd -band extinction for the 10%F ‘SEDG‘ I‘g‘ S L B
objects in our sample, and adopted value X&.2.2). " w seo Cl:z ”((1)6) 1
A5 Tmag] | A SED Class il (4) °
J
Name Lit. NH SED Adopted 10°L o
DoAr25/GY17 0.7 1.7% 0.53 0.7 F ¢
IRS14/GY54 5.2 503 5.2 r 19
WL12/GY111 26.139 15.87 15.8 = | s
WL22/GY174 25.827  17.9557 25.2 = | wiho
WL16/GY182 10.0 8.52 10.0 S 107 ' E
WL17/GY205 11.3  6.§%° 11.939 11.3 ER ch o4 ]
WL10/GY211 45 583 457 45 i
EL29/GY214 11.43:8 11932 11.4 L
GY224 86 639 10.2%° 8.6 "
WL19/GY227 163 172 14.95%4 16.3 107 E
WL11/GY229 4.3 5.23 43 F ¢
WL20/GY240 4.43 6.78:% 4.1 L
IRS37/GY244 1087 11.8%% 10.4
WL5/GY246 16.8 11.82 14553 16.8 2071 il il il il
IRS42/GY252 75 733 8.%.1239 75 0.001 0.010 0.100 1.000 10.000  100.000
GY253 88 6.§3 8.18:3 8.8 Feon 3]
WL6/GY254  18.6 10.#% 14-9}?1% 18.6 Fig. 2.[Ne 1] 12.81 m line luminosity vs. the continuum ux
CRBR85 - 19,658 19.0 density at the same wavelength. Both quantities are cedect
:Egﬁ;giggg 12 % ig 4% 8 12.223 for inte_rstellar extinctio_n. CI_ass l, C_Iass II, and Clas®Hbjects,
IRS45/GY273 6.6 1%2 8.@:? 6:6 gccprdmg t_o th(_a classi cation derived from the SED ts, are
IRS46/GY274 1523 9.13 151 indicated with different symbols (see legend).
IRS47/GY279 7.4 3.5% 8.73% 7.4
GY289 73 353 6.6.:9 7.3
GY291 74  4.31 6.9:2 7.4
IRS48/GY304 7.23 7.4 4. Results
IRS51/GY315 129 6%8 8.60:2 12.9
IRS54/GY378 6.2 3583%  7.43 6.2 4.1. The [Nell] line

We detect [Nelll228 m line emission in 10 out of the 28
YSOs observed withSpitzeflIRS within the DROXO eld
of view (cf. Fig.[1). In one case, WL5/GY246, we also de-
With A; ranging from 0.7 to 25 mag, the resulting cortect the [Nelll]155 m line. All the [Nell] detections in
rection factors for the [Nell] 12.81m line uxes range from  Oph are X-ray sources: 9 are DROXO sources and the tenth,
1.1 to 39 (mean: 5.9). Note that the difference with théRS37/GY244, was detected in an earl@randraobservation
Ry = 3:1 extinction law is signi cant: had we adopted it(Imanishi et al. 2001, see3.1.2). Conversely the line is not
(A12:81=A; = 0:097) the 12.81 m correction factor would detected in any of the three X-ray undetected objects.
have ranged from 1.1 to 9.5 (mean £%7) We investigated possible relations between the [Ne 1] line
[Nell] and [Nelll] line luminosities were nally derived emission and other physical parameters of the systems, Firs
from the measured uxes, assuming a distance of 120 pgmwever, we discuss an important observational bias, namel
Resulting line luminosities and upper limits for the whades  the dependence of our line detection sensitivity on theigent
ple are listed in TablEl4, along with absorption-correcta-c uum intensity. Figurgl2 shows the relation between the [Ne I
tinuum ux densities at the nominal line wavelengths. The rdine luminosity and the continuum ux density at the same
ported uncertainties re ect measurement errors as welnas wavelength. Both quantities are corrected for interstedba
certainties ifAj, but neglect possible systematic uncertaintigiction and stars of different evolutionary classes atpt
related to the extinction law. with different symbols. The lower boundary of detectiond an
We conclude this section with a cautionary note: thgpper limits clearly shows a positive correlation, moselik
adopted extinction values refer to the central objects.|ime  due to the expected anti-correlation between the detestion
nosity corrections are thus valid only if the bulk of the [Nfe | sitivity and the counting-statistic uncertainties (thatrease
and [Ne Il1] lines originates in the proximity of the YSOs.i§h with the continuum). The upper envelope however also shows
assumptions may be false for emission from shocks assdcia@ecorrelation, which is independent of this detection biad a
with jets and out ows. whose physical origin is to be understood. Fidure 2 also-indi
cates that Class | objects have higher continuum ux degsiti
11 The correction factors computed from the two extinctiondatii- and [Ne I1] line luminosities than Class Il and Class |11 otfje
fer signi cantly only for high extinctions: for DoAr25A; = 0:7, the  This is notimmediately interpretable in terms of the X-ray e
difference is only 4%. citation mechanism discussed in the introduction.
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Figure[3 shows the scatter plot between the [Nell] line ~ 10%F" 7270w rer

luminosity andLx in the0:3  10keV banffd. We also plot [ SED Class Il (16)
the six T-Tauri stars in the Pascucci et al. (2007) sampler (fo [ e o .
[Ne 1] detections and two upper limits) and two stars (CS Cha | ocschal ATwHya
and TWHya) from|_Espaillat et al. (2007). Also shown are  10°- * 3
the theoretical predictions by MGN 08, calculated, as afunc b 1
tion of Lx, assuming the D'Alessio etal. (1999) disk model I !
(M =0:55M ,R =2:0R ,T =4000K,M =10 M r >
yr 1), and the predictions of GH 08 for their ducial model
(model “A> M =1:.0M ,R =2:61R , T = 4278K,
M =3 10 8 yr ! Lryv = 10%Y7 erg/s) and two vari-
ations: model “B” (with 100 times lower dust opacity, taken
to represent an evolved disk) and model “D” (with 10 times
higher FUV ux).

