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Abstract We investigated the evolutionary stages and disk progesti11 young
stellar objects (YSOs) across the Perseus cloud by modl@igbroadband optical
to mid-infrared (IR) spectral energy distribution (SED)urQoptical gri photome-
try data were obtained from the recently finished Purple MainrObservatory Xuyi
Schmidt Telescope Photometric Survey of the Galactic Aatiter (XSTPS-GAC).
About 81% of our sample fall into the Stage |1 phase which iarebterized by hav-
ing optically thick disks, while 14% into the Stage | phasareltterized by hav-
ing significant infalling envelopes, and the remaining 5% ithe Stage Ill phase
characterized by having optically thin disks. The mediafiat age and mass of the
Perseus YSOs are 3.1 Myr and Q\B; respectively. By exploring the relationships
among the turnoff wave bands,...o¢ (longward of which significant IR excesses
above the stellar photosphere are observed), the excessadpedeXaeycess aS de-
termined for\A > A¢umomr, @nd the disk inner radiug;, (determined from SED mod-
eling) for YSOs at different evolutionary stages, we founattthe median and stan-
dard deviation ofveycess fOr YSOs with optically thick disks tend to increase with
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Aturnott, €specially ab o =>5.8um, whereas the median fractional dust luminosi-
ties Lqust/ L+ tend to decrease with increasing,os. This points to an inside-out
process of disk clearing for small dust grains. Moreoverpsitive correlation be-
tWeeNexcoss ANA Ry, was found atvexcess = 0 andR;, = 10 x the dust sublimation
radiusRsyp, irrespective oo, Laust /L and disk flaring. This suggests that the
outer disk flaring either does not evolve synchronously withinside-out disk clear-
ing of small dust grains or has little appreciable influencdh® spectral slopes at

< 24 um. About 23% of our YSO disks are classified as transitiorelg]iwhich have
Aturnoff > 5.8um andLg,s: /Ly > 1073, The transitional disks and full disks occupy
distinctly different regions on thé ,s;/ L VS. Qexcess diagram. TakingLqust /Ly @s
an approximate discriminator of disks witk-Q.1) and without £0.1) considerable
accretion activity, we found that 65% and 35% of the traoséi disks may be con-
sistent with being dominantly cleared by photoevaporadioth dynamical interaction
with giant planets respectively. None of our transitionakd haverqycess (<0.0) or
Laust/ L, (>0.1) values that would otherwise be suggestive of disk rigadomi-
nanted by grain growth.

Key words: stars: formation — stars: low-mass — stars: pre-main sexpienindi-
vidual: Perseus Cloud — circumstellar matter — protoplanet

1 INTRODUCTION

The formation and early evolution of stars are among theraeptoblems in astrophysics. Young
stellar objects (YSOs), which are primarily identified as-pmain-sequence (PMS) stars by the pres-
ence of infrared (IR) excess arising from circumstellakslisr surrounding envelopes (e.g. Allen
et al. 2004; Greene et al. 1994; Lada 1987), have been ex¢dnsiudied in nearby star-forming
regions (e.g. Taurus: Luhman et al. 2010; NGC 1333: Winstal.€010; IC 348: Muench et al.
2007;0 Ori: Hernandez et al. 2007a; Tr 37: Sicilia-Aguilar et 008; NGC 2362: Currie & Kenyon
2009; Lynds 1630N and Lynds 1641: Fang et al. 2009, 2013}y81g the circumstellar environ-
ment, either disks or envelopes, around YSOs with diffemedses is essential to understanding the
formation of both stars and their planetary systems.

YSOs are traditionally categorized into four classes otigianary stages based on the spectral
indexa (dlog(AF'(N))/dlog(X)) of their near- to mid-IR spectral energy distributions [(BEe.qg.
Andre et al. 1993; Greene et al. 1994; Lada 1987). The yourtjass O objects are only visible in
far-IR to submm wavelengths, and they are thought to havelepe mass that exceeds the central
stellar mass; Class | YSOs& ¢ 0.3) are characterized by rising mid-IR SEDs, and may stilihban
envelope collapse stage but have central stellar massdirgebe envelope mass; Class Il YSOs
(—1.6 < o < —0.3) have SEDs that peak at near-IR wavelengths, decredsegar wavelengths
which is much more gradual than what is expected for a stphatosphere, and they agree well
with PMS stars with circumstellar accretion disks; CladsYi8Os (« < —1.6) have little or no IR
excess, and are thought to be in the disk dissipation staereiiy little or no circumstellar material.
In addition, Greene et al. (1994) introduced an additionaitFspectrum class<0.3 < « < 0.3)
which has spectral indices in between Classes | and 1.

The star formation process is generally accompanied byatmadtion, evolution and dispersal
of circumstellar protoplanetary disks which are believeedé the sites of planet formation. In partic-
ular, optically thick full disks are usually found in the G&all YSOs, whereas the evolved or anemic
optically thin disks are usually identified with the Class YISOs. A lot of important information
about the evolutionary stages and disk properties of YS@sdeded in the multi-wavelength SEDs
(e.g. Robitaille et al. 2006, hereafter R06). For instatioe pptical to near-IR bands offer important
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constraints on the properties of the central source, suttheaemperature and bolometric luminos-
ity; the near- to mid-IR bands provide a crucial constraimtioe inner (from a few AU to tens of
AU) disk properties; the far-IR to submm bands give strongst@ints on the mass of disks and
envelopes (e.g. Andrews & Williams 2005).

As currently the most active site of low- to intermediatessatar formation withine300 pc
of the Sun, the region encompassing the Perseus molecolat (\/ ~ 4.8x10° M; Evans et al.
2009) is an ideal laboratory for studying the formation aadyeevolution of low- to intermediate-
mass stars (e.g. Bally et al. 2008) and the circumstell&sdiRecently, observations with tBpitzer
telescope, especially through the “Cores to Disks” legaojegt (c2d; Evans et al. 2003), have led to
the identification of over 400 YSOs (mostly Classes | anddWard the Perseus molecular cloud. In
addition, systematic submm continuum surveys of the Pensgion with SCUBA (Hatchell et al.
2005) and Bolocam/CSO (Enoch et al. 2006) have led to theroaation of over 100 protostellar
or starless submm cores, and about one-third (one-fifthhede cores were classified as Class 0
(Class 1) YSOs. About two-thirds of the Perseus YSOs arecéstsal with the two major young
clusters NGC 1333 and IC 348, and the remaining YSOs arereigsociated with other much
smaller clouds, such as Barnard 5, Barnard 1, L1455 and L Iet4arsely distributed across the
whole Perseus cloud region (e.g. Evans et al. 2009; Jgngensd 2007).

A systematic investigation of the evolutionary stages asll gdroperties of the Perseus YSOs
with optical-to-IR SEDs is still lacking. Moderately deeppbdband;ri imaging data were recently
obtained through Purple Mountain Observatory’s (PMQO’s)yX8chmidt Telescope Photometric
Survey of the Galactic Anti-center (XSTPS-GAC; Liu et al120Zhang et al. 2013, 2014; Yuan
et al. 2015, in preparation). In this paper, we combinegihedata with the IR data from 2MASS,
Spitzerand WISE in order to study the physical properties of theredistellar sources, the evo-
lutionary stages and inner disk properties of the PerseudsY&uture spectroscopic data from
LAMOST (Liu et al. 2015) on most of those YSOs will provide tluer details on the disk ac-
cretion properties, and thus enhance the broad-band ¢baration offered in this paper. Section 2
introduces the data and YSO sample analyzed in this work colue-magnitude diagrams are pre-
sented in Section 3. Section 4 presents the results from S&deling, such as the central stellar
masses, ages and the evolutionary stages of the YSOs. Agtige#ton of the excess dust emission
and disk geometry parameters, such as the disk inner radlivater disk flaring, and implications
on the dominant disk clearing processes, are given in $e6tié brief summary of the main results
in this work is given in Section 6.

2 SAMPLE AND DATA
2.1 Parent Sample of Perseus YSOs

The most recent census of Perseus YSOs was done by Hsieh &0B8) (HL13), using photo-
metric data from the&pitzerc2d legacy project (Evans et al. 2009), which carried outdewield
imaging survey of five nearby low-mass star-forming clouisrpens, Perseus, Ophiuchus, Lupus
and Chamaeleon) with both IRAC and MIPS instruments onb8aitzer instead of simply relying
on a cut on a one or two color-color diagram and a color-magdritliagram to separate YSOs in a
multi-dimensional magnitude space.

In particular, HL13 used data from tt&pitzerSWIRE survey of the ELAIS N1 extragalactic
field (Surace et al. 2004) to acquire a control sample for gamknd galaxies, and this control sam-
ple was used to define the regions occupied by galaxies in thigdimensional magnitude space.
The readers are referred to HL13 for more details about th@ M@ntification procedure. In total,
HL13 identified 469 Perseus YSOs over 3.86°degvered by the c2d survey. Adopting a distance
of 250 pc for the Perseus cloud, 3.86 8iegrresponds to about 73.6%pEvans et al. 2009). Among
the 469 YSOs, 21% were classified as Class 0/] sources, 10%ass EEAT sources, 58% as Class
Il sources, and 10% as Class Il sources based on the 2MAS® MIPS 24um spectral indices
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a. We note that 429 of the 469 YSOs have detections in at legest tR bands, and thus the identi-
fication of these 429 YSOs in the multi-magnitude space shbelmore reliable than the other 40.
In the following, the 429 YSOs will be regarded as the paranige, and our subsample selection
and analysis will be based on these 429 YSOs.

2.2 Data
2.2.1 Broadbandgri photometry from XSTPS-GAC

From the fall of 2009 to the spring of 2011, the XSTPS-GAC obisg project carried out an
imaging survey toward the Galactic Anti-center in SDFSbands with the PMO’s Xuyi 1.04/1.20m
Schmidt Telescope. This survey covers the sky area fromR#S° to 135 and DEC~ —10° to
60°, plus an extension of 900 ded toward the direction of M31/M33. With an exposure time of
90 seconds, the survey reachgs, ~ 19 in ther band at 16 for point sources. The astrometry
(accurate to~ 0.1”) was calibrated against the PPMXL catalog (Roeser et aOR@hd the PSF-
fitting photometry was calibrated against the SDSS DR8 cgtaking the overlapping sky area
with an accuracy of 2%. Given the importance of optical baindsonstraining the properties of
central stellar sources of YSOs, XSTPS-GAC point sourcel gignal-to-noise ratio (S/N)-2
(mim ~21 mag) will be used in this work.

2.2.2 Spitzer data from the c2d project

As mentioned above, the Perseus cloud has been observea t3dliproject in th&pitzedRAC 3.6
(IR1), 4.5 (IR2), 5.8 (IR3) and 7.9 (IR4)m and MIPS 24 (M1), 70 (M2) and 160 (M3m bands.
All data, including imagery and point-source photomethr@uigh PSF fitting) catalogs for IRAC,
M1 and M2 were processed and released by the c2d team. Indhks we used the high reliability
(HREL) source catalog provided by the c2d project

2.2.3 2MASS and WISE data

The JH K, photometry was taken from the 2MASS Point Source Cataloghufgaches & ;-band
limiting magnitude of 14.3 mag at ¥0 The Wide-field Survey Explorer (WISE) survey mapped the
whole sky in four IR broadbands, i.e. 3.4 (W1), 4.6 (W2), 123)Vénd 22 (W4)um, with a 5
limiting magnitude of 16.6, 15.6, 11.3 and 8.0 mag respettifor the four bands. In this work, we
used the ALLWISE Source Cataldghich includes enhanced photometric sensitivity and amyyr
and improved astrometric precision compared to the 2012BMIE Sky Data Release.

2.3 Our Working Sample

In this work, we selected a subsample of 211 Perseus YSOstherilL13 parent sample. The
211 YSOs were selected by cross-matching the HL13 cataltly alli the above data sets, with
a requirement that each source should ha¥eK ,, IRAC or WISE, M1 or W4, and at least one
optical band available. Among the 211 YSOs, 102 h@bmnd detections with S/N 2, 151 have
r-band detections, and 198 haw#band detections. We point out that 78% (99%) of thband
detections have S/N 10 (5), 85% (99%) of the-band detections have S/N 10 (5), and 94%
(100%) of thei-band detections have S/MN 10 (5). In addition, 27 of our sample YSOs have M2
detections. Optical photometry of the 211 YSOs is given inldd..

