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ABSTRACT

Context. We report on théderschel Gould Belt survey (HGBS) of the Chamaeleon Il (Cha Il) stanfimg region, focusing on the
detection of Class | to Il young stellar objects (YSOSs).

Aims. We aim at characterizing the circumstellar material arotiese YSOs and understanding which disk parameters are most
likely constrained by the new HGBS data, expected to be artmistudy the transition from the optically thick disks tetevolved
debris-type disks.

Methods. We recovered 29 out of the 63 known YSOs in Cha Il with a dedecin at least one of the PACSPIRE pass-bands: 3
Class |1 YSOs (i.e.,100%), 1 Flat source (i.e., 50%), 21 Qlasljects (i.e., 55%), 3 Class Il objects (i.e, 16%) and tinelassified
far-infrared source IRAS 12522-7640. We explore PASEERE colors of this sample and present modeling of theictspleenergy
distributions (SEDs), from the optical up ltterschel’s wavelengths, using the RADMC-2D radiative transfer code

Results. We find that YSO colors are typically confined to the follownamges=-0.7 < l0g(F7o/F1s0) < 0.5,-0.5 < log(F160/F2s50) S
0.6, 005 < log(F2s0/Fss0) < 0.25 and-0.1 < log(Fas0/Fso0) < 0.5. These color ranges are expected to be only marginally
contaminated by extragalactic sources and field stars amd:eh provide a useful YSO selection tool when applied attogy. We
were able to model the SED of 26 out of the 29 detected YSOs.i¥¢esk the degenerabynitations of our SED fitting results and
adopt the Bayesian method to estimate the probability féédint values for the derived disk parameters. The Cha Il Yj8€sent
typical disk inner radiis0.1 AU, as previously estimated in the literature on thesbebpitzer data. Our probability analysis shows
that, thanks to the newerschel data, the lower limits to the disk mass M) and characteristic radius ¢Rare well constrained,
while the flaring angle (& phi) is only marginally constrained. The lower limit ta:Rs typically around 50 AU. The lower limits to
Mgisk are proportional to the stellar masses with a typical 0.386,rae., in the range estimated in the literature for yo@igss Il
stars and brown dwarfs across a broad range of stellar massesstimated flaring angles, although very uncertaimtgoivards
rather flat disks (£phi <1.2), as found for low-mass M-type YSO samples in other staming regions. Thus, our results support
the idea that disk properties show a dependence on stetlpegties.

Key words. infrared: stars — stars: pre-main sequence — Protoplanetary disks — ISM: clouds, ISM: individual objects: Chamaeleon I
— instrumentation: Herschel

1. Introduction summary of these studies is given in Section 2.1 by Spez#l et a
. . . 2008). Starting from 1977, early objective-prisna lHurveys

Chamaeleon Il (Cha ll) is a low-mass star forming regionieda i(dentif)ied the fi?st T Tauri stars i)r/1 thcja regiorl?. Later on,ynear
in the Chameleon-Musca complex (see Luhman 2008, for a {§+jq-infrared (IR) studies reported the presence of erdéed
cent_rrewew). Because of |t5_ proximity (188 pci Whittet etal. 565 | and 11 sources and ROSAT X-ray observations revealed
1997), young age (&2 Myr; ISpezzi et al. 2008) and compaciye nresence of a number of weak T Tauri stars. More recently,
structure (it extends over I_ess thaBded in th_e sky), it has been deep optical to mid-IR imaging and follow-up spectroscopy o
the target of sev_eral multl-wavelength studies over the-as servations provided a complete census and charactenizatio
years. The credit for the observational exploration of theng 6 young stellar population in this region down to the brown
stellar population of Cha Il goes to many authors and a @etaily it regime. In 2003, Cha Il was chosen as one of the targets

Send offprint requests to; L. Spezzi, e-maill spezzi@eso . org of the Spitzer Space Telescope Legacy Program “From Molec-

* Herschel is an ESA space observatory with science instruments piglar Cores to Planet-forming Disk” (c2d; Evans et al. 2008) a
vided by European-led Principal Investigator consortidwith impor- ~ these data allowed us to explore, for the first time, the pegse
tant participation from NASA. of circumstellar disks around the young stellar objects@Q¥5in
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Fig. 1. SPIRE-250um map of Cha Il. The continuous and dashed lines highlightatieas previously mapped in the infrared wahitzer

[2008) and in the optical with ESO-2.2WFI (Spezzi et di. 2007), respectively. The squares are B@sdetected by the HGBS
(Table2). The triangles indicate the position of previgusiown YSOs not detected by the HGBS (TdHle 3). The contaors ftheSpitzer/IRAC
extinction mapl(Alcala et &l. 2008) are also shown.

Cha Il. The overall results of this survey (Alcala etal. 2088d cloud filaments, prestellar condensations and Class 0gtes
reference therein) show that the disk fraction in Cha 1l 8086) These questions will be addressed, for the specific caseeof th
is exceptionally high in comparison with other star forroatie- Chamaleon complex, in Alves de Oliveira et al. (2013, in prep
gions of similar age. Several of these YSOs show significamattion). Additionally, data from the HGBS can be exploited t
mass accretion, and Biazzo et al. (2012) determined thessmatudy the far-IR and sub-millimeter (sub-mm) emission from
accretion rates. more evolved Class | to Ill YSOs. These data are expected
Altogether, these studies make Cha Il one of the best studtedgreatly improve the determination of circumstellar disk
nearby star forming regions and our knowledge of its pojriat rameters such as disk mass and degree of ﬂm etal
is comparable to that of other well studied nearby star fogmil2012b), which are crucial to understand the multifacetetkaiti
regions, such as Taurus and Orion. For this reason, Cha Il haslear transition from the optically thick disks to the el
been included in thélerschel Gould Belt survey (HGB% key debris-type disks, and the associated planet-forminggss(see
project (André et dl. 2010). The ultimate goal of the HGBS Miilliams & Cieza 2011, for a recent review).
to elucidate the formation mechanisms of prestellar cords o i i
of the difuse medium, crucial for understanding the origin of [N this paper, we focus on the PAGSPIRE detections and

the distribution of stellar masses, through the obserpatiof Statistics of Class | to lll YSOs in Cha Il. Our aim is to char-
acterize the circumstellar material around these YSOs &anAd u

! httpy/gouldbelt-herschel.cea.fr derstand which disk parameters are reliably constrainetyus
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the new HGBS data. This statistical approach is of paramount
importance to fully exploitHerschel capabilities in the charac-
terization of disks around T Tauri stars, because most of the
work published so far focus on single objects (e.g., Ciezd et
2011; Harvey et al. 2012a). The only exception is the paper by
Harvey et al.|(2012b) which analyzes PACS-only data for asam
ple of ~50 very low-mass stars and brown dwarfs and, hence, itis
biased to lower stellar mass with respect to the sample prede
here. This paper is structured as follows. In Sect. 2 we descr
the observations and data reduction procedure. In Sect.ahwe
alyze the YSO sample detected by the HGBS in Cha ll. In §kct. 4
we explore the locus of YSOs in SPIFFACS color-color dia-
grams and, in Sedi] 5, we determine relevant disk paranfeters
our sample through spectral energy distribution (SED) rirode
ing. Finally, in Sect 6 we summarize our results and draw our
conclusions.

2. Observations and data reduction

The Cha Il dark cloud was observed with thierschel Space
Observatoryi(Pilbratt et &l. 2010) within the frame of the B>
(André et all 2010). The observations (Obs. ID 1342213180 an
1342213181) were conducted on 22-23 January 2011 in paral-
lel mode using both PACS (Photodetector Array Camera and
Spectrometer;_Poglitsch etal. 2010) and SPIRE (Spectidl an
Photometric Imaging REceiver; Giin et al. 2010). An area of
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3.5 ded, centered at R.A= 12'58™10° and Dec.= — 7792828, N Tl
was covered with PACS at 70 and 166 and with SPIRE at ; === 500 um ]

1 1

250, 350 and 50@m with a scanning speed of 80s. Addi- ' 01 1.0 10.0
tionally, PACS only maps at 100m were obtained on the 15 Flux (Jy)
January 2011 (Obs. ID 1342212708, 1342212709) with a scan

; dof 20 ; I . fabout 2.4 a ig. 2. Signal to noise ratio as a function of flux for point-like sces
ning speed of 20/s, covering a smaller region of about 2. €Gin our PACS (upper panel) and SPIRE (lower panel) maps as at@dp

(Fig.[1). The total observing time wad.2 hours, 6 h for the par- by getsources (version 1.121206) in the flux range covered by the Cha Il
allel mode and 6 h for the PACS-1@@n images. The observingysos.

strategy is described in more detail in André etlal. (2010).