Three conclusions are apparent: i) no overall trend of in-
creasing [Nell] line luminosity with_x is apparent; ii) two
of the 10 measured [Ne lI] luminosities, those of DoAr 25 and 107 o L o
WL 5/GY 246, as well as the 18 upper limits, are consistent 107 107 10% 10%
with predictions by current models for X-ray ionization bgt Lx [erg/s]
disk; iii) the remaining 8 measured [Ne Il] luminosities dre
to 3 orders of magnitude brighter than predicted. With resp

to this latter point it is important to note, however, tha tu- ties in the measurement errors and in the extinction coomrect

f[hors OT both c:_:tlculatlons str.ess that their models refaito For the X-ray luminosities estimated from DROXO data errors
jects with speci c star and disk parameters and are moreover

o : . ... come from the statistical uncertainty of the normalizatidn
affected by several uncertainties, e.g. in the atomic sy y

the simpli ed disk models that do not include holes, gapsl artlhe best- t emission models, while for tr@handraACIS de-

. . i tections we assumed a 50% uncertainty. Also plotted here are
rims, and in the current lack of EUV photoexcitation. Our -nd > Y P

ings indeed con rm these suspicions, and indicate thatishys the six T-Tauri stars in the Pascucci et al. (2007) sample and
INGS | uspicions, and indl natie two stars from_Espaillat et al. (2007) (CS Cha and TW Hya).
parameters other thdny are likely to be important in deter-

mining the [Ne I1] ine luminosity. The model predictions of MGN 08 are indicated by the diago-

: _ ) ) nal line; those of GH 08, for their models "A, "B', and "D’ by
Rather than a connection withy , Fig.[3 indeed suggestsiha three diamond symbols.

that the [Ne ll] ux might be related to the evolutionary staif
the YSOs, Class | being the strongest and Class Il the ftinte
emitters. The position of TW Hya and of the six Pascucci et al.
(2007) “transition disk'-systems, seems consistent wighin- Parameters related to the YSO evolution, such as matter in-
terpretation. CS Cha, also believed to host a transitioklis OWs and out ows. The [Nell] luminosity seems indeed to
hower a strong [Ne II] emission in line with that of most of thé0 correlate withM.. Statistical tests for censored data, the
[Ne I1] detections in our sample. Within our sample, the ligh Generalized Kendall's and the Spearman’sas implemented
[Ne Il] luminosity of Class| objects with respect to ClassIin the ASURV package, con rm the existence of a correla-
ones is con rmed with Signi cances ranging from 99.8% tdion with  99.5% con dence. The stars from_Pascucci et al.
99.99% by the ve two-population tests for censored data int2007) and Espaillat et al. (2007), shown in [il. 4 but notluse
plemented in the ASURV packade (Feigelson & Nélson 198 the correlation tests, appear compatible with our sampl
Isobe & Feigelsch 1990). The correlation withM. may also explain the correlation of the
The overall lack of correlation with X-ray luminosity leaddNe Il] luminosity with the continuum ux at 12.81m (Fig.[2)
us to investigate possible correlations of the [Ne Il] eiiss @S this latter correlates strongly with (not shown, con dence
with other stellar and circumstellar parameters. Figlieons ~ 99-99%). The [Nell] -M. correlation might also explain, at
the relations with disk mass accretion rate and with stell§@stin part, the difference in the [Ne I] luminosity amdhg
mass, both estimated from the SED ts. Also shown are tichifferent evolutionary classes as Class | objects havesstat
MGN 08 and the GH 08 model predictions. The most fund§&!ly higher accretion rates. o
mental of stellar parameters, mass, does not seem to in u- As for the discrepancy with the X-ray eXC|ta_t|on models, we
ence the [Nell] luminosity. At any given mass, Class!| otPOte that three out of ve Clasgl [Nell] detections have nom-
jects have signi cantly higher line luminosities with res inal accretion rates that are higher than those_ used assinput
to Classll and Classlll ones; this points toward a role ¢@r both of the models considered here. This might be the rea-
son for their higher than predicted line luminosities. Tlieeo
12 The choice of energy band is not particularly important: had Class I [Ne Il] detections, WL 20 and IRS 37, however, hisze
restrictedLx to E> 0:87keV, i.e. to photons relevant for the K-shellestimates that, although with large uncertainties, aréairno
ionization of Ne, the points in Fil] 3 would have shifted dovand by those assumed by the X-ray ionization models and still their
0.05-0.15 dex depending on the plasma temperature. line luminosity is much larger than predicted. It is also pos

101

Lyen [ergls]

10%

Gorti & Hollenbach (200:

Fig. 3. [Ne ll] luminosity vs. Lx. Symbols as in Fig.2. The
error bars for the [Ne ll] luminosity account for uncertain-
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sible that the [Ne ll]M. correlation simply results from Class Istellar and circumstellar parameters estimated by ttihg t
objects having brighter line emission due to a mechanism-unB8EDs of the objects with star/disk/envelope models.

lated to disk mass accretion. One good candidate might be theThe luminosities of the 10 detected [Nell] lines are, for
de ning characteristics of Class | objects, i.e. high eopelac- the most part, 1-3 dex higher than predicted by models of X-
cretion rates and/or their associated out ows. Indeediteel[] ray irradiated (and ionized) circumstellar disks. Moreotiee
luminosity also shows a signi cant correlation, at th€9.9% [Ne ll] luminosities do not correlate with the X-ray lumiries
level, with theMe,,, values derived from the SED ts. ties. We conclude that, if these lines are indeed produced by
X-ray ionization, factors other thany are also important for