1 http://irsa.ipac.caltech.edu/data/SPITZER/C2D/
2 http://wise2.ipac.caltech.edu/docs/release/allwise/
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Table 1 Optical Photometry of Perseus YSOs

IDcag R.A.(J2000) Dec.(J2000) g oy r or 7 o
(deg) (deg) (mag) (mag) (mag) (mag) (mag) (mag)
J band turnof?
€2dJ032852.2+304506 52.21736 30.75154 13.96 0.06 129 6 0.0
€2dJ032854.6+311651 52.22763 31.28086 18.73 0.08 16.7 6 0.0
c2dJ032917.7+312245 52.32366 31.37917 1555 0.06 13.825 0.
c2dJ033035.5+311559 52.64781 31.26627 18.78 0.07 18.0 7 0.017.05 0.06
c2dJ033330.4+311051 53.37669 31.18071 15.99 0.05 13.986 O.
€2dJ034157.4+314837 55.48934 31.81021 18.38 0.06 16.206 0. 14.7 0.06
€2dJ034344.5+314309 55.93535 31.71926 18.69 0.06 17.196 0. 1452 0.06
€2dJ034413.0+320135 56.05407 32.02652 18.99 0.13
c2dJ034441.2+321010 56.17156 32.16944 17.4 0.07
H band turnoff
€2dJ032519.5+303424  51.33134 30.57338 19.24 0.07 18.799 0. 18.34 0.06
€2dJ033037.0+303128 52.65402 30.52437 2041 0.11 17.806 0. 15.82 0.06
c2dJ033044.0+303247 52.68326 30.54639 16.13 0.07 14597 0. 13.21 0.08
c2dJ033118.3+304940 52.82625 30.82765 18.11 0.06 15.306 0. 14.48 0.06
c2dJ033312.8+312124 53.30349 31.35673 19.61 0.13 17.886 0.
€2dJ033341.3+311341  53.42204 31.22806 20.9 0.32 18.527 0.017.73 0.06
€2dJ034109.1+314438 55.28804 31.74386 17.63 0.06 15.1896 0. 14.28 0.06
c2dJ034255.9+315842 55.73312 31.97834 14.69 0.06 13.4%6 0.
c2dJ034426.7+320820 56.11124 32.13898 19.45 0.12 18.3408 0. 16.7 0.06
c2dJ034431.1+321848 56.12973 32.31347 19.86 0.37 18.098 O.
€2dJ034437.9+320804 56.15785 32.13448 18.1 0.06 16.136 0.014.87 0.06
€2dJ034516.3+320620 56.31809 32.10559 18.33 0.06 16.196 0. 14.85 0.06
€2dJ034520.5+320634  56.33525 32.10958 17.57 0.06 15.396 0. 14.1 0.06
K s band turnoff
€2dJ032741.5+302017 51.92281 30.33799 16.46  0.06 14.706 O.
€2dJ032800.1+300847  52.00038 30.1464 19.82  0.08 17.326 0.015.13 0.07
€2dJ032847.6+312406 52.19853 31.40168 19.64 0.11
c2dJ032850.6+304245 52.2109 30.7124 20.31 0.28
c2dJ032851.0+311818 52.21262 31.30513 18.49 0.07 15.807 0. 14.0 0.07
c2dJ032851.2+311955 52.21335 31.3319 18.19 0.06 15.946 0.014.7 0.06
€2dJ032859.6+312147  52.24817 31.36296 18.42 0.06 16.196 0. 15.59 0.06
€2dJ032903.8+311604 52.26574 31.26773 20.12 0.13 17.607 0. 16.01 0.06
€2dJ032903.9+305630 52.26613 30.9416 18.87 0.07
c2dJ032903.9+312149 52.26614 31.3635 17.15 0.07 15.28 8 0.014.18 0.07
c2dJ032909.0+312624 52.28738 31.43997 19.95 0.17
c2dJ032910.8+311643 52.29515 31.27849 19.79 0.16 18.707 O.
€2dJ032913.1+312253  52.30474 31.38134 19.71 0.19 17.3 7 0.0
€2dJ032921.9+311536  52.34115 31.26005 15.29 0.05 14906 0. 13.49 0.06
€2dJ032923.2+312030 52.34653 31.34173 18.59 0.06 16.9 6 0.015.14 0.06
c2dJ032932.6+312437 52.38573 31.41025 17.79 0.06 16.696 O.
¢c2dJ033001.9+303529 52.5078 30.59145 19.09 0.1 18.21 0.08
c2dJ033035.9+303024 52.64968 30.50678 12.07 0.07
€2dJ033038.2+303212 52.65919 30.53665 19.7 0.2 18.44 0.07
€2dJ033052.5+305418 52.71878 30.90494 19.05 0.12 17.106 O.
€2dJ033114.7+304955 52.81127 30.83206 18.53 0.06 16.906 0. 15.8 0.06
c2dJ033142.4+310625 52.92668 31.10691 19.8 0.1 17.66 0.065.8 0.06
c2dJ033233.0+310222 53.13745 31.03935 20.13 0.11 17.8406 0. 15.38 0.06
c2dJ033234.0+310056 53.14185 31.01549 18.02 0.06 15.796 0. 14.34 0.06
€2dJ033241.7+311046  53.17377 31.17953 20.63 0.2 18.357 0.016.65 0.06

3 The YSOs start exhibiting significant{3 IR excesses above the photosphere level longward of theffuwavebands.
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Table 1 —Continued.

IDcag R.A.(J2000) Decl.(J2000) g oy r or 7 o

(deg) (deg) (mag) (mag) (mag) (mag) (mag) (mag)
€c2dJ033401.7+311440 53.50692 31.24438 17.86 0.06 15.6®6 0. 13.95 0.06
€c2dJ033915.8+312431 54.81587 31.40854 18.77 0.07
c2dJ034119.2+320204 55.32994 32.03438 20.07 0.13 17.7®7 0. 16.15 0.06
c2dJ034155.7+314811 55.48214 31.80318 20.11 0.12
c2dJ034157.8+314801  55.49064 31.80023 19.16 0.08 16.9 6 0.0
€2dJ034219.3+314327 55.5803 31.72415 1956 0.1 17.44 0.06
€2dJ034232.9+314221  55.63711 31.70572 17.63 0.06 16.1®6 O.
c2dJ034322.2+314614  55.84257 31.77045 19.32 0.11 17.496 0.
€2dJ034328.2+320159 55.86753 32.0331 16.88 0.06 15.686 0.014.52 0.06
€2dJ034355.2+315532  55.98018 31.92559 18.9 0.08
€2dJ034356.0+320213  55.98346 32.03702 2051 0.17 18.097 0. 16.35 0.06
€2dJ034358.6+321728 55.99406 32.29097 16.32 0.1 14937 0.0
€2dJ034358.9+321127 55.99549 32.19088 18.06 0.06 16.3®6 0. 15.3 0.05
€2dJ034359.9+320441  55.9995 32.07817 17.67 0.06
c2dJ034406.0+321532  56.02504 32.25892 17.74 0.07
€2dJ034406.8+320754  56.02833 32.13167 1946 0.1 17.817 0.016.1 0.06
€2dJ034407.5+320409  56.03132 32.0691 20.37 0.17 18.28 8 0.016.48 0.06
c2dJ034411.6+320313 56.04844 32.05364 19.03 0.17 17.2206 O.
c2dJ034418.6+321253 56.07747 32.21475 18.66 0.1 19.083 0.1
€2dJ034421.6+321038 56.0901 32.17713 18.99 0.08 16.856 0.015.72 0.06
c2dJ034422.3+321201  56.09307 32.20019 18.31 0.06 16.6706 0. 15.26 0.06
€c2dJ034425.5+321131  56.10633 32.192 19.28 0.08 17.22  0.065.63 0.06
€c2dJ034427.3+321421  56.11359 32.23915 19.42 0.08 16.0 6 0.0
€2dJ034431.4+320014 56.13069 32.00394 18.56 0.08
€2dJ034435.7+320304  56.1487 32.05097 20.47 0.2 18.88 0.187.55 0.06
c2dJ034438.5+320736  56.16024 32.12659 16.84 0.06 15.296 0. 14.38 0.06
€2dJ034438.5+320801 56.1606 32.13351 18.92 0.07 16.9 0.065.21 0.06
€c2dJ034444.7+320402 56.18633 32.06736 17.54 0.06 15.4206 0. 14.06 0.06
€2dJ034452.0+322625 56.21668 32.4404 18.83 0.1 16.92 0.06
c2dJ034452.1+315825 56.21689 31.97367 17.71  0.06
€2dJ034525.1+320930 56.35479 32.15842 19.0 0.07 16.856 0.015.06 0.06
€2dJ034536.8+322557  56.40347 32.43251 15.96 0.06 13.79D5 0.
c2dJ034548.3+322412 56.45111 32.40334 10.71 0.07
€2dJ034558.2+322647  56.49269 32.44653 20.7 0.29 18.72 0.116.73 0.06

IR1 band turnoff

c2dJ032747.7+301205 51.94864 30.20126 18.17 0.07 16.107 O.
€c2dJ032834.5+310051 52.1437 31.01419 18.38 0.11
€2dJ032842.4+302953 52.17673 30.4981 17.97 0.06 16.28 6 0.014.53 0.06
€2dJ032844.1+312053 52.18372 31.34799 18.34 0.06
€2dJ032846.2+311638 52.19252 31.27734 16.63 0.06 14996 0. 13.48 0.06
c2dJ032847.8+311655 52.19933 31.28196 20.02 0.12 19.098 0. 16.6 0.06
€2dJ032852.2+312245  52.2174 31.37924 17.9 0.06 15.99 0.064.64 0.06
¢2dJ032856.6+311836  52.23602 31.30987 17.65 0.07 16.286 O.
€c2dJ032857.0+311622 52.23736 31.27285 18.12 0.07
€2dJ032903.1+312238 52.26311 31.37723 20.11 0.14 18.407 0. 17.06 0.06
€c2dJ032904.1+305613 52.26716 30.9369 20.58 0.16 19.412 0.117.06 0.06
€2dJ032918.7+312325 52.32808 31.39038 16.0 0.05 14.156 0.013.57 0.06
€2dJ032920.4+311834 52.33515 31.3095 18.72 0.13
¢2dJ032930.4+311903 52.37668 31.31759 17.57 0.06 16.096 0. 14.69 0.06
€c2dJ032932.9+312713  52.387 31.45349 19.35 0.07 17.67 0.065.93 0.06
€2dJ032937.7+312202  52.40723 31.36735 19.71 0.12 17.3 6 0.0

€2dJ032954.0+312053  52.47518 31.34803 17.81 0.06 15.8 6 0.014.72 0.06
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Table 1 —Continued.

IDcag R.A.(J2000) Decl.(J2000) g oy r or 7 o

(deg) (deg) (mag) (mag) (mag) (mag) (mag) (mag)
€2dJ033024.1+311404  52.60034 31.23454 19.3 0.07 18.0 0.066.18 0.06
€2dJ033110.7+304941 52.79451 30.82795 18.55 0.06 15.5D6 0. 15.05 0.06
€2dJ033430.8+311324 53.62826 31.22343 18.45 0.07 16.38%6 0.
€2dJ033449.8+311550 53.70768 31.26396 15.85 0.06 14.1106 O.
¢2dJ034001.5+311017 55.00621 31.17147 19.56 0.15 17.696 O.
€2dJ034201.0+314913  55.50422 31.82038 19.16  0.07
€2dJ034204.3+314712 55.51807 31.78655 18.05 0.06
€2dJ034220.3+320531 55.58467 32.09195 20.03 0.12 17.506 0. 16.14 0.06
€2dJ034232.1+315250 55.63377 31.88043 1992 0.14
€2dJ034249.2+315011 55.70492 31.83643 19.47 0.1 17.116 0.0
€2dJ034313.7+320045 55.80708 32.01254 18.71 0.08
€2dJ034323.6+321226  55.84821 32.20718 19.32  0.12 17.236 0.
€2dJ034329.4+315219  55.87265 31.87207 19.38 0.1
€2dJ034345.2+320359  55.9382 32.06628 1851 0.1
€2dJ034348.8+321552  55.95345 32.26431 19.57 0.13 17.637 0. 1595 0.06
€2dJ034355.3+320753  55.98033 32.13147 19.01 0.13 17.006 O.
€2dJ034359.1+321421  55.99624 32.23923 20.15 0.13 17.60D7 0. 16.73 0.06
€2dJ034401.6+322359  56.00656 32.39968 18.68 0.11 16.736 O.
€2dJ034402.9+315228 56.01215 31.87437 18.9 0.09
€2dJ034418.2+320457  56.0757 32.08249 18.09 0.07 16.4 0.06
€2dJ034425.5+320617 56.10645 32.10476 18.47 0.09 16.706 O.
€2dJ034426.0+320430 56.10848 32.07512 16.19 0.06 14196 0. 13.33 0.06
€2dJ034427.9+322719  56.11625 32.45525 19.42 0.08 17.997 0. 16.06 0.06
€2dJ034428.5+315954 56.1188 31.99833 18.65 0.06 16.696 0.015.03 0.06
€2dJ034429.8+320055 56.12418 32.01516 17.49 0.06
€2dJ034432.0+321144  56.1335 32.19548 15.47 0.06 13.8 0.062.77 0.06
€2dJ034433.8+315830 56.1408 31.97506 18.75 0.12 16.886 0.0
€2dJ034435.0+321531  56.1458 32.25865 18.36  0.08 16.5 0.06
€2dJ034435.5+320856  56.14779 32.14897 16.9 0.06
€2dJ034437.0+320645 56.15399 32.11256 12.16  0.06
€2dJ034437.4+320901 56.1559 32.15024 16.75 0.09 15.546 0.0
€2dJ034438.0+320330 56.15825 32.05825 17.72 0.06 15.436 0. 14.14 0.06
€2dJ034439.8+321804 56.16583 32.30112 19.6 0.09 17.126 0.015.44 0.06
€2dJ034440.2+320933 56.16771 32.15917 17.01 0.08
c2dJ034442.6+321002 56.17741 32.16735 17.97 0.07
€2dJ034443.1+313734  56.17942 31.62603 19.06 0.08
€c2dJ034443.8+321030 56.18241 32.1751 20.86 0.24 18,55 0.115.89 0.06
€2dJ034450.4+315236  56.20979 31.87667 18.27 0.09
€2dJ034456.1+320915 56.23394 32.15422 17.08 0.06 14796 0. 13.77 0.05
€2dJ034517.8+321206  56.32426 32.20162 18.78  0.09 16.7806 O.
€2dJ034529.7+315920  56.37382 31.98881 18.53 0.08
€2dJ034533.5+314555  56.38945 31.76536 19.73 0.13
€c2dJ034535.6+315954  56.39849 31.99845 17.88 0.07
€2dJ034657.4+324917 56.7391 32.8215 18.7 0.09 16.86 0.06