In the case of PACS, the data were reduced using the . . .
Scanamorphos map-making software (version 10; RousidfsS taken around the source, using the coordinates @bl
2012). For SPIRE observations we used naaveMap and de- Spezzi et dl.[(2008) and the same aperture radii and carecti
striper algorithms within HIPE Kerschel Interactive Program- factors as for detec'ged sources. .
ming Environment, version 9; Qtt 2010). The full width atfhal Using the mult!-wavelength catalog _extrgc?ed W‘-‘#ﬁ'
maximum of the point spread functions (PSFs) indicatesttieat SOUrCes, we also estimated that the-Sietection limit for point-
spatial resolution of our maps i€ 69", 12, 20", 25’ and 36 like sources of our maps is150 mJy at 70 and 100m and
at 70, 100, 160, 250, 350 and 500, respectively. We note that~300 MJy at 160, 250, 350 and 5001 (Fig.2).
the PSF is slightly elongated in parallel fast scan speedemod
(LULZVZO%O)- " ed oach 0 check the detect 3.fStatistics and fluxes of known YSOs in Cha lI

e visually inspected each map to check the detection o
the known YSOs in Cha Il (see Seli. 3), using their coordi- detected by Herscne
nates as provided by Spezzi et al. (2008). For the YSOs gleafhe most complete census of YSOs in Cha Il up to date has
detected, the photometry (Tallé 2) was recovered from theen presented by Alcala et al. (2008) and Spezzi €t al. 2008
point-source catalog extracted from the PASBIRE maps us- The Cha Il young population consists of 63 objects. Theird.ad
ing the multi-wavelength source extraction algorithetsources  classification|(Lada & Wilking 1984) is as follows: no Class 0
(Men’shchikov et all 2012, version 1.121206 ); we adoptedadjects, 3 Class | objects, 2 Flat-spectrum sources, 3&dlas
searching radius of 15 corresponding to three times the typebjects, 19 Class Ill objects and IRAS 12522-7640, a far-IR
ical FWHM of the sources in our PACS-#fh map, and visu- source not classified because of the lack of near-IR data. We
ally checked the accuracy of the match for each YSO. An apenote that classification provided oy Alcala et al. (2008)asdxd
ture correction is applied to the fluxes extractedgetsources, on the SED slopea( of the line joining the flux measurements
taking into account the aperture radii recommended for eaat?.2um (K-band) and MIPS-24m, and the Lada class separa-
Herschel band, i.e., 12 for 70 and 10Qum, 22’ for 160 and tion as extended hy Greene et al. (1994), ez 0.3 for Class
250 um, 30’ for 350um, and 42 for 500 um (see the PACS I, -0.3 < a < 0.3 for flat-spectrum sources,1.6 < o < -0.3
Point-Source Flux Calibration Technical Note from Aprill2Q for Class Il sources, and < —1.6 for Class Il sources.
and Sect. 5.7.1.2 of the SPIRE Data Reduction Guide). No On the basis of our visual inspection of the PASBIRE
color correction is applied. When no source was detected, maps, we found that the HGBS observations detected 29 out of
computed a flux upper limit (Tablg 3) aslin Ribas etlal. (20133 known YSOs in at least one of the six pass-bands: 3 Class |
i.e., calculating the RMS of the sky emission over 100 aper¥SOs (100% of the previously known Class | sources), 1 Flat-
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Table 1. of Class | to lll YSOs detected by the HGBS in Cha IIl. We

report between brackets the percentage of detections esfiect to the T ! o ! T
total number of known YSOs in the given class. gi ! '
@) 1
Lada Class N. of detections ; : %
I 3 (100%) 2 - % t. ¢ :
Flat 1 (50%) - Lo[ %T%T #t ]
I 21 (55%) 2 5 1
11 3 (16%) - ! 8
Unknown 1 (100%) | ! ]
e A
@) 1
spectrum source (50% of the previously known Flat-spectrums : |
sources), 21 Class Il objects (55% of the previously knovas€l % |
Il population), 3 Class Il object (16% of the previously ko & s
Class Ill population) and IRAS 12522-7640. Table 1 summa- 0.1l ..o v v v 0 i
rizes the statistics of HGBS YSO detections in Cha Il. In €&bl 10° 10° 10 10°
we report the PACS and SPIRE fluxes for these 29 objects, to- Flux PACS-70um (mJy)

gether W't_h their spectra type, Lada class, _HGBS coordma;g . 3. Comparison between the flux at zfh as measured by PACS

and the distance between the HGBS coordinates and the cgfythe flux measured by MIPS at the same wavelength for theSZasY

dinates reported by Spezzi et al. (2008) and Alcala et a0§PO0 in Cha Il detected by the HGBS. The solid line and shaded awdia i

we note that this distance varies from a few to a few-tenth akgte the median value and the RMS of the flux ratio, respégtilde

sec, in agreement with the spatial resolution of the HGBSamagrow-head line displays the MIPS-7n flux range of Cha Il YSOs

(Sect[2). not detected by PACS. The dashed line indicates the PAG3¥76o
For the sake of Comp|eteneSS’ we report in Tﬂ)'e 3 the f|thection limit. The clear outlier is Sz 49, the faintest Y&8&ected by

upper limits in each band for the 34 undetected YSOs. We ca#CS-

not add new information on these sources and, hence, do not

treat them further in this paper. However, we notice thatthe

timated upper limits are consistent with the Lada clasgiica _; . ; ; ;
. r z is of Spitzer IRAC/MIPS colors. By usingyitzer observations
and the SEDs presented for these objects by Alcala et aIS][ZO@f theagerpens star forming regign and the SWIRE catalog of

As an additional check of our data reduction and flux e>é'xtragalactic sources (Lonsdale etlal. 2003), these autter

traction procedures, we also compared theimBflux of the de- ined the boundaries of the YSO locus in several IRADS
tected YSOs as measured by PACS with the flux measurecL r-magnitude and CC diagrams. Their criteria have pnage

the same wavelength witBpitzer/MIPS (Alcala et al. 2008). In ; ; :

: . provide an optimal separation between young stars and -galax
Fig.[3 we s_howthe ratios of the PACS anql MIPS fques gm0 ies, with the fraction of remaining contaminants estimatied
as a function of the PACS fluxes. We find a typical value §fo"30,nd 30% (e.gl, Spezzi et al. 2008; Oliveira 5t al. 2009
1.18 for this ratio and a RMS of 0.24, meaning that t_here IS [¥eza et all 2010) and have been applie'd to select YSO caﬁ-
significant shift between the two datasets. Consideringitie didates in all star'forming regions observed within the feam
certainties on PACS and MIPS flux measurements, the only C|%¢’fl the Spitzer c2d (Evans et al. 2009) angbitzer Gould Belf

outlier is IRAS 12496-7650, for which the PACS-zf flux is ] . 3
almost three times larger than the MIPS##8 one; we visually hi%?ﬁgl|Sel{[r;|ey280§?{.g|5u§ﬁgﬁqzle?ta?l'2(2)(1)%)1’ Peterson et all; 201

inspected this source in the PAGBPS mosaics and found out
that its MIPS-7Qum flux (36.5 Jy| Alcala et al. 2008) is slightlyYS
above the saturation limit of the MIPS mosaic, where saitumat i
for point-like sources in low backgrounds occurs aroundy3 lj;
(Evans 2007).

Moreover, Fig[B shows that we basically detect with PAC
all YSOs with flux density greater than100 mJy in MIPS-
70 um. This value is slightly lower than thes5detection limit
of our PACS-7Qum photometry (Secf]2).

Harvey et al. |(2007) provided a YSO selection tool on the ba-

In this section we provide a similar tool to identify clags |
O candidates on the basis of PASBIRE colors. Such a tool
extremely useful to identify probable YSOs when no comple
entary opticghear-IR observations are available, and can also
used to estimate the level of stellar contaminatidtiérschel
tragalactic surveys. However, we stress that this is awer
liminary attempt because of the small amount of PARFSRE
fluxes for confirmed YSO and galaxy samples published so far.
We first collected from the literature PACSPIRE fluxes for
confirmed YSOs. Beside the 29 objects in Cha I, our final sam-
4. Exploring the YSO locus in PACS/SPIRE plt;e_ includess 49 objefcts in CTafll((\)/gir\l(s;%\ etLa}Il(- 2&112) antlll 28
. ; objects in Serpens, for a total o s. Like Chamaeleon,
color-color diagrams Serpens is one of the clouds observed within the frame of the
Infrared color-color (CC) diagrams are traditional diagnoHGBS; theHerschel fluxes for the YSOs in this cloud were re-
tic tools for the investigation of circumstellar matter anol trieved from the catalog obtained by Bressert et al. (20h8)aa
YSOs (Hartmann et al. 2005; Lada etial. 2006, and referenpaper focused on this population is in preparation (Spezdi e
therein). However, the identificatigalassification of YSOs on 2013). We also used, for comparison purposes, the PACS fluxes
the basis of mid to far-IR colors is not trivial because of thef ~50 young very low mass stars and brown dwarfs (BDs) pub-
high level of contamination (Sect. 3.1 by Evans et al. 2008shed by Harvey et all (2012b), and the predicted colordlamd
Harvey et al! 2007; Oliveira et gl. 2009). Indeed, YSO colodensities of protostars in PACS and SPIRE filters by Ali et al.
in this wavelength regime are very similar to those of mar(2010); these colors are based on a grid of 20160 model SEDs
background galaxies and, to a smaller extent, may also be mim
icked by highly reddened stellar photospheres of older fiedts. 2 httpy/www.cfa.harvard.edgouldbelt
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Table 2. Herschel PACS (70 to 16Q:m) and SPIRE (250 to 500m) fluxes for known YSOs in Cha Il detected by the HGBS.