. the line production. Published models might still be vadidce

4.2. The [Nelll] line they assume given star and disk characteristics (or few vari

A spectral feature at 1555 m, likely associated with a ations) it is possible that some of these assumptions afre cri
[Ne Ill] transition, is detected in only one star, WL 5. An alical and that they do not correspond to the characterisfics o
ternative identi cation for the observed feature might be BOSt of our stars. Other excitation mechanisms might, how-
water rotational transition at 15.5, as detected e.g. by€Ver, turn out to be more important than X-rays, such as gtron
Carr & Najita [2008) and_Salyk et al. (2008) in three CTT$hocks resulting from the interaction of the stellar windian
The line observed on WL5 is however well centered igts with circumstellar material (Hartmann & Raymand 1989;
15.55 m (cf. Fig.[1) and the wavelength difference with théfollenbach & McKee 1989; van Boekel etal. 2009).
water line is signi cant: 2 spectral bins or about the FWHM  Interestingly, the [Ne 1] luminosities of two of the objsct
spectral resolution. Moreover the many other water lings tHn our sample, DoAr25 and WL 5/GY 246, match the theo-
are seen in the spectra published by Carr & Najita (2008) affiical prediction for X-ray irradiated disks remarkablgiy
Salyk et al.[(2008) are not visible in the part of the WL 5 spe&0Ar 25 is a Class I object with mass accretion rate S|m|_lar
trum shown in Fig[IL, with the exception of a likely,B line 0 tha_t assumed by the models we have used for comparison.
at 15.67 m. We are therefore con dent in the identi cation of WL 5 is, based on its SED between 1 andr8, a Class Ill ob-
the line with [Ne II1]. ject, but we cannot exclude the presence of a gas disk or a dust
WL 5 is a Class Il object and, according to its F7 spectrQiSk with alarge inner hole. It might be similar to the fouarst
type (Greene & Meyér 1985), one of the most massive/hott¥édfh transitional disks studied by Brown et al. (2007), foreo
objects of the sample of [Ne lI] detections (see the Appendi Which, T Cha, the [Nell] line was detected by Lahuis et al.
for a detailed discussion of its properties). For both Néwed, (2007). WLS is, moreover, together with Sz 102 (Lahuis et al.
WL 5 has the lowesbbservedi.e. absorbed) continuum ux 2007), the second YSO for which a detection of the [Ne ll]
among the stars in which [Ne 1] was detected, thus fadititat IN€ has been reported. As for the [Ne I1] line, the luminpsit
the detections of the lines. The luminosities of both Nepagi the [Nelll] line of WL 5 is roughly consistent with theoretic

compare reasonably well with the prediction of MGN 08 fopredictions for the X-ray irradiation mechanism. Also Ielsg
theLx of the object (6.2 10°° ergs 1): the [Ne I1] line is only consistent with this mechanism are the upper limits to the lu

7% fainter than predicted (well within 3 and the [Ne I1l] line  Minosities of the undetected [Ne Il and [Ne lll] lines.
is 70% brighter than predicted (within 2 The [Nell] 12.81 m line luminosity correlates with the

All the other stars with [Ne I1] detection in our sample hav%ontm]:u;]m ulx a_lt the sar;e wa\I/e.Ienéjth_. r\:Vh"e th_e. Igwergenve-
[Ne 1l1] upper limits that are signi cantly larger and thdoge ope ofthe rle at'cl)_E n|1ay N (:Xp aine IWtIt a S.fr?s't'v'tyb:] S
compatible with the predictions of MGN 08. If we assume th per envelope likely re ects a correlation with some plogi

the line ratios predicted by MGN 08, rather than the luminost aractenstlcs t_o which the continuum ux is rela_\ted. Démke .
ties, are correct and use the measured [Ne I1] line Iumiimsitcret'on rate, which we have found to correlate with the aonti

to predict [Ne lllI] luminosities, we conclude that, for 8 @mft9 luum ux at 12'8::' m, 1S ,or:"? czndldat(_e, an(rj] |nQe(|ad the -[Ne 1]
stars, our detection sensitivity for [Ne I11] is too low by actor uminosity correlates with it. A tentative physical expédion

2.4-8. For the remaining case, IRS 43/GY 265, the star in 0 rthe correlation might involve the increased EUV ux pro-

sample with the brightest [Ne Il] line, the measured uppmaitli uced in the_ ac_cretion _ShO_Ck’ provided that this latter e &b .
is only 10% higher than the predicted [Ne Ill] ux. reach and signi cantly ionize neon atoms above the acanetio

disk. Alternatively, given the correlation generally falibe-
tween accretion and out ow rates, the correlation mightites
from the [Nell] emission being produced in out ow-related
shocks as mentioned above. Finally, the statistical catioed

We investigated the origin of the [Ne ll] and [Ne lll] ne stcu  might be unphysical, and simply driven by the higher accre-
ture lines by studying a sample of 280phiuchi members in tion rates of Class | objects combined with their higher [Nle |
the eld of view of the DROXO deep X-ray observation anduminosities.

with availableSpitzerIRS data. The [Nell] 12.81m and the Indeed, Class | objects, i.e. those with signi cant envelop
[Nelll] 15.55 m lines were detected in ten and one YSOsccretion, have signi cantly higher [Ne Il] luminositieidn
respectively; absorption corrected line luminosities apger Class Il objects. We propose that the presence of a circlimste
limits for non-detections were computed and compared witdr envelope and/or envelope accretion and/or the strsaras
predictions of X-ray disk ionization models. Finally, we-exated out ows, i.e. the de ning characteristics of Class |eutts,
plored empirical relations between [Ne ll] line luminosépd plays a role in determining the line emission. Larger YSO-sam

5. Summary and discussion
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Fig. 4. [Nel] luminosity vs.M (left panel) and\gisk (right panel). Symbols as in Figl 2 ahfl 3, but with size prtipaal
tologLx, as exempli ed in the legend. The three X-ray undetecte@aijare indicated by empty symbols. Model results are
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ples and more sophisticated theoretical models are neede€arr, J. S. & Najita, J. R. 2008, Science, 319, 1504

pinpoint the production mechanism of these gas-tracingslinCecchi-Pestellini, C., Ciaravella, A., & Micela, G. 200&A,

and to derive a consistent picture of the environment around58, L13

YSOs at different evolutionary stages. Chapman, N. L., Mundy, L. G., Lai, S.-P., & Evans, N. J. 2009,
ApJ, 690, 496

AcknowledgementsWe acknowledge nancial support by theD'AIessio P.. Calvet, N., Hartmann, L., Lizano, S., & Cant’
Agenzia Spaziale Italianalhis work is based in part on observa- ] 1999' ApJ 507 ’89.?; U T

tions made with thé&pitzerSpace Telescope and wi¥MM-Newton , . .