IR2 band turnoff

€2dJ032851.1+311632  52.21281 31.27566 19.99 0.08 18.2D7 0. 16.27 0.06
€2dJ032852.2+311547 52.2173 31.26307 19.19 0.1 16.83 0.06
€2dJ032852.9+311626 52.22052 31.274 20.38 0.15 18.47 0.06.53 0.06
€2dJ032909.5+312721 52.28954 31.45581 20.12 0.23 17.90©6 O.
€2dJ032917.8+311948  52.32406 31.33001 19.35 0.08
€2dJ032921.6+312110 52.33988 31.35287 18.91 0.07 16.8%6 0. 15.24 0.06
€2dJ032923.2+312653 52.34687 31.44808 20.04 0.11 18.507 0. 16.69 0.06
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Table 1 —Continued.

IDcag R.A.(J2000) Decl.(J2000) g oy r or 7 o
(deg) (deg) (mag) (mag) (mag) (mag) (mag) (mag)
€2dJ032928.9+305842 52.37034 30.9783 18.75 0.06 17.2 0.065.42 0.06
€c2dJ032929.8+312103 52.37415 31.35072 19.65 0.1 17.726 0.015.83 0.06
c2dJ032937.6+310249 52.40678 31.04699 17.85 0.06
c2dJ033120.1+304918 52.83379 30.82157 19.16 0.09 17.006 O.
€2dJ033346.9+305350 53.44552 30.89726 20.43 0.17 18.4 7 0.016.55 0.06
€2dJ034336.0+315009  55.90007 31.83583 19.66 0.09
€2dJ034346.5+321106  55.94357 32.18498 18.76  0.09
c2dJ034347.6+320903 55.94853 32.1507 18.54 0.09
c2dJ034415.8+315937 56.06598 31.99354 17.52 0.06
c2dJ034421.3+321156 56.08878 32.19897 19.09 0.07 16.906 0. 15.49 0.06
€2dJ034427.2+322029 56.11342 32.34133 17.01 0.06
€2dJ034430.8+320956  56.12848 32.16547 11.93 0.08 11.025 O.
€2dJ034658.5+324659  56.74379 32.78303 19.22 0.13 17.096 O.
IR3 band turnoff
€c2dJ032858.1+311804  52.24213 31.30102 19.06 0.07 16.926 0. 15.65 0.06
€2dJ032908.0+312251  52.28315 31.38095 19.26 0.11 17.2208 0.
c2dJ032912.9+312329 52.30381 31.39147 18.36  0.09 16.696 O.
c2dJ032916.8+312325 52.32013 31.39031 18.22  0.06
c2dJ032926.8+312648 52.36172 31.44654 15.81 0.05 14.106 O.
€2dJ032929.3+311835 52.37198 31.30963 19.27 0.07 17.006 0. 15.6 0.06
€2dJ034233.1+315215 55.63803 31.87075 18.86 0.08
€c2dJ034234.2+315101  55.64244 31.85028 18.23 0.07
c2dJ034250.9+314045 55.71208 31.67921 18.44  0.06
c2dJ034301.9+314436 55.75807 31.74322 19.4 0.08
c2dJ034308.7+315139 55.78628 31.86072 19.06 0.08
c2dJ034344.6+320818 55.93594 32.13827 17.3 0.06 15.466 0.014.46 0.05
€2dJ034410.1+320405 56.0422 32.06792 19.2 0.16 16.93 0.06
€2dJ034415.2+321942  56.06348 32.32838 17.6 0.08
c2dJ034418.2+320959 56.07588 32.16648 19.23 0.16 17.1406 0.
c2dJ034422.3+320543 56.09287 32.09521 18.94 0.07 16.806 0. 15.61 0.06
c2dJ034422.6+320154 56.09409 32.03157 18.87 0.07 16.796 0. 15.05 0.06
€2dJ034425.7+321549  56.10713 32.26367 18.83 0.14
€c2dJ034429.2+320116 56.1218 32.02103 18.9 0.1
€2dJ034429.7+321040 56.12391 32.17772 17.39 0.11 15.807 0. 14.83 0.06
c2dJ034434.1+321636 56.14225 32.2766 17.57 0.06
c2dJ034434.8+315655 56.14503 31.94866 19.52 0.09 17.407 0. 15.83 0.06
c2dJ034437.4+321224 56.15584 32.20671 18.47 0.09 16.9D6 O.
€c2dJ034438.0+321137 56.15838 32.19361 18.3 0.08 16.456 0.0
€2dJ034439.0+320320 56.16238 32.05547 19.05 0.18 17.3D6 O.
€2dJ034439.2+322009 56.16331 32.3358 19.89 0.11 17.876 0.015.83 0.06
c2dJ034441.7+321202 56.17392 32.20062 16.98 0.06
c2dJ034442.6+320619 56.17758 32.10541 17.01 0.06 15.4 6 0.014.58 0.06
c2dJ034443.0+321560 56.17929 32.26656 18.15 0.07
c2dJ034444.6+320813 56.18579 32.13681 19.53 0.13 17.8 6 0.016.16 0.06
€2dJ034457.9+320402  56.24106 32.0671 1863 0.1 16.56 0.06
€2dJ034460.0+322233  56.24997 32.37576 17.76  0.06
c2dJ034501.4+320502 56.25595 32.08382 13.76  0.06 12.79D5 0.
c2dJ034504.7+321501 56.2694 32.2503 19.27 0.15 17.14 0.06
c2dJ034513.5+322435 56.30627 32.40966 17.89 0.06
IR4 band turnoff
c2dJ032854.1+311654 52.22537 31.28172 18.89 0.08 16.596 O.

€2dJ033027.1+302830  52.61309 30.47493 18.39 0.1
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Table 1 —Continued.

IDcag R.A.(J2000) Decl.(J2000) g oy r or 7 o

(deg) (deg) (mag) (mag) (mag) (mag) (mag) (mag)
€2dJ034227.1+314433 55.613 31.74247 19.17 0.11 17.33 0.06
€2dJ034254.7+314345  55.72778 31.72924 16.22 0.05 14506 0. 13.59 0.06
€c2dJ034306.8+314821 55.77822 31.80569 20.05 0.12 17.636 0. 15.63 0.06
€c2dJ034419.1+320931 56.07973 32.15869 11.3 0.08
€2dJ034421.6+321510 56.08987 32.25271 18,57 0.1 17.627 0.015.83 0.06
€2dJ034431.5+320845 56.13145 32.14581 1471 0.06 13.4 6 0.012.76 0.06
€2dJ034456.8+315411 56.23684 31.90317 17.45 0.06
€2dJ034507.6+321028 56.28182 32.17441 12.11  0.05

W3 band turnoff

€2dJ032916.7+311618 52.31955 31.27171 17.17 0.06 15526 0. 13.97 0.06
€2dJ033026.0+310218 52.60821 31.03831 15.27 0.05 13.725 0.
€2dJ033351.1+311228 53.46281 31.20772 19.35 0.07 17.096 0. 14.77 0.06
€2dJ034011.8+315523  55.04929 31.92315 19.42 0.07 17.396 0. 16.17 0.06

Notes: All the photometry was calibrated against the SDS8 BdRalog.

Spatial distribution of the Perseus YSOs is shown in Figumad the 110 GH23CO integrated
intensity map from the Coordinated Molecular Probe Lineiiotton Thermal Emission Survey of
Star Forming Regions (COMPLETE, Goodman et al. 2005; Ridgd. 2006) project is overlaid
for comparison. As already known, most Perseus YSOs areiagst with the two major clusters
IC 348 and NGC 1333. In particular, 83 of the 211 YSOs are wifth (~1.7 pc at a distance of
320 pc, e.g. Belikov et al. 2002; Evans et al. 2009; Strom.et@14; de Zeeuw et al. 1999) of IC
348, and 43 are within 1%~1.3 pc at a distance of 250 pc, e.g. Evans et al. 2009) of NGG.133

Figure 2 shows histograms of the IR1 mag and the spectratésdi( /X;—M1) for the parent
sample and our working subsample. As can be seen, our 211 ¥&Cpected to be statistically
unbiased, at least at IRS 10 mag, which would correspond to a stellar mass-dd.9 M, at an
age of~3 Myr for a distance modulugn — M), = 7.5 (corresponding to a distance of 320 pc
for IC 348), according to the PMS evolutionary tracks of Bierat al. (1998). Moreover, since hot
dust of the circumstellar disks may contribute significandl the IR1 emission, our subsample of
YSOs may be statistically unbiased downltf, slightly below 0.9M,. In addition, most of our
YSOs haver < 0.0, implying that our subsample is dominated by Classes FIl and 111 YSOs.
The spectral index(K,—M1) (Evans et al. 2009), which quantifies the spectral slopmfK, to
Spitzer24 um, was obtained from a linear fit to logarithms of all avaiaphotometry betweefR ,
and M1. Note that for sources without M1 data, we used the W4 fda determining the spectral
indices.

3 COLOR-MAGNITUDE DIAGRAMS

The color-magnitude diagrams for our sample are shown iarEi§. The evolutionary models for
low-mass stars and brown dwarfs from Baraffe et al. (199880 plotted in Figure 3 to be com-
pared with our data. When plotting the evolutionary model&igure 3, the/ H K photometry in
the CIT system as provided by Baraffe et al. (1998) was toansfd to the 2MASS photometric
system, and our SDSSmagnitude was transformed to the Cousinsiagnitude using the trans-
formation equation determined by Lupton (2005). The tramsftion equation of Lupton (2005)
involves Cousind, SDSSr and SDSS. Among the 198 YSOs that haveband detection, 60 do
not haver-band detection. To put these 60 YSOs onthe J vs. J diagram (right panel of Fig. 3),
we adopted a median éf— i = —0.82, as determined from the YSOs with botlandi detections,
to transform SDS%to Cousing/.