Main Spectral Lada RA(J2000)DEC(J2000y Dist® 70um* 100um*  160um*  250um*  35Qqum*  500um*
Designation Typé Class$ (hh:mm:ss) (dd:mm:ss) ”f  (Jy) Jy) Jy) Jy) Jy) Jy)
IRAS 12416-7703 M2.5 1l 12:45:07.85 -77:20:12.29 4.8 6082 OOH <9.00 <0.02 <0.13 <0.15
IRAS 12496-7650 FO 1l 12:53:17.12 -77:07:10.86 0.3 108@a9 79.2%0.20 46.160.59 24.840.38 15.140.62 11.820.32
IRAS 12500-7658 KS | 12:53:42.83 -77:15:11.78 0.2 240.03 2.440.02 2.040.05 1.5@0.06 0.980.07 0.490.13
IRAS 12522-7640 - - 12:55:50.06 -76:56:10.03 10.8 1M04 0.840.05 0.8%0.10 0.980.19 0.930.20 0.480.08
IRAS 12535-7623 MO 1] 12:57:11.96 -76:40:10.02 1.6 @Q2m®M2 0.130.01 0.1320.03 0.040.06 <0.04 <0.02
WFI1J12585611-7630105 M5 n 12:58:55.62 -76:30:10.77 1.70.15:0.02 0.140.01 0.0%0.03 0.060.03 <0.03 <0.03
ISO-CHAII 28 K4.3 | 12:59:06.68 -77:07:40.41 0.5 84804 6.620.03 5.3%0.10 11.7%0.30 14.1@0.58 33.7@0.49
c41 M55 F 12:59:11.39 -76:51:02.91 5.3 (002 0.1%0.02 0.440.06 0.130.07 0.040.06 <0.03
Sz 49 M0.5 I 13:00:53.51 -76:54:14.32 1.1 0403 0.180.01 0.150.03 0.140.02 0.1%0.03 0.0%0.03
Sz 50 M3 1l 13:00:55.46 -77:10:23.25 1.4 048802 0.5%0.02 0.3%0.07 <0.15 <0.03 <0.01
RX J1301.0-7654a K5 1] 13:00:56.56 -76:54:.04.45 2.9 @0P1 0.0x0.00 <0.14 <0.03 <0.03 <0.02
IRASF 12571-7657 K3 I 13:00:59.60 -77:14:.02.95 1.3 @G6®2 0.3%0.02 0.240.05 <0.10 <0.06 <0.03
Sz 51 K8.5 1l 13:01:58.33 -77:51:22.76 2.2 0£B02 0.16:0.01 0.220.06 0.040.02 <0.02 <0.02
CM Cha K7 Il 13:02:13.71 -76:37:57.11 0.9 045803 0.460.03 0.430.02 0.430.02 0.3&0.01 0.26:0.01
IRAS 12589-7646 M4 ] 13:02:50.60 -77:02:47.46 9.7 <0.03 1.730.00 0.080.03 <0.02 <0.02 <0.02
Hn 22 M2 1] 13:04:23.57 -76:50:04.27 3.1 0488903 0.320.02 <0.48 <0.37 <0.28 <0.19
Hn 23 K5 1] 13:04:23.94 -76:50:03.85 2.5 0£8802 0.3%0.03 <0.48 <0.37 <0.28 <0.19
Sz 52 M2.5 1l 13:04:24.93 -77:52:31.46 1.4 <0.18 0.04-0.02 <0.90 <0.09 <0.06 <0.10
Hn 24 MO 1] 13:04:55.94 -77:39:50.41 1.4 02802 0.250.01 0.2%0.07 <0.15 <0.09 <0.01
Hn 25 M25 I 13:05:08.47 -77:33:4258 0.1 0&4202 0.230.01 0.120.03 0.120.06 <0.02 <0.01
Sz 53 M1 1l 13:05:12.68 -77:30:52.68 0.1 04m02 0.150.02 0.020.03 0.040.04 <0.04 <0.01
Sz 54 K5 Il 13:05:20.99 -77:39:00.91 0.8 04202 0.2&80.02 0.240.07 <0.10 <0.03 <0.01
STc2d J130529.0-774140 — 1 13:05:27.08 -77:41:21.51 146.43 0.040.02 <0.31 <0.16 <0.24 <0.30
Sz 56 M4 1l 13:06:38.69 -77:30:34.47 0.9 0«01 0.020.00 <0.02 <0.06 <0.06 <0.05
Sz 58 K5 Il 13:06:57.29 -77:23:41.16 0.4 0#£¥02 0.9%0.02 1.0%0.05 0.820.09 0.640.11 0.430.11
Sz 59 K7 1l 13:07:09.10 -77:30:30.38 0.4 04502 0.320.01 0.160.03 0.11%0.03 <0.04 <0.04
IRAS 13036-7644 - A 13:07:37.02 -77:00:26.17 6.1 840.06 OOH 9.83:0.64 32.7#£0.49 30.930.43 19.720.24
Sz 61 K5 1l 13:08:06.41 -77:55:05.37 0.4 0#4H03 0.450.02 0.490.03 0.45%0.03 0.46:0.03 0.4%0.08
Sz 63 M3 Il 13:10:04.32 -77:10:43.99 0.9 002 OOH 0.36:0.02 0.25-0.01 0.12:0.01 0.120.01

* From[Spezzi et 4l (20D8).
* From[Alcal et dl.[(2008).
* Coordinates are from the PACS-/fh map. For IRAS 12589-7646, Sz 52 and STc2d J130529.0-77¢datdinates from the PACS-1@0n map are reported.
4 Angular distance between the HGBS coordinates and the icated reported by Spezzi ef al. (2008) and Alcala let al.§p00
* The reported uncertainties are flux extraction errors fgetsources. The absolute calibration errors for PACS and SPIRE are 58486 respectively (see PACS
and SPIRE observer manuals).
* Estimated by J.M. Alcala (private communication).
¢ From|Lehtinen et all (2005).
' out Of Field (see Sedd] 2).

of low-mass protostars obtained by considering emissiomfr ii) the active AGN locus defined by Hatziminaoglou et al. (€p1
four main components (a central object, a flared disk, a-rotan the basis of theMerschel Multi-tiered Extragalactic Survey*
ing collapsing envelope and a bipolar cavity) and varyingrth (HerMES) observations.

Finally, we estimated the expected colors of main sequence
) stars and BDs, with no infrared excess emissionHatschel

We performed the same literature search for PABFPSRE \yavelengths, by convolving the stellar photosphere models
fluxes_ of extragala}ctlc_ sources and collected a _sample of &6 Hauschildt et al. | (1999) and Allard et al. (2000) with the
galaxies: 35 galaxies in the Virgo cluster (Corbelli eLd112) pACYSPIRE filter response curves. We considered models with

configuration parameters.

and 61 nearby galaxies from the KINGFISH survey (Dale ot &lective temperature between 2000 and 10000 K andj4&g

2012). The sample in the Virgo cluster consists of late tyRg appropriate for main sequence stars and BDs. We then in-
star-forming galaxies, from weakly barred spirals (Sab)rt0 yestigate the variation of these synthetic colors as a fomcif
regular galaxies with no bulge component (Sm), some of thegldening assuming the Weingartner & Draine (2001) extinct
h|gh|y disturbed by the dense cluster environment. The K‘IN%W for RV: 3.1 (i_e_, dffuse interste”ar-medium)_

FISH sample includes galaxies spanning wide ranges in lumi- e investigate the positions of these YSO, galaxy and red-
nosity (over a factor of 19, opticafinfrared ratio (over a fac- dened photosphere samples on a combination of PARIRE

tor of 10%), metallicity, gas fraction, iH, ratio, star forma- cc diagrams, where colors are defined as the logarithm of the
tion rate, morphology and bar strength; all normal galaxyes/ ratio of the flux densities measured in twdtdrent bands. Fig-

are represented and there are several galaxies with nbelei {;refZ jllustrates three flerent PACSSPIRE CC diagrams. Their
are clearly distinguished by Seyfert or LINER charact@sst jnspection shows that the YSO population in Cha I, Cha | and

but none of them has an active galactic nucleus (AGN). W

rpens share the same color ranges and about 80% of the YSOs

also used, for comparison purposes i) the galaxy locus defing these three clouds are confined in the following locusifind
by |[Amblard et al. [(2010) on the basis of sources detected Pxted by the red-striped areas in the Eig. 4):

the Herschel-ATLAS (Herschel Astrophysical Terahertz Large

Area Survey) observations, consisting of a flux-limited pam
of about 2000 galaxies in the GAMA-9 field near the ecliptiC

plane, covering a wide range in redshifg(@ <4 with an aver-

age value of 2.2 ) and with an average dust temperatw2®K;

0.7 < log(F70/F160) < 0.5

—0.5 5 l0g(F160/F250) < 0.6

1)
)
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Table 3. Flux upper limits for known YSOs in Cha Il not detected by th@Bf.