Spitzer is operated by the Jet Propulsion Laboratory, CaliforniQ Alessio, P., Canto, J., Calvet, N., & Lizano, S. 1998, ApJ,

Institute of Technology under a contract with NASAMM-Newton 500, 411 o ) )

is an ESA science mission with instruments and contribstitirectly D'Antona, F. & Mazzitelli, I. 1997, Memorie della Societa

funded by ESA Member States and NASA. We thank the anonymousAstronomica ltaliana, 68, 807

referee for his numerous and insightful comments and stigges Draine, B. T. 2003, ARA&A, 41, 241

Ercolano, B., Drake, J. J., Raymond, J. C., & Clarke, C. C.
2008, ApJ, 688, 398

Espaillat, C., Calvet, N., D'Alessio, P., et al. 2007, Ap846

Alexander, R. D. 2008, MNRAS, 391, L64 L111

Allen, L. E., Myers, P. C., Di Francesco, J., et al. 2002, Ap&vans, II, N. J., Allen, L. E., Blake, G. A., et al. 2003, PASP,
566, 993 115, 965
Andre, P. & Montmerle, T. 1994, ApJ, 420, 837 Feigelson, E. D. & Montmerle, T. 1999, ARA&A, 37, 363
Arnaud, K. A. 1996, in Astronomical Society of the Paci cFeigelson, E. D. & Nelson, P. I. 1985, ApJ, 293, 192
Conference Series, Vol. 101, Astronomical Data Analys®accomio, E., Micela, G., & Sciortino, S. 2003, A&A, 402,
Software and Systems V, ed. G. H. Jacoby & J. Barnes, 17—277
Bontemps, S., André, P., Kaas, A. A., et al. 2001, A&A, 37Zammie, C. F. 1996, ApJ, 457, 355
173 Getman, K. V., Flaccomio, E., Broos, P. S., et al. 2005, ApJS,
Brandner, W., Sheppard, S., Zinnecker, H., et al. 2000, A&A, 160, 319
364, L13 Glassgold, A. E., Najita, J., & Igea, J. 1997, ApJ, 480, 344
Brown, J. M., Blake, G. A., Dullemond, C. P., et al. 2007, Ap&lassgold, A. E., Najita, J., & Igea, J. 2004, ApJ, 615, 972
664, L107 Glassgold, A. E., Najita, J. R., & Igea, J. 2007, ApJ, 656, 515
Calvet, N., Muzerolle, J., Bricefio, C., et al. 2004, AJ, 12&orti, U. & Hollenbach, D. 2008, ApJ, 683, 287
1294 Greene, T. P. & Meyer, M. R. 1995, ApJ, 450, 233
Caramazza, M., Flaccomio, E., Micela, G., et al. 2007, ArXiMartmann, L. & Raymond, J. C. 1989, ApJ, 337, 903

e-prints, 706 Herczeg, G. J., Najita, J. R., Hillenbrand, L. A., & Pascutci
Cardelli, J. A., Clayton, G. C., & Mathis, J. S. 1989, ApJ, 345 2007, ApJ, 670, 509
245

References



14 E. Flaccomio et al.: [Ne ll] and X-ray emission fronOph YSOs

Hollenbach, D. & McKee, C. F. 1989, ApJ, 342, 306 Appendix A: (Circum)Stellar parameters from

ligner, M. & Nelson, R. P. 2006, A&A, 455, 731 SED ts

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

Isobe, T. & Feigelson, E. D. 1990, in Bulletin of the Americal this appendix we describe how we constrained some stel-
Astronomical Society, Vol. 22, Bulletin of the American@’ and circumstellar parameters of the objects in our sam-

Astronomical Society, 917-918 ple by comparing their SEDs with the theoretical models of
Jansen, F., Lumb, D., Altieri, B., et al. 2001, A&A, 365, L1 Robitaille et al. [(2006). These consist of a grid of 200,000
Kenyon, S. J. & Hartmann, L. 1995, ApJS, 101, 117 model SEDs that include contributions from the central sar
Lahuis, F., van Dishoeck, E. F., Blake, G. A., et al. 2007”Apgircumstellar disk, and the envelope, parametrized witphd-4

665, 492 rameters. The models that best approximate the observed SED

Lombardi, M., Lada, C., & Alves, J. 2008, ArXiv e-prints, 801Vere found with the aid of the Web based tool presented by
Lorenzani, A. & Palla, F. 2001, in ASP Conf. Ser. 243: Frofgobitaille et al. [(2007). As stated by Robitaille et al. (2P0

Darkness to Light: Origin and Evolution of Young Stella@nd in accord with basic principles, this method does not al-

Clusters, ed. T. Montmerle & P. Andrée, 745—+ low the simultaneous determination of all the 14 physical pa
Luhman, K. L. & Rieke, G. H. 1999, ApJ, 525, 440 rameters, since the SEDs are often de ned by less than 14 in-
Maggio, A., Flaccomio, E., Favata, F., et al. 2007, ApJ, GGggpendent uxes. However, depending on the available uxes

1462 someof the parameters can be constrained more narrowly than
Meijerink, R., Glassgold, A. E., & Najita, J. R. 2008, ApJg57 Others. We are here interested, in particular, in obtainineg

518 range of values compatible with the observed SEDsijahe

Meyer, M. R., Calvet, N., & Hillenbrand, L. A. 1997, AJ, 114'extincti0n toward our object§,) their disk accretion rates.

288
Najita, J., Carr, J. S., Glassgold, A. E., Shu, F. H., & Tolgma A 1 The method and its validation

A.T. 1996, ApJ, 462, 919
Natta, A., Testi, L., Muzerolle, J., et al. 2004, A&A, 424,30 Our procedure follows closely that of Robitaille et al. (20
Natta, A., Testi, L., & Randich, S. 2006, A&A, 452, 245 from the Web interface we obtain, for each object, a list of
Pascucci, ., Hollenbach, D., Najita, J., et al. 2007, Af8B,6 the 1000 models that best approximate the observed SEDs, i.e

383 those with the smallest?. Our “best guess” parameter val-
Rieke, G. H. & Lebofsky, M. J. 1985, ApJ, 288, 618 ues and associated con dence intervals are then derived-by s
Robitaille, T. P., Whitney, B. A., Indebetouw, R., & Wood, Klecting a set oftatistically reasonablenodels and computing

2007, ApJs, 169, 328 the median and the 1 quantiles of the parameter values for
Robitaille, T. P., Whitney, B. A., Indebetouw, R., Wood, K., these models. The statistically reasonable models weneeike

Denzmore, P. 2006, ApJS, 167, 256 as those with reduced? < ( 2. +3), where 2. refersto
Salyk, C., Pontoppidan, K. M., Blake, G. A., et al. 2008, Apdhe best t model, or in cases this condition results in ldsmt

676, L49 10 models, the 10 models with smallegt Note that, because
Sciortino, S., Pillitteri, 1., Damiani, F., et al. 2006, inNSB the uncertainties on the observed SEDs are not well de ned

Special Publication, Vol. 604, The X-ray Universe 2005, e@see below), and the parameter space is sampled only dkcret