In Figure 3, most of our YSOs are redder than the pure steflatgsphere emission. A recent
study by Chen et al. (2015) found a mean visual interstekainetion of <1 mag toward the Perseus
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Fig.1 The spatial distribution of the Perseus YSOs is overplotiedhe FCRAO 110 GHz3CO
integrated intensity map (greyscale, FWHM46"") from the COMPLETE project. The small red
circles mark the 211 YSOs studied in this work, and the blosses mark the parent sample of 429
YSOs which have at least three band detections in the IR wag#i range from 2MASS to MIPS

24 um. Several well-studied clusters or cores are also anmbiatie figure.
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Fig.2 Histograms of the IRAC 3.6um (IR1) magnitude léft) and spectral indexx (K;—M1)
(right) in wavelength ranges froii; to MIPS 24um for the parent sampl@per) and our working
subsampleh{atched of YSOs.

region, which is insufficient to explain the red colors of M¥SOs, especially considering their
distribution on theJ — K, vs. K, diagram. Therefore, as expected, hot dust emission from the
inner circumstellar disks of YSOs contributes significarnd the K band. The comparison with
theoretical evolutionary tracks implies that the massesuofy SOs are mostly above the substellar
limit (~ 0.08 M ). The fact that evolutionary tracks at different massesaayes are well separated
on the color-magnitude diagram involvidgband data suggests the importance of optical bands in
constraining the properties of the central stellar souo&sS0s.
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Fig.3 J — Ks vs. K, (left) andI — J vs. J (right) color-magnitude diagrams. The left panel
shows the distribution for all of the 211 YSO#léd circleg studied in this work, and the right panel
shows the distribution for 198 YSOs withband detection. Overplotted are stellar evolutionary
tracks of Baraffe et al. (1998) for a stellar mass range.@2 — 1.4 M, at three different ages (1,
3 and 30 Myr). The black arrow in each panel marks the 5-maggaVisxtinction vector, assuming
the Fitzpatrick (1999) extinction law witRy = 3.1. The evolutionary tracks and extinction vector
shown in the right panel are the same as those in the left pami$tance modulus ofm — M), =

7.0 for the Perseus YSOs is adopted.

4 SED MODELING
4.1 The Method

With the broadband SEDs in hand, we used the online SED fittiot) developed by R06 and
Robitaille et al. (2007) to extract the relevant physicalgmrties of YSOs and their circumstel-
lar disks. This online fitting tool offers the possibility &éfting YSO SEDs with a precomputed
grid of 200 000 synthetic SEDs computed at 10 viewing angles. model SEDs account for the
contribution from central stellar photosphere emissiancuenstellar disks, and infalling envelopes.
In particular, the stellar photosphere emission is modelgld two parameters, i.e. stellar lumi-
nosity and temperature; The disk is treated as a standandgflaccretion disk and the resultant
emission is modeled with six parameters, i.e. the disk ma®s001-0.1M ), inner radius, outer
radius (1-10000 AU), accretion rate, scale height factar feEaring angle; The envelope emission
is modeled with four parameters, i.e. envelope accretitey quter radius, cavity density (18—
8x10720 g cm~?) and cavity opening angle. In addition, the central steflasses (0.1-50/) and
ages (0.001-10 Myr) are constrained by comparing the stalainosity and temperature with the
PMS evolutionary tracks of Bernasconi & Maeder (1996) ar$Set al. (2000).

Before proceeding to the SED modeling for our data, we paithsome limitations of the R06
SED models (Robitaille 2008) that may be relevant to ourentrwork. Firstly, the models do not in-
clude the case for multiple central stellar sources, whichaffect the size of the disk/envelope inner
holes and thus influence the near- to mid-IR emission. Sdgahére exist several sets of different
PMS evolutionary tracks in the literature. Besides thesS@tsl. tracks as adopted by the R06 SED



YSOs in the Perseus Cloud 1305

models, other popular PMS tracks include Swenson et al.4)1¥@Antona & Mazzitelli (1997),
Baraffe et al. (1998), Palla & Stahler (1999), Yi et al. (2DPaBd Dotter et al. (2008). Adopting dif-
ferent tracks can lead to systematic differences in thalfétellar parameters (e.g. Fang et al. 2013;
Hillenbrand et al. 2008), and the systematic effects are@aly significant for sub-solar mass stars
at young ages. In particular, uncertainties in age estondtom different tracks for sub-solar mass
stars can be up to 0.75 dex at young ageslQ Myr, Hillenbrand et al. 2008). Thirdly, the dust
opacity law assumed in the models may not be accurate, whichdwaffect the determination of
disk/envelope accretion and mass.

When fitting the SEDs, an uncertainty in absolute flux catibreof 5% was added in quadrature
to thegri uncertainties, a 10% uncertainty was added K, and IRAC data uncertainties, and
a 20% uncertainty was added to the M2 data uncertaintiem@Eeaal. 2009). In addition, when
both (IR1, IR2) and (W1, W2) data were available, IR1 and IRZewsed in the fitting due to the
higher resolution of IRAC data. An aperture of1@as used in the fitting. In addition, the distance
to YSOs was allowed to vary from 0.2 to 0.35 kpc, and the faregd interstellar extinctiory was
allowed to vary from 0.3 to 30 mag, with the lower limit df,, being chosen based on the Perseus
extinction map as determined by Chen et al. (2014). Beshikedest-fitting model parameters, all
the subsequent well-fit models with reduogd— x?2, .., < 2 were used to define the minimum and
maximum acceptable physical parameters. 7

4.2 The Results

The range of wavelength coverage determines what physicahgeters can be constrained from
SED modeling. A thorough investigation about how the wavglk range of data affects the deter-
mination of different physical properties of YSOs was gibgrR06. Given our wavelength coverage
from optical to MIPS 24um (or WISE 22um), we expect to roughly constrain the central stellar
source luminosity, extinction and the circumstellar diskinosity. Although subject to much larger
uncertainties than constraints from spectroscopic dagsgentral stellar masses and ages can still be
roughly constrained from broadband SED modeling to stediky investigate a large sample, like
the one presented in this work. Moreover, while the mass#seafircumstellar disks and envelopes
cannot be reliably constrained unless one has far-IR to subdata, SED modeling for wavelength
ranges shorter than far-IR can still be used to statisjicalhstrain the evolutionary stages of YSOs.
RO6 found that at least three different evolutionary stagé&SOs can be statistically distinguished
based on the fitted envelope accretion rates normalize@bgrsnasses\/..., /M.) and disk masses
(Maisk/M,). In particular, the Stage | YSOs have significant infalleryelopes and are defined by
havingM..., /M, > 10~ yr—'; Stage Il YSOs have optically thick disks and are defined lwriza
Meny /M, < 1076 yr=! and My /M, > 107%; Stage |1l YSOs have optically thin disks and are
defined by having both/,,, /M, < 10~¢ yr—! and Mgiq. /M, < 10~°. Lastly, the near- to mid-IR
SEDs are also sensitive to disk properties, such as therthigk radius and disk flaring.

Figure 4 shows the SEDs of the 27 YSOs which have M2-band tiletscand at the same
time at least one optical band available. The black solidretun each panel of Figure 4 is the
best-fit model SED, and the grey solid curves represent besyuent well-fit models with reduced
X7 —XZ pest < 2- In addition, SEDs of the best-fit stellar photosphere eimiscorrected for both
the interstellar and circumstellar extinction) are ovetigld as dashed curves. By calculating the
likelihood estimator X:/2 for each well-fit model with¢2 — y2, .., < 2 for a given YSO, we con-
struct the probability density function (PDF) and the cepnding cumulative distribution function
(CDF) for parameters such as stellar masggsages and disk inner radidg,,. The most probable
value for each parameter refers to the median of the cornelipg PDF, and the confidence interval
is defined as covering the central 95% of the CDF. In what Wedlin this section, we will present
the results forM,, ages and the evolutionary stages as identified based oristhendsses and en-
velope accretion rates which are normalized by stellar esaddiscussion about the disk geometry
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parameters from SED modeling and fractional dust lumigobit,si/L., whereLg,s; (in units of
L) is equal to the integral of the best-fit stellar photosplseitgtracted SEDs, will be presented in
the next section. SED modeling results for some relevaramaters, such a¥,, ages and;,,, are
listed in Table 2.

Table 2 SED Fitting Results for Perseus YSOs

IDc2a IDmodel Xfﬂ Ay D M, Age, L Lgust Rin/Rsub Stageturnoff Cexcess
(mag) (kpe) M)  (10°yn) (10 °Le)(10 2Le)
@ @ @@ © ®© ™ ®) ©) (19 1y 12 13

J band turnoft
c2dJ032852.2+304506 3000104 2.03.76 0.28 236, 76.39'29 72 5439.09  173.77 1707 I -075 -0.63

—23.22

c2dJ032854.6+311651 3013176 0.43.04 0.23 D)1} 25.55' 27 8.72 1.13 427 11 -057 -0.54
c2dJ032917.7+3122453005510 0.55.7  0.26 222 76.42722-482637.26  263.42 1403 I -095 -08
c2dJ033035.5+3115593018343 6.70.79 0.24 10%?8.92"3".75 247596 191017 83}¢¥." 1 -046 -0.14
c2dJ033330.4+311051 3003655 0.36.6  0.21 224 62.4750°51 2561.06 339.83  1.0,0° I -08  -0.99
c2dJ034157.4+314837 3015603 1.37.69 0.28 28’ 93.6175% 1964.93 21013 1000 I -086 -1.07
c2dJ034344.5+3143093017083 2.53.27 0.28 811, 16.84"5°:296740.19 12332  15)7 I -013 -01
c2dJ034413.0+3201353017363 4.05.47 0.23 8425 42.96"21 51 17530.01 24548 15} II 071  0.61
c2dJ034441.2+3210103007882 1.24.09 0.3 *§:87 0.43729% 396579 3561.31 1877 1 -013 0.4
H band turnoff
c2dJ032519.5+303424 3005058 5.50.74 0.27 10720 40.9"}5 70 31113 4.52 1000 II 004 016
c2dJ033037.0+303128 3000055 1.78.57 0.26 1949, 26.92'928% 3108.50  95.56 1107 11 -0.76  -0.92

c2dJ033044.0+303247 3015197 1.43.81 0.24"§:82 6.16"5%%* 14218 145099 1559 II  -058 -0.46

—3.64
€2dJ033118.3+304940 3002814 2.05.21 0.25 144 31.467 51 11202.82  89.27 1559 II -063 -065

—24.58 =0.5
c2dJ033312.8+312124 3011659 3.88.95 0.28 113§ 31.73"2%29 92.66 507.28 1.9 I 028 003
c2dJ033341.3+3113413003019 2.62.59 0.23 1 8% 13.8477°:1° 888.1 12.61 175 II -036 -0.29
c2dJ034109.1+314438 3010092 3.55.51 0.26 2% 49.38"17 77 1686.36  177.4 145} I -051 -053
c2dJ034255.9+3158423019328 4.15.23 0.28 22% 65.84"10:°° 2437.85  62.43 5385 11 -0.85 -0.65
€2dJ034426.7+320820 3011061 0.60.84 0.3 0R321.6272:52 37.06 17.83 e I -044 022
c2dJ034431.1+321848 3005792 1.23.05 0.26 013 59.9"%3-27 3.09 2.97 3757 I -061  -0.26
c2dJ034437.9+320804 3002764 0.93.92 0.26"¢:8) 19.66"52 72 93.56 37.84 1332 I -112 -0.95
c2dJ034516.3+320620 3011667 2.65.22 0.23 1,08 71.65" 71 56.7 49.01 1459 I -044 -058
c2dJ034520.5+320634 3011715 0.4 4.48 0.28 153 27.327551 266.2 26.14 1337 I -072 -031
K ¢ band turnoff

c2dJ032741.5+302017 3001576 0.22.27 0.24 08’ 31.327521_49.74 8.74 1738 I -067 -0.24
¢2dJ032800.1+300847 3000691 2.02.53 0.22 & 5.3"1%,9%  25.08 7.42 1257 I -064 -0.14
€2dJ032847.6+312406 3000851 0.28.46 0.23 D1E 12.99" 355 19.85 1.85 1376 I -107 -058
€2dJ032850.6+304245 3014369 1.55.59 0.25 D'57; 11.4575%:9% 36.24 5.12 343'° I1I 004 016
€2dJ032851.0+3118183017528 3.15.9  0.24 1737 45.46'50-10526.49  66.46 2052 I -065 -0.34
c2dJ032851.2+3119553013451 1.54.15 0.23 1119932.15751-92169.12  18.34 108]% I -0.61 -0.19
c2dJ032859.6+312147 3015522 3.62.25 0.2 224213.53"1°:.°°904.71 1241 15,5 I -077 -055
c2dJ032903.8+311604 3005745 2.34.9  0.25 0;82. 0.0770°78 141957 2497.43 372 I 099 113
¢2dJ032903.9+305630 3005573 1.70.65 0.25 % 1.19"%31  14.67 5.3 138236 I 001 075
€20dJ032903.9+312149 3001003 1.43.29 0.23 /99! 7.14"59.2% 206.45 253 2035 I -0.63 -0.23
c2dJ032909.0+312624 3013017 2.02.11 0.22 054 5.6777°%27 102.75  0.72 2353 I 01 0.5
c2dJ032910.8+3116433005025 2.71.25 0.24":3) 6.78"525 11.28 2.45 5243 I -005 03
€2dJ032913.1+312253 3012963 0.22.57 0.22 0127:0.9"39¢  90.31 53.94 13257 I -08 -03
€2dJ032921.9+311536 3018372 6.00.77 0.227§:27 4.09"1';7® 34.96 14.09 1203 I -111 -082
2dJ032923.2+312030 3009928 0.30.89 0.24 D13, 14.3772735 7.74 2.33 1855 I -069 003
c2dJ032932.6+312437 3003831 0.81.99 0.23 0¢ 13.76/5" .34 130.55  2.06 1352 I -091 -038
¢2dJ033001.9+3035293010577 4.20.78 0.24 03% 8.1770-%1  79.42 1.64 1857 II 082  1.06
€2dJ033035.9+303024 3009292 0.43.7  0.22 287 39.41"25-771083.2 12566 143 I -094 087