Main Spectral Lada RAJ2000 DECJ2000 70um 100pum 160um  250um  35Q:um  500um
Designation Typé Clas$ (hh:mm:ss)  (dd:mm:ss) Jy) dy) Jy) y) Jy) y)
IRAS 12448-7650 MO0.5 I 12:48:25.70 -77:06:36.72<0.04  <0.03 <0.03 <0.04 <0.04 <0.03
IRASF 12488-7658 M5.5 1 12:52:30.49  -77:15:12.92<0.01 <0.01 <0.01 <0.05 <0.05 <0.04
WFI J12533662-7706393 M6 1] 12:53:36.62 -77:06:39.31<0.01  <0.07 <0.07 <0.19 <0.23 <0.34
c17 M1.5 1 12:53:38.84  -77:15:53.21 <0.01 <0.01 <0.07 <0.07 <0.10 <0.10
Cc33 M1 1} 12:55:25.72  -77:00:46.62 <0.01 <0.01 <0.08 <0.10 <0.12 <0.14
Sz 46N M1 Il 12:56:33.59 -76:45:45.18 <0.08 <0.01 <0.18 <0.05 <0.04 <0.03
Sz 47 - 1] 12:56:58.63 -76:47:06.72 <0.00 <0.00 <0.00 <0.06 <0.08 <0.08
SSTc2d J125758.7-770120 M9 1] 12:57:58.70  -77:01:19.5€0.02  <0.02 <0.05 <0.04 <0.05 <0.04
ISO-CHAII 13 M7 1] 12:58:06.67 -77:09:09.22 <0.07 <0.10 <0.10 <0.25 <0.28 <0.20
WFI J12583675-7704065 M9 1} 12:58:36.75 -77:04:06.53<0.00  <0.02 <0.01 <0.05 <0.07 <0.10
ISO-CHAII 29 MO 1] 12:59:10.19 -77:12:13.72 <0.05 <0.09 <0.59* <1.34 <224 <265
IRAS 12556-7731 M5 I} 12:59:26.50 -77:47:08.70 <0.90  <0.36 <0.05 <0.16 <0.15 <0.09
WFI J13005297-7709478 M9 I} 13:00:52.97 -77:09:47.77<0.10  <0.03 <0.20 <0.20 <0.20 <0.30
Sz 48NE MO0.5 1] 13:00:53.15 -77:09:09.18 <0.02  <0.03 <0.07 <0.23 <0.31 <0.28
Sz 48SW M1 I 13:00:53.56 -77:09:08.28 <0.02  <0.03 <0.07 <0.23 <0.31 <0.28
WFI J13005531-7708295 M2.5 1] 13:00:55.31 -77:08:29.54<0.00  <0.00 <0.00 <0.19 <0.27 <0.57
C50 M5 Il 13:02:22.82 -77:34:49.51 <0.00 <0.00 <0.03 <0.09 <0.10 <0.10
RX J1303.1-7706 MO 1] 13:03:04.46  -77:07:02.75<0.02  <0.01 <0.01 <0.02 <0.02 <0.03
C51 M4.5 1l 13:03:09.04  -77:55:59.52 <0.01 <0.01 <0.01 <0.05 <0.06 <0.06
WFIJ13031615-7629381 M7 I} 13:03:16.15 -76:29:38.15<0.00 OOH! <0.01 <0.01 <0.04 <0.01
SSTc2d J130521.7-773810 C F 13:05:21.66 -77:38:10.140.02 <0.01 <0.01 <0.02 <0.02 <0.20
SSTc2d J130540.8-773958 L1 1] 13:05:40.80 -77:39:58.2&0.00 <0.01 <0.01 <0.16 <0.22 <0.29
Sz 55 M2 1] 13:06:30.49 -77:34:00.12 <0.02 <0.05 <0.01 <0.04 <0.03 <0.08
Sz 57 M5 Il 13:06:56.56  -77:23:09.46 <0.05 <0.90 <0.14 <0.03 <0.04 <0.04
c62 M4.5 Il 13:07:18.04 -77:40:53.00 <0.04  <0.02 <0.01 <0.12 <0.20 <0.19
Sz 60W M1 I 13:07:22.30 -77:37:22.62 <0.04 <0.06 <0.06 <0.03 <0.02 <0.02
Sz 60E M4 Il 13:07:23.33  -77:37:23.20 <0.04 <0.06 <0.06 <0.03 <0.02 <0.02
Hn 26 M2 Il 13:07:48.50 -77:41:21.73 <0.02  <0.05 <0.13 <0.09 <0.12 <0.13
C 66 M4.5 Il 13:08:27.19 -77:43:23.41 <0.03  <0.03 <0.10 <0.13 <0.48 <0.66
IRASF 13052-7653NW MO0.5 1] 13:09:09.81 -77:09:43.52 <0.04 OOH <0.07 <0.02 <0.01 <0.02
IRASF 13052-7653K M1.5 1] 13:09:10.98 -77:09:44.14 <0.04 OOH <0.07 <0.02 <0.01 <0.02
Sz 62 M2.5 1] 13:09:50.44  -77:57:23.94 <0.02 <0.06 <0.08 <0.06 <0.05 <0.03
2MASS 13125238-7739182 M4.5 1] 13:12:52.37 -77:39:18.580.03  OOH <0.01 <0.01 <0.01 <0.01
Sz 64 M5 Il 13:14:03.83 -77:53:07.48 <0.03 <0.03 <0.10 <0.03 <0.03 <0.03

 Spectral types and Lada classes are from Spezzl &t al| (2a0@8Alcala et d1[(2008), respectively.
* Coordinates are from the optical survey by Spezzi el al.§200

* The object is located in a region with strong background siniis

¥ Binary system[(Spezzi etlal. 2008).

' out Of Field (see Seddl 2).

returns a probability close to 1, or at least not near zerthef
0.05 5 log(F250/F3s0) < 0.25 (3) two populations were drawn from same parent distributiowl, a

a probability close to O if this is not the case. Tdble 4 sunirear

the results of the K-S test for the CC distribution in the éhae
-0.1 < log(F3s0/Fso0) < 0.5 ) agrams presented in Fig. 4. When comparing each of the YSO

These color ranges are consistent with the PBPSRE populations in Cha I, Cha | and Serpens with the galaxy sam-

colors predicted by Alietal.| (2010) for protostars and witble, we find a very low probability, of the order of 1.e-6 or Bve
the PACS colors of the sample of young very low-mass statre-9. Thus, the K-S test indicates that the distributiorhef
and BDs published by Harvey etal. (2012b). PASBIRE YSO populations on PAGSPIRE CC diagrams is significantly
colors of reddened photospheres are close to zero regardiferent than the distribution of galaxies.
of the assumedfiective temperature and are unlikely to con-
taminate the YSO locus defined above, which is restricted to

log(F250/F350) = 0.05, even assuming a very high extinction ) . .
(i.e., Ay=100 mag). Galaxies with a broad range of dust temper- We then conclude that Equations 1-4 provide a reliable YSO

atures and redshifts (Amblard ef al. 2010; Corbelli et allz20 selection tool Wher_1_applied altogether, i'?' for YSO_me_gatin
Dale et al| 2012) occupy regions in PAGRIRE CC diagrams the four color conditions. Indeed, Fig. 4 (right panel) aitsdi-
which marginally overlap with the YSO locus defined by u ate that, when only SPIRE co_lors are available, YS_Os cannot
with the expected level of contamination being about 10%. \H€ Singled out because of the high level of extragalactitazon

performed a two-dimensional (2D) Kolmogorov-Smirnov (K-sination, in particular by AGNSs, sharing the same SPIRE alor
test in order to prove that the distribution of YSOs and galagS_YSOs. However, as demonstrated by Hatziminaoglou et al.
ies in PACSSPIRE CC diagrams are significantlyfiérent. We (2010), AGN samples can be very well separated from the non-

used the IDL routinds2d by P. YoachirB. This routine requires AGN. star forming galaxy populations, YSOs, etc., usingm€o

in input the two 2D arrays to be compared (which are in our ca@i§ation of pitzer-MIPS andHerschel-SPIRE colors, specifi-

the SPIREPACS col fthe YSO and gal lati , n%ally the logE2s0/F70) vS. l0gF70/F24) CC diagram. Indeed,
© ik colorsorine and galaxy populations), a as shown in Figurd]5, none of the YSOs in Cha Il falls in the

3 httpy/www.as.utexas.eduyoachinidl/py_idl.html AGN area of this diagram.
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Fig. 4. PACYSPIRE color-color diagrams, where colors are defined asotjrithm of the ratio of the flux densities in Jy measured ia tw
different bands. The black filled circles are the YSOs in Cha lllethe magenta diamonds and blue triangles are YSOs in Qankfon et al.
2012) and Serpens (Bressert €t al. 2013), respectively.rddstriped areas mark the YSO loci proposed in this worke @jpen squares and
circles represent the galaxy samples by Dale let al. (20XfCanbelli et al.|(2012), respectively. The green-filledeadésplay the predicted colors
for stellar photospheric emission. The arrow indicatesAfe100 mag reddening vector. The solid and dot-dashed lindwimiddle and right
panels indicate the loci of galaxies in therschel-ATLAS catalog and AGNs in thelerschel-HerMES survey, respectively. In the left panel, the
grey-filled area is the protostar locus predicted by Ali e(2010), while the arrow-head line displays the Bgf/ F1s0) color range of the very
low-mass stars and brown dwarfs|by Harvey et al. (2012b).

Table 4. Results of the 2D Kolmogorov-Smirnov test comparing thﬁhaps of about 300 mJy for PACS and 500 mJy for SPIRE. Fi-
distribution of YSOs and galaxy in PAGSPIRE CC diagrams (Figl 4). nally, the catalog df Harvey etlal. (2012b) contains an useia

sample specifically selected to include young objects ateer b

CC diagram ch 'IDIVObabi"Iﬁy _ Cpgolbab”wl . SPrObab”W i Jow the sub-stellar limit in nearby star forming regions aticbf
Fa/Faso Vs Fro/Fioo 2 6\'_ Z’_gg e asf_'o%a es erp?f_ gg - 928 em were detected abovea Rvel of a few mJy in PACS pass-
Fas0/F350 VS. F160/F250 2.6-07 8.e-07 6.6-07 bands. The overall YSO sample span the spectral type range
F250/F3s0 VS. Fas0/Fs00 4.e-07 7.e-09 2.e-08 M/K, with only a handful of late G-type objects (e.g, see Table 2

 The computed probability is 1 for two populations drawn freame parent ~ Of this paper, Table 1 by Winston et al. (2012) and Table 3 by
distribution, and 0 for two populations with ideallyfiiirent distributions. Harvey et al.[(2012b)).
The galaxy sample was collected from several extragalactic
surveys conducted witHerschel. The sample by Corbelli et al.
4.1. On the completeness of the YSO and galaxy samples (2012) in the Virgo cluster is a magnitude-limited group &f 3

X 0 i
The lists of poi_nt—like sources observe_d by the HGBS pubﬁShPégzesc?tt)ot?hgngﬁ%ﬂ?f&is’ %)%?eﬁ’ef g|m ?é%tf z;j?\gg otr(t) 015 ﬂ‘l]})/( with
so far are limited to previously confirmed YSOs (this Worlﬁimits of 5.2 07 04 a.nd 0.2 MJS'VI at 76 160. 250 350
Winston et al. 2012; Ribas et/al. 2013), because the natuheof | 509)¢m' re,sp.e(,:tivély for their sample of 61 n,earby, galax-
other detected sources needs further confirmation. Theig th ’ 2

no systematic study of the photometric completeness ofuihe des. The catalog by Amblard etldl. (2010) includes only gaiax

vey. The same issue applies to some of the extragalactiewrvdeteaed in at least three of the PAGBIRE bands above the