A. Wilson, 111-112 by the adopted grid of models, the statistical signi cantthe
Stanke, T., Smith, M. D., Gredel, R., & Khanzadyan, T. 200€hus derived con dence intervals cannot be easily assessed

A&A, 447, 609 A similar methofi} was tested by Robitaille etlal. (2007)

Stelzer, B. & Schmitt, J. H. M. M. 2004, A&A, 418, 687 by considering a sample of Taurus-Auriga objects for which
Struder, L., Briel, U, Dennerl, K., etal. 2001, A&A, 36518 stellar and circumstellar parameters had been deriveg@rde
Turner, M. J. L., Abbey, A., Arnaud, M., et al. 2001, A&A,dently in the literature and comparing these parametets wit

365, L27 those obtained from tting the SEDs, de ned from the optical
van Boekel, R., Gudel, M., Henning, T., Lahuis, F., & Pantino millimeter wavelengths. In the case of our heavily abedrb

E. 2009, A&A, 497, 137 Ophiuchi YSOs the SEDs lack, with the exception of one
Vuong, M. H., Montmerle, T., Grosso, N., et al. 2003, A&Astar, data in the optical bands, i.e. those more directlycadtl

408, 581 by the accretion-shock emission. In order to test our it

Weingartner, J. C. & Draine, B. T. 2001, ApJ, 548, 296 constrain the accretion rates in the absence of optical-info
Wilking, B. A., Gagné, M., & Allen, L. E. 2008, Star Formatio mation, we repeated the SED ts of the Taurus-Auriga stars
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Fig. A.1. Comparison between mass accretion rates from the literatut those derived from SED ts for the sample of T-Tauri
stars considered in Robitaille et al. (2006). SED ts ancedatination of parameter ranges were performed as for tDghiuchi
objects discussed in this paper. Pasjetompares the literature data with results of SED ts usindted available photometry,
including optical bands. PanB) is analogous, but only photometry longward ofit was used for the SED ts. Pan€)l nally
compares the results of SED ts with and without optical ghoetry. Reduced? values and mean absolute distances from the
bisector, both computed considering uncertainties onliseissa only, are reported within each panel.

dent values from the literature. Patecompares the results ofdisk, the size of the inner hole has a much smaller effect.

the SED ts without the optical magnitudes with the litenstu The three regimes in Fig, A.2 can be understood as follows:

data. The agreement between the two quantities is acceptaplifor large accretion ratespg(M=M ) & 9, the ux in

and may actually be considered better than in the formerlpariee IRAC band, originated in the inner disk<R AU), is sig-

the reduced 2, computed from the identity relation considerni cantly affected by viscous accretion (D'Alessio et aRg8,

ing only uncertainties oMsgp , is indeed reduced from12 [1999);ii) for 11. log(M=M ). 9disk heating is dom-

to 1.7. This can in part be attributed to the increased eams;b inated by the stellar photospheric emission and, conselyuen

note, however, that the average of the unsigned differences relation between the IRAC ux anblL is observediii ) for

absMsep -Myjt ), is almost unchanged, 0.49 dex for paagl log(M=M ) . 11 we again observe a direct relation be-

and 0.48 dex for pandd). Panelc) compares th&d from the tween the IRAC 3 ux and\., which we attribute to the fact

SED ts with and without optical magnitudes, showing thag ththat these low accretion rates correspond, imn the Rolgiteflal.

two sets of values agree within uncertainties. We conclade t (2006) model grid, to very low disk massesdM . 10 °M

the SEDs de ned from IR to millimeter wavelengths are indedfdr the 1 solar mass stars plotted in Hig. A.2). Since, in the

sensitive to the accretion rate, at least in Bherange covered model grid, disk mass and accretion are directly correlatet

by the Taurus-Auriga sample: |&4=[-8.5,-6]. such low mass disks are optically thin (Robitaille et al. 00

o ) ) ) _lower accretion rates imply lower disk mass and lower emis-

This is due to the effect of viscous heating affecting th& dig;jon, in the IRAC band. The IRAC 3 ux va\L correlation in

thermal structure. To exemplify this effect we plot in Fig2A ;s regime does not therefore imply that that the mid-IR SED
as a function of accretion rate, the ratio between the IRAG S rriesdirect information on disk accretion.

band and thd-band ux, for the Robitaille et &l.(2006) mod-  ag 4 result of this discussion, in the derivation of accretio
els for stars with mass between 0.7 and 1.3 Mge between r¢aq for our Ophiuchi sample from the SED ts, we decided
1 and 2 Myr (implying little or no circumstellar envelopeld ot 1o use values belod0 °M yr L. In such cases we in-

low disk inclination with respect to the line of sight{ 60 ). gtaqqg conservatively assigned upper limitdtoequal to the
We plot with different symbols models with disk inner radi,,vimum betweea0 °M yr L and the upper end of the.
in different ranges, since the inner hole affects the uxte t .o qence interval (see above).

IRAC 3 wavelength (5.8 m). A relation between the two quan-

tities is seen for models with moderate inner disk holesaapp

ently characterized by different regimes in three difféeten  A.2. The  Ophiuchi sample

rangesiog(M=M ) . 11, 11. log(M=M ) . 9'. We collected photometric measurements and uncertainties
andlog(M=M ) & 9.The factor of 2 scatter around this (when available) for our Ophiuchi sample from several

relation may likely be attributed to model variations withi sourcesd, H , andK s magnitudes (or upper limits) were taken
the speci ed parameter ranges and to the several other HNCRN 2imost all objects from 2 MASH; SpitzedRAC (bands 1-

strained model parameters. Similar and even more pr_ondunﬁj and MIPS (bands 1 & 2) photometry was collected from
trends are apparent in analogous plots using uxes in longer

wavelength IRAC and MIPS bands, with the expected differt TheJ-band ux of WL5/GY246 and théd -band ux of CRBRS5
ence that at the longer wavelengths, emitted farther outen twere taken from Allen et al. (2002) (converted from the HSTds;
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ler AUl 0OO5-015 4 we veri ed that the results of the model ts did not change ap-