4 The YSOs start exhibiting significant¢3 IR excesses above the photosphere level longward of theffuwavebands.
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IDc2q IDinodel Xp Av D

M, Age, L,

Laust

Stag@turnott Cexcess

(mag) (kpe) M)
@ @ ®@ 6

®) Q) ®)

(10° yr) (107?Le) (107 L)

©

(11 (12 (13

€2dJ033038.2+303212 3002146 1.6 0.9

€2dJ033052.5+305418 3010241 0.6 6.53
€2dJ033114.7+304955 3002775 2.42.89
€2dJ033142.4+310625 3016509 0.7 3.17
€2dJ033233.0+310222 3014845 3.6 3.21
€2dJ033234.0+310056 3000422 1.2 4.43
€2dJ033241.7+311046 3010765 0.55.88
€2dJ033401.7+311440 3009679 0.8 2.88
€2dJ033915.8+312431 3007253 0.4 6.85
€2dJ034119.2+320204 3002434 0.6 3.78
€2dJ034155.7+314811 3008064 3.05.71
€2dJ034157.8+314801 3007280 0.4 8.27
€2dJ034219.3+314327 3017857 1.37.04
€2dJ034232.9+314221 3016488 0.45.11
€2dJ034322.2+314614 3005663 0.7 5.71
€2dJ034328.2+320159 3018372 0.6 1.42
€2dJ034355.2+315532 3002726 0.53.03
€2dJ034356.0+320213 3005130 0.85.05
€2dJ034358.6+3217283010994 0.2 3.26
€2dJ034358.9+321127 3004698 1.7 2.92
€2dJ034359.9+320441 3012322 0.42.99
€2dJ034406.0+321532 3013554 0.4 2.51
€2dJ034406.8+320754 3014099 0.2 1.58
€2dJ034407.5+320409 3006323 1.21.81
€2dJ034411.6+3203133017532 0.58.63
€2dJ034418.6+321253 3005247 0.57.88
€2dJ034421.6+3210383015022 0.6 3.27
€2dJ034422.3+321201 3016057 0.4 2.41
€2dJ034425.5+321131 3014369 1.24.33
€2dJ034427.3+321421 3010010 0.52.5

0.24 0352 0.26" 92 179.08

0.23 0577 31.83" 5121 44.73

0.25 P%3,8.33"3 41 1011.41

2.65

0.23 0335 19.2737% .~ 37.18

16.06

0.227f.25 5.76" %% 68.83

—4.88

0.25 1138} 22.39" 767 193.4

0.24 057 64.27299% 32.03

0.23 %% 9.33799° 522

1 54.21
0.24 3%} 35.06" 3121 11.25

0.23 DM7 43.27" 2735 17.44

—37.0

0.22 128 6.5121.%  499.65

—0.81

0.25 1P 22.39" 7322 178.8

0.24 lpY* 37.15" 5797 416.8

30.81

44.93
0.24 0%7% 51.63"37 22 86.93

0.247(.85 24.68"53 7 26.44

0.26 032 7.212°.9%  34.96

—5.58

0.25 01%) 2.52"2'.9 4119

0.25 02742 4.6373% .7 300.35

—3.46

0.28 %% 33.03" 5719 33.09

0.28 0}57; 21.1771297 599.4

0.29 DAES 67572091 4.42

—50.52

5 +22.5
0.3 OX¥, 7517225, 221

0.28 bh1%; 27.98"2%22 10.85

—24.21

0.29 t%1¥ 57515818 87.35

—5.45

0.29 1% 23.94" 7997 111.11

0.24 ©1%8.93"777* 19.68

—8.07
0.25 1}373 9.54755,94 239.74

2 +51.77
0.25 0380 37.5115, 77 12.59

0.26 0;56, 31.08"350% 36.24

0.28"0:§" 36.19753 99 11.86

c2dJ034431.4+320014 3007448 0.310.18 0.28 103! 22.7377}-99 47.14

€2dJ034435.7+320304 3018693 0.6 2.74
€2dJ034438.5+320736 3005663 3.52.35
€2dJ034438.5+320801 3000691 0.7 2.01
€2dJ034444.7+320402 3014306 0.44.54
€2dJ034452.0+322625 3002305 0.6 3.48
€2dJ034452.1+315825 3002882 0.14.97
€2dJ034525.1+3209303011159 1.42.34
€2dJ034536.8+322557 3017240 0.4 3.33
€2dJ034548.3+322412 3002927 1.90.38
€2dJ034558.2+322647 3000861 0.6 2.34

19.04

0.26 0336 15.19" 7352 194.13

0487 45.4
0.23 0% 21.09" 17 26.44

0.26 0%3* 11.49" 1518 25.08

—10.47

T- 72.38
0.29 1175} 21.04" 72-%% 845.66

0.23 %7 53.98" 1212 8.36

—47.55

0.28 O27: 34.99"57 57 35.96

0.24 0323, 11.69" 29 37.64

0.24 1%Y. 229775294 160.5

—16.05

0.24 216% 224" 15 282259

—1.38

39.59
0.24 DL¥? 53.97139:59 9.78

170.26

10.54
23.12
3.41
16.19
50.34
19.97
8.88
4.04
2.42
12.91
19.86
9.03
8.22
4.09
13.02
27.18

187.54

6.74
13.65
0.98
0.57
3.9
24.56
28.32
10.88
18.36
2.74
21.18
4.54
12.0
4.48
9.05
8.14
21.02
0.85
2.84
16.06
25.0
614.5
1.04

I 0.67 1.76
II -024 -0.18
II  0.04 0.01
II -1.16 -0.63
II -089 -0.58
II 046 -0.28
II -029 -0.01
IIr -092 07
II -071 -0.24
I -119 -0.89
I 0.27 -0.03
II -071 -0.36
II 04 -0.25
II -066 -0.17
II -095 -0.53
I -121 -091
I -0.56 0.32

I -0.82 -0.49
II -083 -0.27
II -043 0.28
II -095 -0.03
II -106 -05
IIr -097 -0.32
II 01 1.3

II  -0.95 -0.63
II -084 -0.78
II -10 -0.72
II -1.01 -0.63
II 053 -0.24
II -096 -0.28
II -0.88 -0.58
II -027 042
II -082 -0.26
I 07 0.31
II -092 -0.33
IIr -155 -1.02
IIr -105 -0.32
II -05 0.01
I -099 -0.29
I -0.72 -0.11
II -133 -0.8

IR1 band turnoff

c2dJ032747.7+301205 3015087 1.111.48 0.23 265, 33.44"33 19 418.98

€2dJ032834.5+310051 3000103 4.15.73
€2dJ032842.4+3029533010255 0.30.85
€2dJ032844.1+312053 3015896 0.1 4.66
€2dJ032846.2+311638 3005111 0.6 1.04
€2dJ032847.8+3116553017951 3.20.69
€2dJ032852.2+312245 3016046 0.52.29
€2dJ032856.6+311836 3019661 1.8 4.95

3.92

4.02
0.25 210 3.88"5 0%  2102.0

0.23 OO1pL 6.721 [%2° 25.22

0.24 b1, 64.387%2 72 6.06

0.23 03%; 12.12" ;3% 41.89

0.24 b1’ 3.47"5 1% 5054

0.22" (.87 39.73733-1¢ 36.58

-4 +55.55
0.24"9:8 6.412°.5° 592.67

270.51

79.64
5.59
0.88
3.27
18.58
2.95
15.96

I -021 -0.52
II  0.75 0.24

II -074 -0.37
II -1.04 054
IIT -1.31 -0.81
I -0.77 -0.37
II -0.83 -0.45
II -03 0.19
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— R T TabLZeZ —Coztmued.
I T (1872L )(I;(j)isch ) Rin/Rsub  Sta0&turnoff Qexcess