. : 50 limit, which varies in the range 35-90 mJy depending on
Thus, we cannot systematically take into account compésten .
effects when deﬁn?/ng the colo); ranges of YSOs and galaxi"’h‘b‘e pass-band. Finally, the SPIRE fluxes of AGNs reported by

. ; g Hatziminaoglou et al| (2010) were collected considerindal
However, we give a few warnings about the photometric corp- . < . -

etections at 250 and 3%0n, corresponding to 12.8 mJy and
pIetenc_es_s of the surveys used to collegt our samples andehe 2.2 mJy, respectively wm no quch):ut wag applied at 5%0
thexahglty Tlar(‘jg.e o;th?:]\zsohlocus demed :jn Ségt'f.d" YSO We conclude that the YSO locus defined in SELt. 4 is valid

S eta'lf md fec AéBeSsa[)np € use tof Ce:rllne” ch lfai'r YSOs of spectral type KK with fluxes above the HGBS

cus was collected irom observations of Cha I, Chagl. jinits \which are of the order of 100 mJy and 400 mJy for
and Serpens and the cataLog of young very low-mass stars gRebs and SPIRE pass-bands, respectively. The locus was de-
BDs bylHarvey etal. (2012b). Although the source extractigp,q g by taking into account contamination from extragatact

was performed in each cloud usingfdrent tools, the HGBS o, ce5 with fluxes typically higher than 10-100 mJy in the-sp
observations were conducted in all clouds using the same ‘Bﬁfc pass-bands.

serving strategy and, hence, photometric detection lirits
quite similar. Our Cha Il catalog has arSletection limit of
about 150 mJy at 70 and 1Q0n and~300 mJy at 160, 250, e : ; ;

350 and 500:m (see Sect]2 and Figl2-3).  Winston eta?' SED fitting and constraints on disk properties

(2012) adopted the same strategy for source extraction élChOne of the expected major outcomes frétarschel observa-
maps (i.e.getsources,Men’shchikov et al. 2012) and set a lowetions of class Il YSOs is a better understanding of their cir-
limit of 100 mJy in each PACGSPIRE pass-band for report-cumstellar disks, in particular of the properties and getoyref

ing fluxes. Using CUTEX|(Molinari et al. 2011), Bressert et atheir cool dust component where most of the mass is located
(2013) found a point-like source detection limit for Serpen(Harvey et all 2012a). SED modeling is the mofficeent way
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and IRAS 13036-7644 because of the lack of opficzar-IR
data for these objefds
! In order to compare our modeling results with the previous
i modeling by Alcala et al! (2008), we explored the same sets of
P models. However, as recently pointed out/ by Robitaille et al
HerMES P (2012), the Robitaille et al. (2006) models are noffisiently

accurate at wavelengths beyond gf60and, hence, they are
not appropriate to reprodudderschel data; a new version
of these models is currently in preparation_(Robitaille 201
Robitaille et al.| 2012). The model grid by D’Alessio et al.
(2005) is too coarse and does not allow us to take into account
° 1 the exact stellar parameters of our YSO sample. Thus, we used
0 5'_ ° hd ] the RADMC-2D code by Dullemond & Dominik (2004) (Ver-
L ° | sion 3.1, July 2007) to compute SED models for the specific ste
lar parameters of our YSOs. RADMC-2D is an implementation
or o s T T T of the one-dimensional semi-analytic models (Dullemonal et
' ' l0g(Fro/Fa) ' 2001) used by Alcala et al. (2008).

109(F 350/ F70)
[

0.0F ) ® L -

Fig. 5. log(Fas0/F70) vs. log(Fro/F24) color-color diagram. The 5 1. Modeling setup
filled circles are YSOs in Cha lIl; their MIPS-24m fluxes were re-

trieved from theSpitzer-c2d catalog[(Alcala et al. 2008). The dot-RADMC-2D is a two-dimensional Monte Carlo code for com-
dashed line indicates the locus of AGNs in tierschel-HerMES sur-  puting the radiative transfer through an axisymmetric prfi
vey (Hatziminaoglou et al. 2010). ration of dust/(Dullemond & Dominik 200&) The disk is as-
sumed to be passive, i.e. non-accreting, so that the enatgy b
ance is entirely determined by the irradiation from the rnt
) ) ) ) ) stafl. Several of the YSOs in Cha Il have a significant mass
to derive these properties when the ffad IR information comes accretion ratel (Spezzi etlal. 2008; Alcala ef al. 2008); hawe
exclusively from photometry, which is the case for the YS@sa he presence of mass accretion is expectedffiecathe SED
ple in Cha Il. However, as pointed out by several authors,(e.ghape mainly at Uxoptical wavelengths, producing an excess
R0b|ta||-|e et al. 200 I'; Alcala et al. 2008 Cieza et al. ?Oﬁbk emission due to the hot gas in the internal accreting enee'op
properties inferred from SED modeling are strongly model dgot spots on the stellar surface heated by the accretingesy
pendent and degenerate, meaning that not only a single segef [Feigelson & Montmefle 1999), while we use our modeling
parameters is consistent with the.observed SED. As sycjn, thesults only to explore the outer regions of the disk probgd b
must be treated with extreme caution and used only for Stais SpitzerHerschel wavelengths (Sedf.5.2).

purposes and to provide typical ranges of disk parametaesal = The main input parameters of RADMC-2D are the density

Alcala et al. (2008) and Spezzi ei 4l. (2D08) presented cogfructure of the dusty circumstellar material, th_e dustciipa
plete SEDs of the entire pre-main sequence (PMS) popukatiéﬁbles' and the stellar parameters. The output is the dunst te
in Cha Il from the optical up tcSpitzer wavelengths, togetherperat”re structure, the scattering source functions aret afs
with reliable estimates of their stellar parametefie@ive tem- SEDS at various inclination angles. For each YSO in our sam-
perature, interstellar extinction, luminosity, radiusass, age) Pl&, we computed a grid of SED models. Because we do not
based on follow-up optical spectroscopy. Based on the safifve midfar IR spectra of our sources and millimeter fluxes are
dataset, Alcal et al._(2008) also studied the structurheotir- available only for a few of them, we cannot put constraintthen
cumstellar material around these objects using severalaet Mineralogy and the grain size distribution of the dust anawe
SED models for YSO$ (Dullemond et al. 2001; D'Alessio et aP€Ct to probe dust properties within a few hundred AU from the
5005 Robitaille et 2l 2()()6). BecauSpitzer IRAC and MIPS central star. On the other hand, we have detailed informatio
wavelengths preferentially probe the inner parts of th& disd the stellar properties and this allows us to ehmmqte sohtbe
only a few SEDs in their dataset were complete up to millimetd€generacy in the mod(.al SEDs. Thus, the following paramseter
wavelengthe, Alcala et al. (2008) could provide consteagmtly Were fixed in all models:

on the inner disk structure and found a typical value for tis& d . . .
inner radius on the order of 0.1 AU. 1. For each object, we fixed the stellar mass{iradius (Rx)

and dfective temperature ¢F) to the values spectroscopi-

Merging thel Alcala et al.| (2008) and Spezzi et al. (2008) cally determined by Spezzi et/al. (2008) and reported in Ta-
datasets with the new HGBS observations, we have 26 YSOs inble[5. RADMC-2D adopts the Kurucz stellar atmosphere
Cha Il with complete SEDs from 0.4-QuB1 up to 500-130@m,
depending on available data, and robust stellar paramstier e* IRAS 12522-7640 and IRAS 13036-764 were fist detected by IRAS
fluxes at 3.4, 4.6, 12 and 22m from the Wide-field Infrared @nd IRAS 13036-7644 has been reported|by Lehtinen e al.5{200
Survey Explorer (WISE; Wright et . 2010). Thus, in the foll® P @ transition object between Class 0 and |. STc2d J130529
lowing we attembt to constrain the properties of the coot ius 774149 was first detect at mid-IR wavelengths by3pi¢zer-c2d survey

gwea P prope . (Alcala et all 2008) .

f[hese 2_6 dlsks through SED modeling, WIFh the aim of dete{r.nlﬁa httpy/www.mpia-hd.mpg.de dullemorfradtrangradmg
ing which disk parameters are the most likely to be cons#@ins 14 \yhat extent active accretion changes the stellar fluxtigipg on
by our new HGBS data, and how. Note that, as said above, the disk surface and, hence, the thermal equilibrium in bk i$ yet
HGBS retrieved 29 YSOs in Cha Il. However, we do not attemgf be determined (e.d.._ Wood et al. 2008); however, thisudision is
the SED fitting for IRAS 12522-7640, STc2d J130529.0-774148yond the scope of this paper.
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modelf for the stellar input if the object’sgFs is >3500 K, flaring (e.g.| Harvey et dl. 20125,b). Thus, for each YSO in ou
while for colder objects a blackbody emission is assumeshmple, a grid of 2700 SED models was created by varying the
We note that for four of our objects (namely IRAS 12416ollowing parameters in specific ranges:

7703, 1SO-CHAII 28, IRASF 12571-7657 and IRAS 12589-
7646) the stellar mass could not be estimated from optical

We explore seven filerent values for inner disk radius;{R

data (see Sect. 4.5 and 4.7|by Spezzi et al. [2008), although0.02, 0.05, 0.1, 0.5, 1, 5 and 10 AU. This choice covers the

their spectral type indicates that they are not substellar o

typical range of dust sublimation radii expected for T Tauri

jects. Thus, for these three objects we estimated therstella stars in our &ective temperature range (Williams & Cieza

mass, together with the disk parameters, from the bestfittin
SED model, considering only models with the sames Bs

the object. For IRAS 12500-7658 Spezzi €t al. (2008) re-
ported a Tg of 2900 K (see their Sect. 4.7); however, latep,
follow-up spectroscopy with VL/IFORS2 revealed an ear-
lier spectral type close to K5, although the object is stipng
veiled (J.M. Alcala, private communication), and this is th
value we adopt for our modeling.