preciably choosing either of the two spectra). Tabld A2 lise
AR, [AU]: 0.50 - 1.50 ux densities from the IRS spectra. As statedx.d our sky
subtraction procedure does not take into account diffubane
m R, [AU]: 5.00 - 50.00 lar emission. In order to assess the signi cance of diffuaése
sion on the object ux densities, we have considered the IRS
$ i spectra of the 13 YSOs in our sample observed in the context
- . of theSpitzedegacy progrankrom Molecular Cores to Planet-
E ; 1 Forming Disks('c2d', [Evans et al. 2003). As with the entire
a i c2d sample, the reduced/sky-subtracted IRS spectra have be
;;,.‘ ‘! : analyzed (and made publicly available) by the c2d team, us-
ol B o ing a sophisticated extraction and sky subtraction metlased
3’ k| }- ,,. on the modelling of the cross dispersion pro les (Lahuisléet a
I ¥ . o’ \ H I 2007). We have compared the ux densities derived from the
.| ] : J‘. . c2d-reduced spectra with those derived from the same spectr
| ' i N | reduced by us. We nd the spectra to be similar, with both the
maximum and the wavelength-averaged discrepancy decreas-
‘.‘._. f' ..:' j:’ y "l a " . ing with object intensity. The maximum discrepancy falls be
L v ‘ | ‘ low 10% for the 9 YSOs with c2d-reduced spectra that have av-
106 10 1012 1010 10 106 erage ux>0.5Jy. Based on this comparison, and noting that
dm/dt(disk) [Mg yr] the c2d objects are representative of our sample as forgheir

Fig. A.2. Scatter plot of the ratio between the uxinthe IRAC 1Sition with respect to nebulosity seen in IRAC and MIPS maps,

band over that id, as a function of disk accretion rate, accord™® decided to use the IRS-derived uxes for de ning the SEDs
of the 17 stars with average IRS ux0.5 Jy.

ing to the Robitaille et al| (2006 dels f I t = .
ing to the. Robitaille et all( ) models for a solar massesta As suggested hy Robitaille etlal. (2007), in order to account

Each point corresponds to one of the Robitaille etal. (200@ i i tainti d imati f th
models satisfying the following conditions: mass of thetcan r systemalic uncertainties, underestimation ot In€ meas
ent errors, and intrinsic object variability in time, a lew

SEE (i:rtlgﬁ'lt;vt?oennva'tﬁ ?::pi'cst tl\él ?ﬁ:lgaewgf;;;ﬁ%ndéfm ):(re,natm imit of 25%, 10%, and 40% was imposed on the uncertainties

symbols indicate models with inner disk radius in ve range%f olgtlcal, NIRMMIR, alnd n:'rl]“r??tt?r ers’ rzspe(étlvely.b di
as indicated in the legend. igurelA.3 exempli es the “ tting” procedure described in

x[A] for three of our YSOs. It shows the SEDs with the best
t models and the distributions of two t parameters,, and

the c2d databa®® (Evans etall 2003); 1.2mm uxes wereMuisk , both for the 1000 models with lowes# and for the
collected froml Stanke etlal. (2006) and 1.3mm uxes frorftatistically reasonablenes (cfLA.1). SEDs and best t models
Andre & Montmerle[(1994f. OpticalUBV R photometry for for all the 28 YSOs in our sample are shown in EiglJA.4.

one object with small absorption (DoAr 25) was taken from Following visual examination of the SED ts and of the

Yakubov (1992). Tablg Al1 list all the photometric ux den-distributions of model parameters used to de ne the con -
sities collected from the literature. dence intervals, we have decided to modify the input data-

Finally we complement the photometric data with ux denpoints for two objects: for IRS45/GY273 we have excluded

sities from the IRS spectra (cf2.1). We computed ux den- the 1.2 and 1.3mm datapoints from Stanke etlal. (2006) and
sities between 10 and 1, at regular wavelength intervalsAndre & Montmerle [(1994); in both cases including these
spaced by 0.5m. Each ux density was taken as the averageoints signi cantly worsened the quality of the t and had a
of the spectral bins in 0.2 intervals centered at the nominafigni cant effect on the values of the parameters. The 1.2mm
wavelength. For the four stars with two IRS observations weX is > 20 times higher than the 1.3mm  ux (an upper limit)
have taken the average of the two spectra. (In three casesaf@ probably refers to an extended source theltidesour
wavelength-averaged uxes differ by less than 0.1 dex, evhily SO. For GY289, a source with average IRS &0.5Jy, we

in one case, EL29/GY214, the difference is 0.4 dex. In aksadhave decided to include the IRS datapoints becal)sthey
agree quite well with the MIPS uxes at similar wavelengths,
the J-band upper limit for CRBR85 was taken from Brandner ét aj',) the quality of the model t is reasonable gest 2) and,
(2000). iii ) the con dence intervals of the model parameters are nar-

" Photometry extracted from the nal (November 2007) c2d dafgyyer pyt compatible with those from the t performed withiou
delivery, selected according to the following conditions quality

ags: “detection quality ag' equal to "A, "B', or 'U’; 'image type' these points.
equal to "0' for MIPS2 and different from *-2' and "0' for IRA@nd F_ma”y for_ one object, WL5/GY246, we COl.Jld not Obtam.
MIPS1; " ux quality’ ag equal to *A, B, or empty. a unique t with the above procedure. The object was previ-

16 Seven total uxes from spatially resolved maps (Tab. 2 igusly classi ed as a deeply absorbed Class Il star with an
Andre & Montmerld 1994), and 15 peak uxes or upper limitsotfr 7 spectral typel (Greene & Meyer 1995), and our SED was
Tab. 1 in the same work), converted to total ux with the fastsug- de ned by J ,H K, SpitzerlRAC 1-4 and 1.2/1.3mm uxes.
gested by the authors. Fits both with and without the mm uxes, likely contaminated

Flux(13)/Flux(J)
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Fig. A.3. Examples of SED ts for three objects in our sample with [Nedetections. From left to right: DoAr25/GY17,
WL20/GY240, and IRS44/GY269. The rstis classi ed as St&gass Il, the other two as Stage/Class|. The upper row shows
the SEDs and the best t models as produced by the Web integeavided by Robitaille et al. (2006). For the datapoinés, d
tections and upper limits are indicated by circles and ¢lies, respectively. The lower two rows represent distrins of two

t parameters Ay andMyisx . The empty histograms refer to the 1000 model ts with lowesand the green histograms to the
statistically reasonablsamples of models de ned ixiA.1l The solid and dashed vertical lines indicate the medizhthe 1
dispersion for these latter samples. For the panels in t@nskerow the symbols close to the upper axis indicatethevalues
inferred from theA; in Tabld2 (circles) and from the X-ray derivél; in Table[4 (squares).