(1) (2) 3@ 6 6 (7 (8) ° (9) 7 10
2dJ032857.0+3116223000710 0.67.89 0.24 077> 29.8"50-9% 58.18 6.79 é 3[43-1 ods a5
€2dJ032903.1+312238 3008178 1.72.33 0.25 bgﬁig 11.51*22'7Efés 17é 68 4.44 2{8-481 Tl e o
¢2dJ032904.1+3056133008900 2.52.13 0.24 %3138 71027272 357 08 2? %5 1 o om
€2dJ032918.7+3123253013781 1.81.93 0.23 :1};%: 29_04;%2}2 1i3 74 1.6 51 11:1&6 I o oo
€2dJ032920.4+311834 3010636 0.85.17 0.25 i)%%v 1.33*5‘2523'4L4L 163.84 156 18 12{1;5 L ove o
¢2dJ032930.4+311903 3006015 0.51.01 0.22 bﬁ;%'g* 34.7;#‘1?*9‘67 16 3 3 4§ Sgég ©oe iy
€2dJ032932.9+3127133010690 0.71.16 0.24 %3132 63.83;2[2)"54 5 66 0.59 2;: ; b e e
¢2dJ032937.7+312202 3008900 2.6 2.48 0.24 i)ﬁ;%? 73.95132:33 3.57 0.83 lgg;’“ § os oxs
€2dJ032954.0+3120533010241 1.23.17 0.22 pgég 64.14158:8; 4.4 73 9. 72 3.85%33 I om0
€2dJ033024.1+311404 3006161 1.30.91 0.25 pgigj 63.3115:‘8*: s 6 é1 0.64 2.&; 7 o v on
€2dJ033110.7+304941 3010687 1.93.45 0.25 p;;és; 59.38123: v 46 35 5.43 SE%& L os om
€2dJ033430.8+311324 3018409 0.22.7 0.23 pgﬁ%ﬁ 26.83;gg 3 7 é7 1.1 4?:? L o o
c201033449.8+3115503016746 0.31.93 0.23 DB3 25.84° 00 4862 4.7 2;? N oo os
€2dJ034001.5+311017 3016746 0.25.0 0.24 pgégg 59.12153:;3 48.62 1.07 1;2;?, 0 e o
€2dJ034201.0+314913 3003178 0.16.19 0.2@@;2;8 58.8138:33 7 3;1 1.03 lgg 0 b oo o
€2dJ034204.3+314712 3013699 0.15.51 0.23 9212;3 19.45131?"22 15 15 3. 18 1.?9): 7 o o on
€2dJ034220.3+3205313017175 0.23.5  0.25 t@z 67.5*725-661’18 20197 2.75 15?#7 N 0w o1
c201034232.1+3152503011391 0.53.92 0.25 001% 7352 %222 18 0.28 1.61?52‘7 Noror os
€2dJ034249.2+315011 3014019 0.34.77 0.23 pﬁ}éﬁﬁ 24.7*53?43 1§ 62 2.9 i;éjg N e
€20dJ034313.7+320045 3009840 1.27.33 0.24 bgégl 51.3?:3;35?’G 52.12 1.37 gg:g o o 008
20J034323.6+321226 3010066 0.42.54 0.29 531@2 6175 35,72 5. 67 071 8;;’3 § m oe
€2dJ034329.4+3152193019301 1.93.34 0.23 bgég“ 1.41*3-452"; b 351 25 15 7 1.7#(5)9%7 Noose oo
€2dJ034345.2+320359 3018441 0.84.83 0.24 @gi 0.2@‘133[") ' 228.28 136 68 2(15723:2 U ek o
¢2dJ034348.8+321552 3003975 0.31.81 0.26 pgig; 32.})‘;‘1;01 8 45 1 35 723‘2 U on os
¢2dJ034355.3+320753 3013176 0.32.46 0.28 b‘gi@ 50.9?:52‘6931 8.72 1.08 55%‘543 L e os
€2dJ034359.1+321421 3015397 1.6 3.03 o.29{3:$§5 21.0712?'3L1 2;13 39 8. 35 35215 § 0w s
€20dJ034401.6+322359 3002465 0.32.42 0.24 1)‘31@; 66.821553gg 3 eé 0.68 : .;629 L e on
€2dJ034402.9+315228 3007428 0.05.23 0.25 pgig; 70.73@53 i 3.53 0.42 'gg;g b e s
c2dJ034418.2+320457 3006383 1.41.87 0.3 pﬁgg 2.04*7‘5'65i06 162 9 1.13 a1 1';234?7 on 1os
€2dJ034425.5+320617 3007450 0.35.49 0.28 bg%;g 51.71*1452{?9 100.38 1 9§ g'ggfg o o Y
c2dJ034426.0+320430 3014489 1.22.79 0.28 *:@gg 4.67*773%2‘21 140é 83 2.24 54 9.*77‘8*32 U e o
c2dJ034427.9+3227193011356 1.52.8 0.23 p;;fgg 19.71115‘[')31 34.0 . 3 89I 1.112:Z W om oo
€2dJ034428.5+315954 3003640 0.21.36 0.25 bgz? 19.2?3&;79;7 15.25 1. 74 2;’1’:‘1 boan om
c201034429.8+320055 3011338 0.43.58 0.20 OULEE 36.8701 2 1085 17 lgg;g W ors oo
€2dJ034432.0+321144 3016117 1.36.25 0.33 *214% 33.871353"7(?84 75§3 6 1.06 15 3.7*2;?%-3 N oe on
¢2dJ034433.8+315830 3006115 0.54.07 0.28 %@»;gg 47.97123323 24 oi 5 25 2;2‘%%4'7 o 0w oo
€2dJ034435.0+321531 3015526 0.32.46 0.26 {)31% 36.6*331%32 9 §1 1.01 2.&;:3 o o s
€2dJ034435.5+320856 3013517 1.6 1.92 0.2g+§:§9 0_3113_16;3 1i9 01 2.46 57 3.7*35%-6 L e
€2dJ034437.0+320645 3002420 0.32.34 0.22741(‘78% 14.612621969 1136 45 35 54 737;2‘741 Ol s o
€2dJ034437.4+320901 3002879 2.52.08 0.26 {)%?313 2.6?251"06(7) 566 i4 13i 15 1.7135”2-4 o o
€2dJ034438.0+320330 3008445 1.53.98 0.3 iﬁ%ég 28.2753616%3 215.36 17 42 5;;18‘61'9 © o1 o
€2dJ034439.8+321804 3003226 0.33.51 0.24 {)‘,’,49471 32.89158: # 22 ée 2 42 8.:/; : o om os
€2dJ034440.2+320933 3019351 1.71.23 0.23 %04‘33 0.47+5-1 o’ 51é a7 4.12 3 1.70{”4 v L oie m
€2dJ034442.6+321002 3005022 1.33.16 0.26 %?,1#3 1.3112'3%3 691.28 133.77 102%98640 U o Lo
c20dJ034443.1+313734 3016867 0.26.22 0.24 %ﬁ;éﬁg 65.6;&321‘04 5.8 . 0.5 ' 5152} i° oo Y
€2dJ034443.8+3210303014727 1.13.24 0.25 %31%3 6.2&311'47‘868 45 58 2.1 73 L 73?5“ U e osn
20J034450.4+315236 3007414 0.23.46 0.25 531@? 7789195 3 63 071 1?;712:2 o om o
€20dJ034456.1+320915 3011184 1.43.73 0.28j,:§4 i 26.49;&3:82 9.45 42 4.6 81 2:2;79-1 L s oms
c20J034517.8+321206 3003343 0.52.31 0.28 DLLE: 53.741%@% 0.66 1.24 13 6o E _2.;71 o
c2dJ034529.7+315920 3012232 0.24.46 0.25 Dp1F 79.08" 152 3.63 0.54 5.5%123 11 —0:82 —g.zz
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Table 2 —Continued.
IDc2d Dmodet X2 Ay D M, Age, L, Laust Rin/Reub,  StA0&tturnoft Qexcess
(mag) (kpe) M)  (10°yn)  (107°L)(107*Lg)
@) @ @ 6 © ™ ® © (10 Ay @2 @3
c2dJ034533.5+314555 3010281 0.15.97 0.25 D1, 79.23" 1227 3.49 0.41 34,77 1 -084 -034
€2dJ034535.6+315954 3018513 0.15.1  0.24 P43 44.58" 2599 13.93 1.08 44.5° 11 -073 022
c2dJ034657.4+324917 3000062 0.12.52 0.24 OUY 64.34"22 75 5.7 1.0 1552 I -114 -047
IR2 band turnoff
€2dJ032851.1+311632 3009474 0.7 1.75 0.24 DO, 54.6755%% 7.84 0.5 1571 I -116 -0.76
€2dJ032852.2+311547 3013176 0.82.88 0.24 D1} 37.5272526 8.72 0.84 2.17° II -104 -082
€2dJ032852.9+311626 3019740 0.7 1.81 0.25 DA% 70.9125°7 '3.79 0.38 1858 I -043 022
€2dJ032909.5+312721 3006161 0.14.07 0.24 D18, 72.047250% 6.61 0.84 109,%? 1I -054 -034
€2dJ032917.8+311948 3014115 0.15.88 0.25 DE 72.46' 25 91 5.91 0.76 287%° 1 -071 -0.38
c2dJ032921.6+3121103018513 1.01.81 0.23"§:35 43.7733-9% 13.03 0.99 34%% I -076 025
2dJ032923.2+312653 3000123 0.62.21 0.24 UK 41.76"33-5% 34.54 0.8 2253 I -026 022
c2dJ032928.9+305842 3008430 1.30.62 0.25 D13} 48.87%5-92 4.97 0.66 191357 11 -026 014
€2dJ032929.8+312103 3005493 0.31.91 0.23 DU 16.817 %557 22.63 2.38 9.2,%° I -045 -0.16
€2dJ032937.6+3102493008677 0.21.69 0.26'§:3" 91.273.°5 15 0.14 83178 I -077 -0.26
c2dJ033120.1+304918 3000664 0.43.05 0.25 OU2 35.59"52 7% 52.32 4.94 4133 1 -021 028
c2dJ033346.9+305350 3014115 0.51.83 0.25 DpLR} 71.56"25 0% 5.91 0.72 287%° 1 -059 -0.01
€2dJ034336.0+315009 3004647 1.30.7  0.22":3> 14.7372%,1919.78 1.32 16.87%%° 11 02 0.66
c2dJ034346.5+321106 3018345 0.23.4  0.33 014, 83.29" %22 2,63 0.19 3.2.,75° 11 015  0.72
€2dJ034347.6+320903 3008677 0.43.21 0.32 D& 83.55" 1497 1.5 0.16 53.%7 I -059 -0.24
c2dJ034415.8+3159373019728 0.22.9  0.28 00177 67.5730 1 4.18 0.49 112179 1 -04  0.04
€2dJ034421.3+321156 3004577 0.52.71 0.26 DU§. 54.12720-2° 14.56 1.23 4519 11 001 014
c2dJ034427.2+3220293019764 0.32.28 0.29 D1H: 64.37733:97 7.72 0.68 38,75 11 -082 -0.27
2dJ034430.8+320956 3020088 1.12.38 0.33 2018 60.88"1°°7 4537.84  18.11 410235 11 002 001
c2dJ034658.5+324659 3002972 0.43.17 0.24 021’ 56.68'37 1% 5.56 0.52 1753 I -116 -0.65
IR3 band turnoff
c2dJ032858.1+311804 3011544 0.32.56 0.25 0% 69.2"23-9°% 19.21 0.2 55.8350° III -1.97 -1.38
c2dJ032908.0+312251 3019657 1.03.08 0.23 03" 0.7738% 62591 21622  52M30% 1 152 186
c2dJ032912.9+3123293011599 1.90.48 0.23 b)Y 0.817 %9  55.98 26.53 721°%° 1 16 2.17
c2dJ032916.8+3123253000622 2.32.16 0.23 078 0.15"2%,%% 33.61 2.46 114%% 11 06 1.04
€2dJ032926.8+312648 3015385 3.51.64 0.22 0By 18.1375';17 75.58 0.75 6156,5,%*11 -1.06 -0.02
€2dJ032929.3+311835 3015686 1.73.48 0.25 D53 30.84" 5 2% 35.7 7.53 21361292 11 116 1.26
c2dJ034233.1+3152153014024 0.24.67 0.24 043, 71.51722:5° 14.75 0.36 210327 11 -0.02 045
€2dJ034234.2+315101 3003543 0.13.79 0.23 DAZ! 79.74720°9° 3.43 0.24 55.752°5 11 027  0.85
€2dJ034250.9+314045 3005351 0.45.92 0.24 Rf. 51.31735 15 13.01 0.22 448255 11 -1.14 047
2dJ034301.9+314436 3016352 2.74.22 0.25 DUE 11.99"1%:1910.12 1.14 288522 1 075 155
c2dJ034308.7+315139 3002609 1.83.71 0.22 0% 2.65"5*°* 11.87 1.18 724599 11 153 211
€2dJ034344.6+320818 3018287 0.8 2.42 0.25 0B 52.0427- 79 72.61 2.56 7992975 11 085 175
c2dJ034410.1+3204053018669 1.51.5 0.32 01§, 0.17 21 76.01 11891 73825 I 15 1.63
€2dJ034415.2+321942 3015752 1.43.47 0.31°§:37 40.65'32%7 8.3 1.98 43292 11 081  1.23
2dJ034418.2+320959 3005606 0.53.73 0.26 0% 34.14753 9% 19.59 1.02 14317 I -054  0.09
c2dJ034422.3+3205433009294 0.72.09 0.217}:0; 10.57"1%26162.02  5.49 415.7% I 046 054
c2dJ034422.6+320154 3004647 0.71.96 0.25 028’ 20.371%1 19.78 1.92 995347 11 087  1.87
€2dJ034425.7+3215493009409 2.0 1.1  0.28 O8] 0.93"%%,%° 33.92 19.34 657557 1 171 221
€2dJ034429.2+320116 3002365 0.47.04 0.28 D33%, 44.01" 2991 16.92 0.4 444%5° 11 0.2 1.04
c2dJ034429.7+321040 3002351 1.51.42 0.29 0B 542774 19815  11.22 274%%% 11 05 0.76
€2dJ034434.1+321636 3014280 0.13.27 0.28 DAY, 63.79723-3° 16.02 0.38 34, 1 009 063
€2dJ034434.8+315655 3007580 1.52.26 0.25 0¥ 42.37722:7° 19.76 0.61 1.39%° I 011 126
c2dJ034437.4+321224 3000393 0.56.22 0.3 0H2742.87570% 189.15  5.21 529325 I 056  0.93
2dJ034438.0+3211373003770 0.80.9  0.25 0245 4.94"5%:1% 40.14 468 460555 11 091 17
c2dJ034439.0+320320 3015863 4.21.27 0.32 OUF 0.05" 2%  64.66 31.03 578%%° 1 215 206
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Table 2 — Continued.