2. We fixed the slope of the grain size distributiain(a) «
a“3da, with minimum grain size @,=0.1 um and maxi-
mum grain size @gax=1 cm. This range is consistent with
the values inferred from the analysis of SED slopes at mif3,
limeter wavelengths of T Tauri disks (Rodmann et al. 2006;
Lommen et al. 2007; Ricci et al. 2010; Ubach et al. 2012);

3. We assumed the typical chemical composition of dust grain
in protoplanetary disks as in_(Ricci et al. 2010), i.e. parou

2011) and include also some larger values expected for tran-
sition objects with inner holes (e.g., Muzerolle et al. 2010
Merin et all 2010);

We left the pivot point of the density distributionsqRary
between 5 and 200 AU. Ris the characteristic radius be-
yond which the density distribution rapidly declines toer
Obviously, it must be similar or smaller than the actual disk
outer radius (fixed at 200 AU in our case) and provides an
estimate of the size of the disk region probed by our near-IR
to sub-mm photometry, i.e. a lower limit to the actual disk
size;

We explore four dferent values for the disk mass (gas and
dust, Myisk): 0.0001, 0.001, 0.01, and 0.1MThese values
cover the typical range expected for class Il YSOs (see Fig-
ure 1 by Williams & Cieza 2011). Disk masses are well mea-
sure at sub-mpmm wavelengths, where disk are optically

composite spherical grains made of astronomical silicates thin (i.e., vertical optical depth <1) and the dust is virtually

(optical constants from_Weingartner & Draine 2001), car-

all emitting in this range (i.el, Harvey etial. 2012b). How-

bonaceous materials _(Zubko et al. 1996) and water ices ever, for most of our objects, flux measurement are available

(Warren 1984), with fractional abundances from a simplifica
tion of the model used in_Pollack et al. (1994) and a volume
fraction for vacuum of30%;

2004, and references therein);

5. We fixed the outer disk radius at 200 AU. As shown by
Harvey et al. [(2012a) and Cieza et al. (2011), the choicg
of the outer radius makes essentially n&fetience to the
model SED in the spectral range of our study (typically 0.4-

up to 500um and disks with the typical geometry and range
of parameters (R, Mgisk, 8nax) €Xplored by us, not observed
edge-on, may still emit a few percent of the total flux at op-

. We assumed a gas-to-dust mass ratio of 100 (Dutrey et al.tical depthr > 1 at this wavelength. Thus, thedvk derived

from our SED modeling must be regarded as a lower limit
for the actual disk mass;

Protoplanetary disk are flared with a vertical scale heigh
(H) that increases with radius. We assumed a parametrized
power law dependencyH(R) = Hg. - [%]“p“'. Hr. is

500um). This is because, for sub-solar mass objects as thoseine vertical pressure scale height a¢ Bnd we set it to

in our sample (Tabl€]5), most of the IR emission probed
by Spitzer/Herschel data comes from dust at radii inside of
~200 AU;

6. The surface density profile was set to:

iy

Y(R) =ZXo-exp

5.

Rc is the characteristic radius beyond which the surface den-

sity distribution rapidly declines to zero. The power law ex
ponent plsig) was set to -1 at radii smaller tharzRnd to
-12 at radii larger B. X, is the surface density atdRand
depends on Rand the disk mass (M): 2o = Mo

0.15 in unit of radius, a fiducial hydrostatic equilibrium
value. We left the flaring anglepfi) vary between 0.1
and 0.4 in step of 0.1 (i.e. 111 + phi <1.4), consis-
tently with the analyticghumerical values found by previous
studies [(Chiang & Goldreich 1997; D’'Alessio et al. 1998;
Dullemond et al. 2002);

We computed each model SED at four inclination angles
with respect to the line of sight: 10, 40, 70 and 90 de-
grees, i.e. between the face-on (0 deg) and edge-on (90
deg) configuration. The inclination angle is poorly deter-
mined from SED modeling alone, a well-known result from
previous works[(D’Alessio et al. 1999; Chiang & Goldreich
1999;| Robitaille et al. 2007;_Alcala etlal. 2008). However,
one needs to state the ranges of inclinations that provide a

Note that these assumptions are consistent with our cur- good fit, as there is in some cases a degeneracy between disk

rent understanding of disks around T Tauri stars (e.g.,
Williams & Cieza|2011) and with the assumptions made by
other authors exploring SED modeling includiHgrschel pho-

sizgmass and inclination_(Robitaille et/al. 2007).

With this configurations of free parameters, we reached a

tometric datal(Cieza et2l. 2011; Harvey €t al. 2012a,b). s Tliompromise between aficiently accurate SED model grid for
makes our results easily comparable with other YSO disk magich YSO and a reasonable computational time.

eling results.
On the other hand, the spectral range covered by our SEDg
expected to probe the inner disk properties through theméhr =

> Modeling results

IR emission ancHerschel observations at longer wavelength§\Ve used arad hoc fitting routine developed under 1iflto select
are expected to be more sensitive to the disk mass and degregrich of the 2700 model SEDs best fits the observed SED for

7 httpy/www.stsci.edthsyobservatorjcdbgk93models.html

8 Interactive Data Language

Article number, page 9 ¢f17



each YSO. Prior to the fit, the model grid was scaled to the Charobably derive from an inaccurate estimate of their stelk
distance (178 pc) and each observed SED was dereddened usingeters (visual extinction andd), stellar variability angbr the
the Ay values by Spezzi et al. (2008), reported in Table 5. presence of an active accreting disk, whidfeets the total en-
For several of our YSOs only flux upper limits are availablergy balance; indeed, this lasf@ct is not taken into account
at certain wavelengths (see Table 2) and, hence, our SERfitthy RADMC-2D, which assumes a passive disk and irradiation
has to deal with partly censored data. We adopted the liketilh from the central star only. However, the SED beyondii and
based approach of Kelly (2007), implemented by these asithop to the far-IR is well reproduced by the models and, hence,
in the IDL routinelinmix_err.prad, to determine the best fitting the extracted disk parameters are as reliable as for the olthe
SED model taking simultaneously into account observed fligcts (see also discussion in Séct] 5.1). For a few obje8G1
errors and upper limits. This routine assumes a linear erreCHAII 28, Sz 50, Hn 25, and Sz 54) the best-fitting SED model
tion between the dependent and independent variablenfioglel appears to underestimate the far-infrared fluxX 10Qum);
and observed fluxes, in our case) and performs a Bayesian lltese objects are located in the region of Cha Il with strehge
ear regression to determine the slope, the normalizatiod, &ackground emission and, hence, the measured flux densities
the intrinsic scatter of the relationship. The probabilitpdel might be contaminated. We also note that the SEDs of the Class
approximates the distribution of the independent variaslea | object IRAS 12500-7658 is well reproduced at IR wavelength
mixture of Gaussians functions. Since a direct computatfon (*1 um) by the disk emission alone, without considering the
the posterior distribution is too computationally intargsiran- presence of an envelope, normally invoked to model the SEDs
dom draws from the posterior distribution are obtained gisif Class | YSOs (e.g.. Lommen et al. 2008).
a Markov Chain Monte Carlo method (see Sect. 6.2 by Kelly
2007). The derived likelihood function is modified by inciog 5 3. Discussion
an indicator variable (D), which is equal to 1 for true deitmes ~
and equal to zero for censored data (i.e., flux upper limitsiin  The estimate of some disk parameters, (RRc and Myisk)
case). The censored data are taken into account by mamjiggli through SED modeling was already attempted for the Cha Il
over them when computing the posterior, using the Metrapolisample by Alcala et al. (2008) on the basis of optical pitzer
Hastings algorithm (Metropolis etlal. 1953). The intrinstatter imaging (see their Table 8 and 9). Whilg, Rs expected to be
of the regressioreg) is assumed to be normally-distributed andiairly well constrained bySpitzer data, the R and Mgk values
analogously to thg?, provides an estimate of the goodness of fiferived by us are expected to be more accurate than previous
of the observed distribution to the theoretical one; theelowy, estimates, because we used an extended SED dataset which in-
the better the quality of the fit is and, hence, the best fitHE® cludesHerschel fluxes up to 50Qum. Moreover, thanks to the
model is determined by minimizing. new HGBS data, we also tried to estimate the degree of flaring
Since SED modeling is known to be highly degenerate, tfie+ phi) of these disks, which was never attempted before.
best-fit model is unlikely to be a unique solution and showd b In this section, we discuss in more details the disk parame-
treated with caution. We therefore adopt the Bayesian ndethters derived in Secf. 5.2, comparing them with previousltesu
(e.g.,Pinte et al. 2008) to calculate the probability of thiek by |Alcala et al. [(2008) and giving some warning on their use.
parameter values sampled by the grid given the availabke dat/e start by giving a general and very important warning which
For each disk parameter, if we assume no prior knowledgesondpplies to the use of all the disk parameter values repantéd-i
value, the relative probability of a given model is proponl ble[3: because of the large uncertajdggeneracy of SED mod-
to e*/2, All probabilities are normalized so the sum of all theling results (outlined in Sedt] Sihese values must be used as
probabilities of the models in the grid is equal to 1. Figliesd indications of the order of magnitude of each disk parameter for
show the probability distribution of each disk parametar fthe Chall sample and for statistical purposes only, while values
each YSO in the range of values sampled by our grid. A rathfer individual objects are likely to have large uncertainties.
flat probability distribution indicates that the given paegter its Rin: our SED model grid explores seven values for the inner
not well constrained (i.e., mafall values sampled by the griddisk radius covering the range of dust sublimation radiiexted
are equally possible). Clearly, some parameters are lter for T Tauri stars in our T+ range and including larger radii ex-
strained than others, for some objects more than for the®thgected for transition objects (S€ct.]5.1). The choice &f ittose
depending on the available SED data. In Table 5 we report tiyéd in R, was motivated by the fact that as accurate \Ril-
most probable disk parameters{fRc, Mgisk, flaring angle and ues as are possible have been already presenied by Alcéla et a
inclination angle) and the computeglfor the best fitting model; (2008) for the Cha Il YSO sample usirpitzer data and sev-
when several values of a given disk parameter are equalbaproeral SED models (Robitaille etlal. 2006; Dullemond et al. 200
ble (i.e., partly flat Bayesian probability distributiomje report |D’Alessio et al. 2005). Thus, we aimed at roughly estimating
the compatible range. the range of R values for this sample and confirming the re-
In Fig.[@ we show the SEDs of the 26 YSOs detected #ults by Alcala et al! (2008) on the basis of a SED datasettwhic
Cha Il by the HGBS together with the best fitting RADMC-2Ds now more complete in the neganid IR, because it includes
SED model and the first 100 best-fitting SED models (i.e.,&ighWISE and PACS data. Considering the many uncertainties in
probability models). Note that the SED fitting for IRAS 12416SED modeling, our values are in fairly good agreement wigh th
7703, IRAS 12500-7658, and IRAS 12589-7646 is not optimtle estimates by Alcala etlal. (2008), being the relatifeedi
at opticalnear-IR wavelengthsg(l um). IRAS 12500-7658 is ence on the order of 30%. We also confirm a typical value for
a class | source, and IRAS 12416-7703 and IRAS 12589-7a#@ disk inner radius for the Cha Il sample of the order of 0L A
have not been observed through spectroscopy and, henie, telower (Fig[9), with a dispersion of 0.04 AU; considerifgt
spectral types are inferred from broad-band photometrgealostellar radii reported in Tablég 5, this value correspondypd
(Spezzi et al. 2008; Alcala etlal. 2008). Thus, théiclilty in cal inner radii~7 times larger than the stellar radius. We note
modeling the stellar contribution to the SED of these olsjedhat, although our grid does not extend beyond 10 AU, none of
the 26 objects investigated here has the characteristic &ED
9 httpy/idlastro.gsfc.nasa.ggftp/pro/mathlinmix_err.pro transition objects with larger inner holes; the Bayesiabbpr
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Fig. 6. Observed (open circles) and dereddened (dots) spectralyedistributions of known YSOs in Cha Il detected by the HGBBe squares
mark PACS and SPIRE fluxes, while the dots are optical toriaétdlux measurements from previous surveys (Alcalalet &I820The Kurucz's
model spectrum (for objects with.ff >3500 K) or the blackbody spectrum (for objects withT<3500 K) with the sam@s¢ as the object and
scaled to its distance and radius (Spezzi et al.|2008), ipteed on each SED, representing the stellar flux. Thetrietl tine is the best fitting
RADMC-2D SED model, while the gray lines display the first Ht-fitting SED models.
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Table 5. Stellar properties and most probable disk parameters éoknbwn YSOs in Cha Il detected by the HGBS. For the disk pat@rsieve
indicate between brackets the relative Bayesian prolafilipercentage. When several values of a given disk pasnae¢ equally probable
(i.e., partly flat Bayesian probability distribution, Fig{8), we report the compatible range. Disk masg{fland size (R) should be regarded
as lower limits (Secf_5]1). In the last column, we reportvthkie of the intrinsic scattekeq) between the observed SED and the best fitting SED
model.