by nearby sources (clf. Andre & Montmerle 1994; Stanke let &lire and mass, the disk mass, the disk and envelope accretion
2006), consistently yield high envelope and/or disk adoret rates, the evolutionary Stage. This latter quantity wagaes
rates, typical of a Class | object, but having little effect ofollowing [Robitaille et al.|(2007). Stage Men=M > 10 ©;
the NIR/MIR part of the SED due to the associated large istage Il:M¢n, =M 10 % andMgysx=M > 10 ©; Stage Il
ner disk radii. The NIR/MIR SED can however be t equallyM¢n, =M 10 8 andM g =M 10 8. As indicated in
well by purely photospheric "Phoenix' models as suggestdte main text, in order to use a more familiar designatioreto r
by the same Robitaille et al. (2007) web interface used to searchers in the eld, we also refer to the "Stages' as “€k&iss
the star/disk/envelope models. We thus decided to assuahe th
WL5/GY246 is a Class Ill object and to derive its extinction, Figures’A5 and_Al6 compare the extinction valuds X
effective temperature, and stellar mass usingxhéd, and and stellarT, obtained from the SED ts with the same pa-
K photometry, the spectral type, and the calibrations taedlarameters listed in Tabfé 2 for Class Il and Class 1l stargeGi
by |Kenyon & Hartmann| (1995). Uncertainties were estimatdble considerable uncertainties of both determinatioresSED
from the assumed uncertainty on the spectral type, one sub-yield results similar to those obtained with the methdd o
class, and the range of values obtained by estimating the hlatta et al. [(2006). A similar comparison with the accretion
sorption from the J-H, H-K, and J-K colors. rates derived from the Paand Br NIR line uxes (in Table
[), is less conclusive due to the large number of upper lim-

Table[3, introduced in the main texf23) lists the out- its and to the large uncertainties that affect the speabmsc
come of the SED- t process: the quality of the t (the’ of measurements as well as the SED ts. Seven objects can be
the “best- t” model), the object extinction (the sum of imle used for the comparison having accretion rate estimatep-or u
stellar and envelope extinction), the stellar effectivmpera- per limits from both methods. For only two stars both meth-
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Fig. A.4. SEDs and best t models, as produced by the Web interfaceiged\by Robitaille et al. (2006), for all the 28 YSOs in
our sample.



A, (3.55 x A, in Table 2)

Fig. A.5. Comparison of théy values derived from tting the

SEDs with the Robitaille et al. (2006) models, with values d
rived from 2MASS photometry (cf. Table 2). Objects of differ
ent SED Class are indicated by different symbols as showndn
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Fig. A.6. Same as Fig. A.5 for the effective temperatures.

(2006, see als@2.3) is better suited for cool stars and likely
to yield inaccurate results for WL 16§ 10* K). An inde-
pendent estimate by Najita et al. (1996) yielded an uppét lim
compatible with the SEDvaluét. . 2 10 “M yr 1. Other
three stars havigl estimates from the SED ts and upper limits
from Table 2: in two cases, IRS51 and IRS 47, the con dence
intervals from the SED ts are consistent with the upper lim-
its; for DoAr 25/GY17, the only star with optical magnitudes
the SED t yields an accretion rate that is 1.6 dex higher than
the upper limit from the Paline. Finally, for two stars, WL 10
and WL 11, the spectroscopic estimates are 0.4 dex and 0.1 dex
larger than the upper limits from the SED ts. The discrepanc
is however reduced to 0.24 dex for WL 10 and disappears for
WL 11 if the slightly largemM values from Natta et al. (2006)
are considered instead of those in Table 2.

A.3. Summary

In this Appendix we have shown that the SED models of
Robitaille et al. (2006), although undeniably approximaten

be useful to constrain parameters such as the line-of-alght
sorption and the disk accretion rate, even in the absencg-of o
éical photometry. Although resulting uncertainties ingaga-
rameters are often large, the constraints are by and lame co
patible with independent determinations obtained with enor

irect methods.

ods yield estimates: those for IRS54 are in good agreement;
for WL 16 the spectroscopic estimate is 2.6 dex higher than th

value from the SED tsM.

10 8M yr 1. The discrepancy

is however reduced to 1.2 dex when comparing the result of the
SED twith the Natta et al. (2006) value. Moreover the deriva

tion of ML from the Pa line with the method of Natta et al.
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Table A.1. Flux densities, in mJy, collected from the literature ¢&.2) and used for the SED ts.

Name J H Ks IRAC[1] IRAC[2] IRAC[3] IRAC[4] MIPS[1]] MIPS[2]  1.2mm  1.3mm
DOAr25/GY17 279.00 448.00 484.00  367.00  292.00  299.00  (Z68. 399.00 153.00  280.00
IRS14/GY54 1.66  12.10  30.20 35.10 29.20 23.40 14.00 < 30.00
WL12/GY111 032 321 1520  239.00  744.00 1610.00  2240.00 208D  415.00  130.00
WL22/GY174 < 0.20 < 0.08  0.59 3230.00 400.00
WL16/GY182 344 6590 397.00 1400.00 1970.00  5030.00 291000 < 10.00
WL17/GY205 < 0.19  1.96 27.30  240.00  416.00  553.00  695.00 2790.00  6070.00144.00 70.00
WL10/GY211 1530 86.10 181.00  259.00  310.00  272.00  222.00 39.08  784.00 < 30.00
EL29/GY214 031  39.00 929.00 12800.00 316.00  300.00
GY224 <020 721 5570  203.00 358.00  367.00  907.00  908.00

WL19/GY227 < 0.06 097 2520  215.00 406.00 32800  223.00 < 20.00
WL11/GY229 090 5.83 17.00 33.70 35.80 34.20 31.00 43.00 < 20.00
WL20/GY240 441 32,00 97.30  127.00  143.00  140.00 90.00
IRS37/GY244 <021 175 1550  127.00  206.00  286.00  268.00  780.00 300.00
WL5/GY246 002 137 3990  209.00  297.00  298.00  163.00 < 375.00 35.00
IRS42/GY252 1.31 3250 270.00 1060.00 1630.00  2100.00 .2080 3450.00  2940.00 < 35.00
GY253 020 539 32.70 64.70 60.40 53.30 30.90 3.18