IDc2d Dmodet X2 Ay D M, Age, L, Laust Rin/Reub,  StA0&tturnoft Qexcess
(mag) (kpe) M)  (10°yn)  (107°L)(107*Lg)
@) @ @ 6 © ™ ® © (10) Ay @2 @3
c2dJ034439.2+322009 3003660 1.52.25 0.3 013 5.46",%,7° 18.89 8.56 61.95,0 I 123 171
€2dJ034441.7+321202 3004538 1.44.54 0.26 DB% 29.6752 14 26.64 14.13 94BNt I 027 132
€2dJ034442.6+3206193000760 1.21.1  0.32 0B32 68.52 2032 24.63 5.15 7903370 11 139 2.32
c2dJ034443.0+3215603010384 1.11.9  0.29 0185 1.17" 22 68.55 23.57 3853%° 1 071 07
c2dJ034444.6+3208133006152 1.40.76 0.327{:2° 05252 19018 127.76  32839% 1 124 185
c2dJ034457.9+3204023010073 0.6 1.86 0.28 0K 50.837505° 7.9 0.29 24°%° 1 -135  -1.07
c2dJ034460.0+322233 3018345 0.12.53 0.25 D13} 87.96"107% 2.63 0.2 7927 I -034 0.04
c2dJ034501.4+3205023016376 1.30.7 0.3 128 43.777523%14522 214 6129° 11 -181 -0.92
2dJ034504.7+321501 3001936 0.74.02 0.27 0%, 33.12"5 52 8.6 0.45 106.020%° 11 -0.04 1.44
c2dJ034513.5+3224353018104 0.53.17 0.24 UK 70.84725-5% 10.69 0.26 1974 I -054 -0.07
IR4 band turnoff
c2dJ032854.1+311654 3012867 0.76.86 0.24 088" 24.617 751 98.6 38.52 2475 I -072 038
€2dJ033027.1+3028303009118 1.91.61 0.277§:2% 1.259  339.8 31.42 126475°, 1 276 276
€2dJ034227.1+314433 3007649 0.66.88 0.25"(:85 64.48730 97 47.89 1.45 26742055 11 117 21
c2dJ034254.7+314345 3009555 0.4 1.41 0.23 01! 55.53"53-2% 27.91 0.5 67.952% 11 013 093
c2dJ034306.8+3148213012886 0.42.67 0.23 0247 17.06"3) 2% 24.52 0.77 15797912 11 0.2 1.17
c2dJ034419.1+320931 3010204 1.20.31 0.33 158 66.66"32 79 211.55  0.74 6552 11 -1.84 -1.45
€2dJ034421.6+3215103009308 2.60.7 0.3 B0J4; 33.21722-18 10.0 2.49 17542%5%°11  -0.18 157
2dJ034431.5+320845 3005300 2.0 1.63 0.29 127 26.79"3] 22 186.0 37.17 1942539 11 275 2.89
c2dJ034456.8+315411 3019546 0.52.29 0.25 014, 79.92" 1392 4.16 0.1 4921744 11 -0.01 097
€2dJ034507.6+321028 3018977 0.90.34 0.29 1933 38.55'5259 21543  1.21 33%° 11 -21 151
W3 band turnoff
€2dJ032916.7+3116183015991 0.70.8  0.22 0275 20.12"15 71 23.09 0.04 76.423%° 11 -1.55 0.86
c2dJ033026.0+310218 3018696 0.82.07 0.22"3.07 18.79"%°.97 63.75 0.26 71352 1 -1.79  -058
c2dJ033351.1+311228 3008112 1.12.71 0.22 b2 8.24" 752 26.78 1.09 79551999°11  —0.83  0.75
c2dJ034011.8+3155233010915 1.73.57 0.25 051, 48.64753 1% 24.27 1.29 83575 11 414  8.04

Notes: (1): c2d ID;

(2): ID of the Best-fit model from Robitaille et al. (2006);

(3): Minimum reducedy?;

(4): The most probabl® -band interstellar extinction;

(5): The most probable heliocentric distance;

(6): The most probable stellar mass and the 95% confideneevatt

(7): The most probable stellar age and the 95% confidencevaite

(8): The best-fit stellar bolometric luminosity;

(9): Dust luminosity from integral of the model SED of diskwelope that best fits the observed SED;
(10): The disk inner radius, in units of the dust sublimatiadius, and the 95% confidence interval;
(11): Evolutionary stage;

(12): Spectral indices & > Aturnott for stellar photosphere-included IR SEDs.

(13): Spectral indices & > Aturnott for stellar photosphere-subtracted IR SEDs.

4.2.1 Stellar mass distribution of the central stellar steg

The histogram of stellar masses of YSOs in our sample is shovine left panel of Figure 5.
As pointed out above, our sample is expected to be statlgticabiased atV, = 0.9 M. We
overplot the Salpeter stellar initial mass function (IMREli&ter 1955) which was scaled to have
the same number of stars &f, >0.9 My as our YSO sample. The error bars in the histogram
represent the Poisson noise from number counts. It can lmeteatthe mass distribution of our
YSOs atM, = 1 Mg is consistent with the Salpeter IMF within the uncertaisitiote that an
extended star formation history for the Perseus region tmgtke it not straightforward to compare
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Fig.4 SEDs of 27 Perseus YSOs. Among our whole sample, these YS@sh&ast one optical
band,JH K, IRAC or WISE, MIPS 24um or WISE 22um, and MIPS 70um available black
pointg. The black solid curve in each panel represents the bestsfitel SED of Robitaille et al.
(2007), and the grey curves represent all subsequent wetlefilels withy? — Xf,bcst < 2. The
dashed lines illustrate the SEDs of the stellar photosphete best-fit model, as it would appear to

be without circumstellar dust.
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60 - 60 r r .
—
Statistically unbiased

45

0 s 1 1
0.01 0.1 1

1
M(Ms) Age(Myr)

Fig.5 Histograms of the stellar massésf{) and agesr{ght) for the whole sample of YSOs. The
filled red circles in the left panel represent the Salpetdf vhich is scaled to have the same number
of observed stars more massive than R/9.

[ 1C348
3 NGC1333

2k 4 2 R

Eyoenl
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Fig. 6 Histograms of the stellar massésf{) and agesr{ght) for the two major clusters IC 34&hjck

red) and NGC 1333thin blug. YSOs within a 15radius of each of the two clusters are regarded as
being associated with the cluster. The filled rbti€) circles in the left panel represent the Salpeter
IMF for IC 348 (NGC 1333) that is scaled to have the same nurabebserved stars more massive
than 0.9M,.

the accumulated present-day mass function with the simalpegr IMF. Although our sample

may be subjected to significant incompleteness bias beld¥#. 1 we note that a flat and broad
mass distribution from sub-solar to the sub-stellar masg,las found in our sample, is in general
agreement with previous studies on low-mass clusters ssi¢@ 848 (e.g. Luhman et al. 2003a;
Muench et al. 2003), NGC 1333 (e.g. Wilking et al. 2004; Gsleet al. 2007), Trapezium (e.qg.
Muench et al. 2002) and other nearby clusters (e.g. Andeiseh 2008; Hillenbrand & Carpenter
2000; Luhman et al. 2000; Lucas et al. 2005; Luhman 2007;reeet al. 2006; Moraux et al.
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2003; Slesnick et al. 2004; Scholz et al. 2009; Weights etG19). The mediai/, of our YSOs is
~ (0.3 M. Stellar mass distributions of YSOs within & T&dius of each of the two major clusters
IC 348 and NGC 1333 are shown in the left panel of Figure 6. Thdiam stellar masses of YSOs
in IC 348 and NGC 1333 are 0.3 M.

4.2.2 Age distribution of the central stellar sources

The age histogram for the whole sample is shown in the righebaf Figure 5, and the age his-
tograms for each of the two major clusters (again defined ait¥ radius) are shown in the right
panel of Figure 6. The median stellar age of the whole sanspiil Myr, and the median age for
YSOsin IC 348 and NGC 1333 is 2.8 and 2.5 Myr respectively. A relatively younger age of NGC
1333 than IC 348 is in line with previous studies, and our agjenate is consistent with previous
studies of YSOs in these two clusters (e.g. Herbig 1998; Larhet al. 2003b; Lada et al. 2006;
Winston et al. 2009).

4.2.3 Uncertainties in stellar parameters from SED modglin

Determination of the masses and ages of central stellacesuelies on a reasonably accurate con-
straint on the effective temperatufg;. While it is reasonable to statistically explore the disition

of masses and ages determined from broadband SED modeliatpige sample, results for individ-
ual sources may be subject to large uncertainties. In plieéi.g can be accurately constrained by
photospheric absorption lines from optical or near-IR s@scopy. By comparing our SED-based
and the spectroscopy-baség; for 75 IC 348 YSOs that have spectroscopic observationsen th
literature (e.g. Luhman et al. 2003b; Lada et al. 2006; Molgeet al. 2006; Muench et al. 2007),
we found a median and standard deviatiolVgf sep—7es,spec Of 71 (~ 2%) and 257 K £ 7%)
respectively for the 35 objects withy <4 mag andlcg spec <5000 K, and a median and standard
deviation ofT g sEp—Tefr, spec Of 68 (~ 29%) and 434 K{ 12%) respectively for the 31 objects with
Ay >4 mag andl ¢ spec <5000 K. In addition, the remaining nine objects wWithr spec >5000 K
have a median and standard deviatiofgf sep—7Tes,spec Of —1333 (~ 24%) and 1229 KA 16%)
respectively. According to the theoretical evolutionaracks of Baraffe et al. (1998), for a PMS star
with T.¢ of 3336 K and an age of 3 Myr, which corresponds to a stellasrof6.3M/, an overes-
timation of T, by ~350K (~2—3 subclasses in spectral type) at a given luminosity caultrie an
overestimation of age and mass by factors of 3 and 2 respéctiv

4.2.4 Evolutionary stages of YSOs

Similar to Povich et al. (2013), for every YSO, we calculaté® accumulated probability
(Pstage ™D model i e*Xiz,r/Q) of it being in each of the three Stages (Ffager, Pstagell, PstagelTr)
based on all the well-fit models with? — x2, .., < 2. A YSO is uniquely classified as a Stage
[, I or Il object if the normalizedPs¢age > 0.67. The result of our classification is presented in
Figure 7. There are 5% of YSOs that cannot be classified asr&tiage I, 11 or 11 if the 0.67 prob-
ability threshold is adopted. These 5% of objects were ifladsas evolutionary stages that have
the highest accumulated probability. The classificatiosahe YSOs into the Stage | phase may
be subject to relatively large uncertainties. This is beeaihe wavelength coverage of our SEDs
is mostly limited to< 24 um, shortward of which the contribution of excess emissiamfdisks
dominates over that from the cool infalling envelopes. Moer, we note that some of our Stage |
YSOs with low IR excess luminosities may be genuine StageSO¥ with edge-on optically thick
disks.

As can be seen from Figure 7, our sample is dominated by Stage®s. Moreover, the frac-
tions of YSOs in different stages are similar for IC 348, NG&33 and the other regions. As men-
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T T T T T T
81% 3 Others B ClassI
3 10348 3 Class Flat
150 b [ NGC1333 | 150 [ ClassTT |
[ Class IIT
= 100 1 = 100+ -
50 — 50 -
14%
5%
0 0
Stage Stage I1 Stage I11 Stage I Stage 1T Stage 111

Fig. 7 Classification of evolutionary stages of Fig.8 Breakdown of different evolutionary
our sample based on the fractional envelope ac- stages into different(K;—M1)-based Classes.
cretion rates and disk masses.

tioned in the Introduction section, YSOs have been histdlfigrouped into three or four classes
based on the spectral indexdetermined over the wavelength range fren2 to 20um. YSOs from
different classes are thought to be in different evolutigreages (see above for references). R0O6
showed that there is a general correspondence between thaingpbased “Stages” angtbased
“Classes,” in the sense that Stage | is expected to inclia€ldiss 0/1, Stage Il is analogous to Class
Il and Stage Il to Class Ill. However, as a set of purely emapircriteria, the Class scheme can be
sometimes misleading.

Figure 8 presents the breakdown of each Stage into diff@ksises. As is shown, a vast ma-
jority (94%) of Class Il objects are grouped into the Stageald the majority (85%) of Class |
objects are grouped into the Stage I. It is noteworthy thatdbminant physical Stages for Class
FLAT YSOs are uncertain, with about 43% being in Stage | and thaireng 57% in Stage II.
Likewise, the dominant physical Stages for Class Il YSQsalso uncertain, with about 46% of
them being in Stage Il and the remaining 54% in Stage IlI.