Main Tlﬁ. Al R«f Mx?  RY R M& Flaring anglé  Inclination &0
Designation K] [mag] [R] [Me] [AU] [AU] M o] [1 + phi] anglée* [deg]

IRAS 12416-7703 3487 336 *3 2 0.02-0.1 (32%) _ >5 (27%) >0.001 (40%) _ 1.1(26%) 20 (33%) 1.17
IRAS 12496-7650 7200 1055 277 2 0.05-0.1 (33%) >50 (20%) >0.1 (50%) 1.3-1.4 (25%) 10 (35%) 0.39
IRAS 12500-7658 4350 6.85 1.00 0.60 0.1 (33%) >10 (19%) >0.01 (36%) 1.3-1.4 (26%) 40 (27%) 0.61
IRAS 12535-7623 3850 3.36 271 0.67 0.02(34%) >50(23%) >0.0001 (99%)  1.1-1.4 (25%) 70 (28%) 0.18
WFI J12585611-7630105 3025 1.66  1.13 0.12  0.02-0.1 (33%)150 (20%) >0.0001 (59%) 1.3 (25%) 70 (26%) 0.07
ISO-CHAII 28 4500 389 2% 15  0.02(34%) >10 (37%) >0.01 (36%) 1.1 (27%) 10 (34%) 1.32
cal 3057 217 037 010 0.05-0.1 (30%) >5 (25%) >0.0001 (50%) 1.1 (30%) 90 (36%) 0.28
Sz 49 3777 228 1.03 062  0.05-0.1(34%) >100-200 (17%) >0.001 (28%)  1.3-1.4(25%) 10-70 (29%) 0.07
Sz 50 3415 378 3.0 035  0.02-0.05 (33%)>100 (27%) >0.0001 (99%)  1.1-1.4 (25%) 90 (27%) 0.61
RX J1301.0-7654a 4350 1.93 267 0.7  0.02(29%) >100 (24%) >0.0001 (86%) 1.1 (26%) 40 (35%) 0.40
IRASF 12571-7657 4730 9.03 2 1* 0.02 (34%) >10 (18%) >0.0001 (92%) 1.1 (30%) 70 (28%) 0.44
Sz51 3955 154 137 0.7  0.02-0.1(33%) >50 (25%) >0.0001 (99%) 1.1 (26%) 10-90 (25%) 0.35
CM Cha 4060 152 1.78 0.85 0.1(34%) >10-50 (17%)  >0.01 (28%) 1.4 (26%) 10-70 (29%) 0.18
IRAS 12589-7646 3300 398 28 2¢ 0.02 (31%) >100 (21%) >0.0001 (88%) 1.1 (27%) 40 (33%) 0.67
Hn 22 3560 0.61 1.24 042  0.05-0.1 (34%) > 5 (23%) >0.001 (36%) 1.2 (26%) 70 (30%) 0.23
Hn 23 4350 124 160 1 0.02-0.1 (31%) > 5 (19%) >0.001 (45%) 1.1 (26%) 40 (31%) 0.07
Sz52 3487 414 115 035  0.02-0.1(31%) >100 (21%) >0.0001 (54%)  1.2? (25%) 40 (30%) 0.25
Hn 24 3850 276 237 065 0.02-0.1(33%) >50 (26%) >0.0001 (99%) 1.4 (26%) 90 (26%) 0.52
Hn 25 3487 410 156 0.3  002(34%)  >150 (26%) >0.0001 (100%) 1.2 (28%) 10-90 (25%) 0.26
Sz53 3705 3.68 1.39 0.55 0.02-0.1(33%) >50 (19%) >0.0001 (97%) 1.1 (27%) 70 (28%) 0.10
Sz 54 4350 157 242 097 0.02(33%)  >150 (39%) >0.0001 (99%)  1.1-1.2(30%) 10-70 (25%) 0.63
Sz56 3270 318 178 023 0.02(39%)  >200 (44%) >0.0001 (89%) 1.1 (30%) 90 (28%) 0.37
Sz 58 4350 3.87 143 1 0.1 (33%) >10 (17%) >0.01 (29%) 1.3-1.4 (25%)  10-40 (31%) 0.04
Sz 59 4060 2.67 196 0.82  0.02-0.05 (34%)>10-200 (18%) >0.0001 (91%) 1.1 (29%) 10-70 (27%) 0.28
Sz61 4350 313 187 1 0.02-0.1 (33%) >10 (21%) >0.01 (34%) 1.3 (26%) 10-70 (30%)  0.15
Sz 63 3415 161  1.38 032  0.05-0.1 (33%) >200 (17%) >0.001 (27%) 1.4 (27%) 10-70 (28%) 0.04

* From[Spezzi et 4l [(20D8).

* The values sample by the grid are as follows;=0.02, 0.05, 0.1, 0.5, 1, 5, 10] AU,d&[5, 10, 50, 100, 150, 200] AU, M«=[0.0001, 0.001,0.01, 0.1] M
1+ phi=[1.1, 1.2,1.3,1.4] and Inclinatieff10, 40, 70, 90] deg.

* Stellar mass and radius not provided| by Spezzilel al. {2008¢. values reported here are estimated from the best fitid i8odel, considering only models
with the same &+ as the object.