WL6/GY254 < 0.06 072 31.10 925.00  1440.00 1730.00  4360.00  5110.00 < 75.00
CRBRS5 <001 006 226 54.00  131.00  191.00  198.00  1340.00 < 921.00
IRS43/GY265 < 0.06  4.01 84.30  629.00 1240.00 1790.00  2190.00 967.00  090.0
IRS44/GY269 < 0.38  3.46 47.00  731.00  1830.00 34700.00 < 576.00  180.00
IRS45/GY273 0.81 1220 60.70  187.00  272.00  382.00  481.00 2.001 1058.00 < 40.00
IRS46/GY274 033  9.03 7750 271.00  402.00  411.00 90.00
IRS47/GY279 1.19 2540 164.00  740.00 1190.00 1580.00  P040. 1720.00 1336.00 < 20.00
GY289 056 824 29.10 45.60 41.90 36.80 56.50

GY291 053 818 27.50 54.20 69.50 84.80  108.00 94.50

IRS48/GY304  94.60 305.00 618.00 1410.00 1600.00  4060.00 00.60 240.00
IRS51/GY315 0.24 1440 169.00  752.00  916.00 1000.00  1070.02730.00  3260.00  124.00  165.00
IRS54/GY378 214  34.30 218.00 712.00  931.00 1010.00  3B60.06500.00  340.00 < 120.00

Note: Values in italic were not used for the SED ts.



Table A.2. Flux densities, in Jy, obtained from the IRS spectra for tB® Ss.

Name/ [ m] 10.0 10.5 11.0 115 12.0 12.5 13.0 13.5 14.0 14.5 15.0 155 0 16. 165 17.0 175 18.0
DoAr25 0.23 0.23 0.24 0.27 0.25 0.25 0.23 0.23 0.24 0.22 024 250 0.28 0.30 0.33 0.36 0.37
IRS14 0.022 0.022 0.040 0.094 0.096 0.11 0.098 0.081 0.066 0610. 0.062 0.066 0.073 0.11 0.11 0.095 0.067
WL12 0.93 13 1.7 2.3 3.0 3.7 4.1 4.3 4.5 4.7 4.1 4.1 4.4 4.2 43 4 4 45
WL22 0.16 0.25 0.62 0.87 1.0 14 11 11 0.96 0.96 0.44 048 609 15 13 14 11
WL16 13 15 4.4 5.1 4.8 6.3 4.4 3.8 3.2 2.9 2.6 2.4 2.9 4.4 40 9 3. 27
WL17 0.18 0.21 0.27 0.31 0.34 0.37 0.42 0.48 0.48 0.52 051 405 0.64 0.64 0.70 0.74 0.76
WL10 0.17 0.18 0.19 0.20 0.21 0.21 0.21 0.22 0.22 0.22 023 4 0.2 0.25 0.26 0.27 0.27 0.28
EL29 7.2 9.5 12. 16. 19. 22, 23. 24, 24, 26. 22. 22, 24, 24, 24, . 25 25,
GY224 0.27 0.30 0.34 0.37 0.38 0.39 0.40 0.43 0.45 0.47 0.48 48 0. 0.53 0.56 0.60 0.62 0.63
WL19 0.053 0.071 0.077 0.096 0.13 0.15 0.15 0.16 0.17 0.18 6 0.1 0.15 0.16 0.14 0.14 0.15 0.14
WL11 0.012 0.014 0.011 0.010 0.014 0.014 0.015 0.019 0.017 0170. 0.022 0.021 0.027 0.029 0.034 0.037 0.033
WL20 0.34 0.45 0.59 0.73 0.83 0.89 1.0 12 1.4 1.6 1.6 18 23 5 2. 28 3.1 3.4
IRS37 0.13 0.17 0.22 0.26 0.29 0.33 0.35 0.37 0.39 0.43 0.40 42 0. 0.49 0.53 0.57 0.63 0.66
WL5 0.015 0.021 0.029 0.037 0.052 0.064 0.062 0.066 0.065 660.0 0.047 0.047 0.068 0.079 0.088 0.11 0.098
IRS42 1.8 2.0 2.3 2.4 21 21 21 21 21 2.2 2.1 21 2.4 2.4 24 6 2 27
GY253 9.4e-05 0.00031 -0.0015 -0.0021 0.0024 0.00084 8.00D.0059 0.0035 0.0023 0.0051 0.0024 0.0047 0.0048  0.00800092. 0.0058
WL6 0.73 0.92 11 14 1.6 1.8 2.0 21 2.2 2.4 1.9 2.0 2.4 25 26 .7 2 28
CRBRS85 0.066 0.10 0.14 0.18 0.23 0.27 0.31 0.35 0.39 0.43 0.350.37 0.49 0.51 0.55 0.62 0.65
IRS43 0.87 1.2 1.7 2.3 2.9 3.5 4.0 4.4 4.9 5.4 4.0 4.4 5.6 5.8 6.3 6.8 7.3
IRS44 15 2.4 3.5 5.3 7.2 8.7 10. 12. 13. 15. 13. 14. 17. 18. 20. 2. 2 24
IRS45 0.34 0.40 0.44 0.48 0.46 0.48 0.48 0.50 0.52 0.53 049 52 0. 0.59 0.57 0.60 0.64 0.63
IRS46 0.31 0.39 0.48 0.57 0.66 0.72 0.76 0.81 0.83 0.87 0.85 88 0. 0.93 0.96 1.0 1.0 11
IRS47 1.2 13 15 16 16 1.6 1.6 1.6 17 17 14 15 17 1.6 17 7 1 18
GY289 0.0039 0.0065 0.0080 0.011 0.013 0.014 0.015 0.021 180.0 0.019 0.024 0.023 0.030 0.035 0.037 0.041 0.036
GY291 0.055 0.060 0.063 0.064 0.062 0.062 0.063 0.065 0.063.0640 0.064 0.063 0.075 0.085 0.091 0.095 0.091
IRS48 2.4 2.6 4.3 4.7 4.5 4.9 4.6 51 5.8 6.7 8.0 9.2 12. 14. 6. 8 1 20
IRS51 1.2 13 13 13 13 12 1.2 13 13 1.4 11 13 17 1.8 20 1 2 22
IRS54 0.48 0.59 0.73 0.89 1.0 1.1 1.2 1.2 1.3 1.4 1.4 15 1.7 17 1.8 1.9 2.1

Note: Values in italic were considered uncertain and weteised for the SED ts.
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