* Stellar parameters are estimated assuming spectral tyj§é.lM5Alcala; private communication).

bility distributions (Fig[J=8) indicate that inner radiiriger than Mgisk. As for the disk size, the lack of data at mm-
0.1 AU appear to be inconsistent with the SEDs of all our oltavelengths for the majority of our objects prevents us from
jects. For the majority of them, the;jRBayesian probability giving a reliable estimate of the total disk mass and theeslu
distribution presents a clear peak, indicating that thimmeter provided in Tabléb should be regarded as lower limits. On the
is fairly well constrained for our sample, as expected beeai other handHerschel observations at 500m are expected to be
the good SED coverage at near-to-mid IR wavelengths. Assusensitive to the disk mass (e.g., Harvey et al. 2012a,b) iand,
ing our R, values and using Eq. 11 by Dullemond et al. (2001)leed, we find a large fierence £80%) between our values and
we also estimated the blackbody temperature of the disk inrtlee previous estimates oy Alcala et al. (2008); we note, hewe
rim (Trim) for our sample; depending on the spectral type of thkat part of this dference is due to fferent assumptions on
object, Tim spans the range 1000-2500 K, with a typical value chemical composition of dust grains and, hence, on tee du
around 1500 K, consistent with the dust sublimation tentpeea opacity. Our Mjisx Bayesian probability distributions present a
(typically 900-1600 K for silicates; e.g, Duschl etlal. 1996 clear peak for the majority of the objects (Higl.17-8), supipgr

Rc: As clarified in SecEBl1, Ris the characteristic radiusthe reliability of our estimates. The typical value for theeQl
beyond which the disk density distribution rapidly dectite Sample is~0.0001 M, and the dispersion around this value is
zero; it provides an estimate of the size of the disk regiobpd 0-9 dex (Fig[®). Thus, the disk mass distribution in Cha II
by our photometry£500.m) and should be regarded as a lowePPears to be similar to that observed by Andrews & Williams
limit to the actual disk size. The typical value ofRor the (2005) in the Taurus-Auriga star formation region (typidesk
Cha Il sample is-50 AU and the dispersion is as large as 60 AU1aSS 510°° M, and dispersion 0.5 dex) on the basis of a sub-
(Fig.[@). On average, our values are higher than the estimdm survey (350-85@m) of about 150 YSOs in the same stel-
provided by Alcala et al[ (2008) and the typicaffdrence is on lar mass range, and higher than the median valud9(3)
the order of 50%. This systematicfitirence probably arises€stimated by Harvey et al. (2012b) for a sample-6D lower-
from the better sampling of our SEDs beyondf. The Rz Mass stars and_ BDs on the basis of PACS-only data. Con-
Bayesian probability distributions present a clear peaktfie Sidering the typical mass of our YSOs (Table 5), we find that
majority of the objects (Fid:]7}8), supporting the reliitgilof the lower limits to the disk mass are proportional to the-stel
our estimates. We recall the reader that we assumed a powerlRf masses with a 0.3% ratio, again very similar to the typica
exponenplsig=-1 for the surface density profile at radii smalle¥alue in Taurus-Auriga (0.5%; Andrews & Williams 2005) and
than R (Sect[5.1); a steeper profile (i.e., greater valugs ) I the range £1%) estimated for young Class Il stars and BDs
would produce larger R(see discussion in Ricci etlal. 2013). across a broad range of stellar masses (0.015-3in et al.
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2003; Andrews & Williams 2005; Scholz etlal. 2006). This apand then rises at longer wavelengths (see[Fig. 6). The subseq
proximately constant disk-to-stellar mass ratio, togethigh spectroscopic follow-up witlspitzer/IRS revealed the presence
recent observational studies that revealed stellar-maperd of 10 and 20um silicate features and longer-wavelength crys-
dence for other disk properties, such as mass accretiofergte talline features in the spectrum of Hn 24, though no polyicycl
Natta et al.l 2004/ Muzerolle etlal. 2005), disk lifetime (g.garomatic hydrocarbons (PAHs). Merin et al. (2010) alsostias
Carpenter et al. 2006; Pascucci & Tachibana 2010) and disk fied the object as a non-accretor on the basis of the 10% width o
ganic chemistry (e.glL, Pascucci etlal. 2009), indicatesdlsk the Hux line (i.e., Natta et al. 2004) and estimated a very low disk
properties dependent on stellar properties, in contrast tie  mass ¢ 5-10°° M) from SED modeling. All these hints pointed
assumptions of some models of planet formation (see digrusdowards an evolved disk around Hn 24. However, on the ba-
iniSzlcs et al. 2010; Kornet et/al. 2006). sis of the SED modeling with RADMC (Dullemond & Dominik
Flaring index (1 + phi): Herschel observations at far-IR 2004) and the model grid by Robitaille et al. (2006), Merialet
wavelengths (250-50@m) are expected to be sensitive to the dg2010) concluded that Hn 24 does not show a significant inner
gree of flaring (e.gl, Harvey etlal. 2012a,b), and the eséroft hole.
this parameter has not been attempted before for the Chanll sa  Our SED modeling with RADMC-2D confirms this result.
ple. However, Fid.I48 show that the-phi Bayesian probability Models with inner radii larger than 0.5 AU have a low Bayesian
distributions has a tentative trend for some of our YSOsJavhiprobability to reproduce the SED of Hn 24 and the probability
is partly flat for others. Thus, the flaring angle is poorly cortistribution peaks at R ~0.1 AU.|Merin et al.[(2010) estimated
strained for our sample; this uncertainty arises from tisetfgat an inclination angle around 65 deg for this object, conststéth
for several of our YSOs only flux upper limits are availabléiea  our modeling, which shows that angles larger than 40 deg dave
wavelengths range 250-5pfh. Keeping in mind this limitation, slightly higher probability to reproduce the SED (Fit{.]17-8)so
we observe a preferential value around 1.1-1.2, i.e., a lgvek  our disk mass estimate-0.0001 M,) is in agreement with the
of flaring for the great majority of the objects (Fid. 9). Irder mass inferred by Merin et al. (2010).
to understand the meaning of this preferentially low valiogs
the flaring angle, we shall recall that hi describes the chang-
ing of the pressure scale height (H) with the radius ($e@; 8. 6. Summary and Conclusions
flatter disk has a smaller H than a flared disk at the same emit-
ting region. Thus, lower % phi values, as the typical ones forWe used PACS and SPIRE observations of Cha Il performed
our sample, indicate that H increases slower with the raatigs  Within the frame of the HGBS key project, complemented by
hence, the disk is flatter. Considering that our objects bpee- opticaJIR imaging and spectroscopy available from the litera-
tral types of late K to late M, this result is consistent wittet ture, to investigate the properties of the Class | to Ill YS@s
finding by[Szf{ics et 4I[ (2010) in the nearby Chamaeleon | 4Bis star forming region.
sociation based on a sample of 200 G to late M-type stars. Al- We detected 29 out of the 63 known YSOs in Chall in at least
though their study is based &pitzer IRAC/MIPS data only and, one of the PACSPIRE pass-bands: 3 Class | YSOs (i.e.,100%),
hence, their flaring estimates are even less robust thantbasg 1 Flat source (i.e., 50%), 21 Class Il objects (i.e., 55%)|&E
authors found indications that disks around lower-mass éta |1l object (i.e, 16%) and the far-IR source IRAS 12522-7 64,
Chamaeleon | are statistically flatter than those of coeiggldr classified because of the lack of near-IR data.
mass stars in the same region. Also Harvey et al. (2012b) es-The PAC3SPIRE colors of YSOs are typically confined to
timated for their~50 very low-mass stars and BDs detected ke following ranges, where contamination by other fieldrses
Spitzer andHerschel/PACS a typically low flaring angle (1.1-1.2,is expected to be low=0.7 < log(F7o/F1s0) < 0.5, -0.5 <
see their Figure 14). This apparent flayisectral type anti- log(Fiso/F2s0) < 0.6, 0.05 < log(F2s0/F3s0) < 0.25 and-0.1 5
correlation has been suggested since several years ongise bag(Fsso/Fs00) < 0.5. When applied altogether, these four color
of observational studies (Apai et al. 2002; Pascucciet@32 conditions provide a reliable YSO selection tool.
Apai et al. 2005] Szics etlal. 2010), although disk modeds pr  For 26 YSOs in our sample, we modeled the SED using the
dict the opposite (Walker et al. 2004), and it further supptire  RADMC-2D radiative transfer code and analyzed the resyltin
idea that disk properties show a dependence on stellargi®pe disk parameter values with a Bayesian method. We confirm that
Inclination angle: the disk inclination angle is poorly the Cha Il YSOs present typical disk inner ragh.1 AU and,
determined from SED modeling alone_(D’Alessio etlal. 199%anks to the newderschel data, we put reliable constraints on
Chiang & Goldreich 1999; Robitaille et'al. 2007; Alcala et akhe on the lower limits to the mass and characteristic radfus
2008), a result confirmed by the rather flat Bayesian proltyabilthese disks; we also attempted, for the first time, to eséirtheatir
distribution observed for the great majority of our YSOy(H- flaring level. The lower limits to the characteristic radaus typ-
[B). Thus, the values reported in Table 5 must be regardedi@sly around 50 AU, although with a large spread, and theslow
ranges of inclination providing a good SED fit. As previousliimits to the disk mass are proportional to the stellar magsth
mentioned, it is important to state this range, becausetBen a typical 0.3% ratio. The estimated flaring angles, althoegly
some cases a degeneracy between diskmniss and disk incli- uncertain, point towards rather flat disks-(hi <1.2).

nation (Robitaille et al. 2007). We compared our results with previous estimates in the liter
ature for other samples of low-mass M-type YSOs. Our results
5.3.1. Note on Hn 24 provide further evidence that the disk-to-stellar mass iiatap-

proximately constant across a broad range of stellar massks
Hn 24 is a class Il YSO of spectral type MO and stellar masisat disks around Class Il low-mass stars are flatter thads dis
~0.65 M, (Table[®). The circumstellar material around this okaround coeval higher-mass Class |l stars. This supporis&ae
ject has been extensively studied by Merin etlal. (2010). Ttieat disk properties show a dependence on stellar propefiie
object was proposed to be a cold disk candidate (i.e., a dibk wgether with recent studies indicating that the propertiethe
an inner dust hole larger than the dust sublimation radinghe given star-forming environment (such as metallicity andspr
basis of its SED, which is basically photospheric up to 840 ence of of strong UV radiation fields) may furtheffect disk
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