5 PROPERTIES OF THE CIRCUMSTELLAR DISKS

The near- to mid-IR excesses that are emitted above tharspdibtosphere can be used to probe
properties of the disk, such as the disk luminosity (baki@al integral of the IR excesses) and disk
geometry (e.g. Dullemond et al. 2007; Espaillat et al. 2013ghes et al. 2010; Kim et al. 2009;
Merin et al. 2010). In particular, disk flaring (e.g. Keny&nHartmann 1987) and radius of the
inner disk edge are the two primary parameters of disk gegrtiet shape the SED of IR excesses.
As the disk evolves, dust grains in the inner circumsteliskslmay gradually settle down (e.g.
Dullemond & Dominik 2005) or be cleared out dynamically (lowb& D’Angelo 2006) or through
photoevaporation (Alexander et al. 2006a), which leads poogressive suppression of emission
excesses from near- to mid-IR wavelengths. Features oRI®HDs that are closely related to the
disk clearing and flaring include the longest measured veaggth A ..o Shortward of which the
emission is consistent with being purely from the stellastpphere, and the spectral indeX.css
at A > Mumorr (€.9. Cieza et al. 2007; Harvey et al. 2007; Merin et al. 2008

5.1 Qlexcess VS. )\turnoﬁ'

Awurnoft 1S Closely related to the physical scales of the inward digkdation or clearing radius (e.g.
Calvet et al. 2002; Rice et al. 2003), angl...ss is related to both the inward disk clearing and disk
flaring which in turn affect the disk temperature gradiehtarticular, for an optically thick disk,
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Fig. 9 Distribution of cexcess VS. the wavelength bands ..o« longward of which IR excesses are
observed. YSOs in Stages |, Il and Il are shown separatelyateft, middleandright panels. The
median Ofaexcess at each individuah:..wos for different Stages is shown as red triangles. Note that
data points at a given wavelength band are slightly shifteedlomly in the horizontal direction for
clarity. See the text for details.

a larger spectral index corresponds to a shallower temyrergtadient (e.g. Beckwith et al. 1990).
By comparing the observed SED of each YSO with the best-firgem stellar fluxes (which are
corrected for interstellar extinction), we determinedtinaoff wavelength band,,.or, longward
of which> 30 excesses above the stellar photosphere level were obsanddalculated.cyess for
wavelength ranges longward ®f,..o¢- Previous studies of YSO IR spectral indices did not exclude
the contribution of direct stellar photosphere emissiarthls work, we focus Ofvyc.ss determined
for the photosphere-subtracted IR SEDs in order to invatgigroperties of the disk.
In Table 2 we list spectral indices determined for both thetpsphere-included SED&,;10f)
and photosphere-subtracted SEDS,(css) a8t A > Apurnosr- The distributions on thé\ymes VS.
Qexcess diagram for the subsamples from Stage I, 1l and Il YSOs amswshseparately in Figure 9.
The medianeycess at each\umogr iS also indicated as red triangles in Figure 9. The majority
of Stage | YSOs have,..ss =~ 0.0, whereas the majority of Stage Il YSOs havg.ss < 0.0.
Compared to the Stage | and |11 YSOs, the Stage Il YSOs havgarleange Ofrcycess from~ —1
to 3. The mediany.,..ss gradually increases with increasing,,.og for both Stage |1 and 11 YSOs.
No obvious trend in the mediayccss With A\yumog 1S found for the Stage 111 YSOs. In addition,
there is a hint that the standard deviatiomgf..ss increases with increasing,,.og for the Stage
I1' YSOs which have the largest sample size. In particula diandard deviations of;...ss for the
Stage Il YSOs with different turnoff wavelengths.at,..o¢ < IR2 and> IR3 are~ 0.4 and 0.8
respectively. A smaller spread of ..o at shorter\,..nor has been observed before (e.g. Cieza
et al. 2007, Merin et al. 2008). Cieza et al. (2007) found #ficthe known Classical T Tauri stars
(CTTs), which are defined by having relatively strong nebelaission lines and thus are actively
accreting, cluster arount; o ~ —1.0 and \¢ynor S Ks, Whereas the Weak-line T Tauri stars
(WTTs) exhibit a much larger spreaddqu,nor @Nd\¢urnoft-

5.2 Fractional Dust Luminosity Vs. Ajurnoft

The ratio of the circumstellar dust luminosify,s; to stellar luminosityL,, which is also known
as the fractional dust luminosity, was found to be correlatih the disk accretion activity (e.g.
Kenyon & Hartmann 1995; Muzerolle et al. 2003). In particufar mildly flared dusty disks,
Laust/ Ly 2 0.1-0.2 cannot be simply explained by dust reprocessingedis radiation alone
(Kenyon & Hartmann 1995) but indicates that a significant amimf IR excesses may be con-
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tributed by self-radiation of an actively accreting diskjeveas YSOs with 0.00% Lgust/Ly S
0.1 are expected to be mostly evolved objects with weakepatiservable accretion activity (e.qg.
Cieza et al. 2007). Moreover, most gas-poor debris diskst€sys which are dominated by second-
generation dust produced by the collision of planetesijvedse found to havé, /L. well below
0.001 (e.g. Currie & Kenyon 2009; Eiroa et al. 2013; Matthetval. 2014; Su et al. 2006; Trilling
et al. 2008).

We determinedlq.ss @s an integral of the RO6 model SED of the circumstellar dust
(disk+envelope) that best fits the emergent IR excess emisandL, as (R./Re)*(T./Ts)?,
whereR, andT, are the stellar radius and effective temperature, regadgtiThe distribution of
YSOs from different Stages on tHey,st/ L+ VS. Aturnogt diagram is shown in Figure 10. The Stage
I and 11l YSOs are well separated &ty,s; /L. ~ 0.1, whereas the Stage Il YSOs have a range of
Laust/ Ly from ~ 0.01 to 1. Moreover, there is a general trend that the meBlian /L. decreases
with increasingyu o for YSOs at different evolutionary stages, pointing to aside-out disk
clearing process for at least the small dust grains.

5.3 Disk Inner Radius VS.excess

The inner radius of a dusty disk determines the highest tesiye of dust grains orbiting around the
central stellar source (e.g. Backman & Paresce 1993), arsdciiin affectvoycess- Figure 11 shows
the relation between oxcess and Rin / Reu, With different Ay monr, WhereR;, is the inner radius of
the disk, andR,,;, is the dust sublimation radius by assuming a sublimatioptature of 1600 K
(R0O6). The bottom right panel of Figure 11 shows the corredpw distribution for the full sample.
There is a positive correlation betweéh, / Rsu, and dexcess at Rin/Rsub & 10 andaexcess

2 0.0, irrespective 0f.qust/ L, and Aiumor- A similar trend (not shown in the paper) also exists
betweenk;, andoexcess at Rin > 0.5 AU andaexcess < 0.0. We note that a positive correlation was
also found between disk inner radii (or hole radii) and disksses for 35 c2d YSOs by Merin et al.
(2010).

5.4 Disk Flaring vs. cexcess

Compared to a completely flat disk geometry, a flaring geometreases the disk area that inter-
cepts stellar radiation at large radii, and thus enhanaesmil- to far-IR emission (e.g. Kenyon &
Hartmann 1987; Chiang & Goldreich 1997). The disk flaring po@ describes the radial gradient
of the disk scale height, i.e. h(r) o r°, wherer is the cylindrical radius along the disk. The
relationship betweefl andaexccss for our YSOs is shown in Figure 12. While no significant corre-
lation betweens andacxcess Was found for the overall sample, a majority of the disks with.css

< 0.0 follow a trend thatv..ccss iINCreases withs, suggesting that the lack of a correlation between
Rin/ Rsub @Ndaexcess for disks with Ry, / Rsup < 1 can be in part attributed to the disk flaring.

5.5 Discussion

A variety of physical mechanisms have been invoked to emjthag circumstellar disk evolution and
clearing processes (e.g. Henning & Meeus 2011; Williams &z@i2011). The few commonly-
considered mechanisms include viscous disk accretion Klagmann et al. 1998; Lynden-Bell
& Pringle 1974; Shakura & Sunyaev 1973), grain growth andt degtling (e.g. Dullemond &
Dominik 2005; Tanaka et al. 2005), photoevaporative disglde.g. Alexander et al. 2006a,b; Gorti
& Hollenbach 2009; Hollenbach et al. 1994; Shu et al. 1998)&mamical clearing by companion
stars or planets (e.g. Artymowicz & Lubow 1994; Kley & Nels?@12; Lubow & D’Angelo 2006;
Zhu et al. 2012). While all of these proposed processes masatgsimultaneously, it is important
to probe the dominant process(es) at different stages kidisution.



YSOs in the Perseus Cloud 1317

10! g T T T T T
Stage I ° Stage 11 Stage I11
I I, ! .
[
& (] [ o
. AT A 4 A . (A
3 n ‘.’: ] H
\E 10’1 E : A -+ A ] ‘ i 3 -+ -
3 : . : a A @ .
AT T P A A
102k 1 o & § . 1 o A ]
A 4 A
10_3 L J H K. IR1 IR2 IR3 IRAI W3 L J H K. IR1 IR2 IR3 IRAl W3 N J H K, IR1 IR2 IR3 IRAI w3
10° 10! 10° 10t 10° 10t
)‘Lurnoff (Mm) )‘Lurnoﬂ (M7n) )\Lurnoﬁ (M"n)

Fig. 10 Distributions of the fractional dust luminoSit§aust /L« VS. Asurnosr. YSOs at different
evolutionary stages are plotted separately in differemefsa The mediam.qust /L. at different
Aturnoff 1S represented as red triangles.

3 T T T T T T T T T T T T T T =
10 » Laust/L. > 0.1
« 01> Lagse/L. > 0.01
K 0.01 > Laust/ L+«
E 10 + -+ . -
&
H
10tk + + - -
' o
1000 mee Aumot =J | AL .. Mumot =H [ 20" Aot =K. ]
108 B, e R A SE -+
2 L - 4 " <+ . " .
4 10 “ . . LT
& 10t N 1 o 1 ]
i _1.
P .
1000 mtom. o Mwmor =IRIT L Mwmer =IR2] | Awmor =IR3 ]
[0f P R e S maame o t
- .. o " .l
o 10%E . + e + AT 4
El a . L™y - L A
< o
&0 4 . 1. L ]
. * qfae.
100k . . . )m‘;moff TIRA__ . ) . /\m‘;rnoff TWS 1. — ‘all /\tlurnoff1
-2 -1 0 1 2 3 -1 0 1 2 3 -1 0 1 2 3 4
aEXCESS aEXCESS aEXCESS

Fig. 11 Distribution of disk inner radiugi, VS. Qexcess for different A\yurmos. Rin iS NOrmalized by
the dust sublimation radiuBs,1,. YSOs with different ranges dfq.st/L. are plotted with different
symbols, as indicated in the top left panel. The distribufa the full sample is shown in the bottom
right panel, where objects with 40m detections are shown as red open circles.

5.5.1 Fromagycess 10 disk geometry

The near- to mid-IRv.ycess iS primarily affected by clearing of the inner disk and flayiof the outer
disk. In particular, the edge region of the optically thickeér disk, which is determined by either
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dust sublimation or some clearing processes, is diredtlynihated by stellar irradiation and thus
contributes most to the excess emission of hot dust, withrth@iation peak of this inner edge being
shifted from near- to mid-IR as the disk is progressivehaotel inside-out. In addition, as the disk
evolves, dust settling or other clearing processes majytresa gradual reduction of disk flaring,
which would in turn reduce the disk area that interceptdesteddiation and thus suppresss the
reprocessed cooler dust emission. Therefore, a progedgsicreasing disk inner edge is expected
to increasey.,ccss, Whereas a smaller flaring power in the outer disk can res@timalleiyqycoss-

Our results suggest that variation@f,..ss above~ 0.0 primarily reflects the variation of disk
clearing radii, whereas variation af ,...ss below~ 0.0 is largely related to a variation in the disk flar-
ing power. Disk flaring is only important in shaping the neantid-IR SEDs wherR;,, < 10x Ry,

(> 0.5 AU for our sample). The lack of correlation betweeR...s and disk flaring power ak;,, =

10x Ry,1, implies that either the outer disk geometry does not varglganously with the inside-
out disk clearing processes or spectral slopesg24 um are not sensitive to the outer disk flaring.
The small sample size of our disks (especially those with.ss > 0.0) with detection at 7¢um,
which is more sensitive to the outer disk flaring than shost@relengths (e.g. Sicilia-Aguilar et al.
2015), makes it hard to ascertain whether or not the out&rfldisng decreases or increases as the
disk is cleared from the inside out. Recent studies of ttenmsil disks in several nearby star-forming
regions by Howard et al. (2013) and Keane et al. (2014) fohatthe continuum normalized [
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63.18um line luminosities, which trace the cool, outer disks, anemessed by a factor ef 2 on
average with respect to the classical full disks, and thigeession was attributed to reduction of
either the outer disk flaring or gas-to-dust ratio.

5.5.2 Probing Disk Dispersal Processes with Transitionak3

There may be a variety of evolutionary paths from the ogiidhick full disks to optically thin to
debris disks. Distinguishing different disk dispersalqasses is crucial for understanding how the
planetary systems formed from protoplanetary disks. Thighlsi-cleared transitional disks, which
have little or no excess emission in the near-fR§ um) and thus in optically thin inner opacity
holes but have a significant excess at longer wavelengtpsBewn et al. 2007; Calvet et al. 2005;
Strom et al. 1989; Skrutskie et al. 1990), provide a uniqymotoinity to probe different disk clearing
mechanisms because different mechanisms are expecteitoimevery different IR spectral slopes,
disk luminosities, and accretion activities in the shabsitional stages (e.g. Alexander et al. 2014;
Cieza et al. 2010; Najita et al. 2007).

To open an inner opacity hole through photoevaporationdiblke viscous accretion rate has
to fall below the photoevaporation rate (e.g. Alexanderle2@06a; Owen et al. 2010), and once
this happens, the full disks, composed of gas and dust greamsbe quickly dissipated from the
inside out in< 0.1 Myr which is an order of magnitude shorter than the tyldiéetime of a disk.
Besides a low fractional disk luminosity and steep IR sggatiope (e.gexcess < 0.0), another
important consequence from photoevaporative clearingislittle or no accretion is expected once
an inner hole is opened. In contrast, dynamical clearingidgtgplanets may sustain a small but still
considerable amount of disk accretion across the inneritypaale and relatively high outer disk
masses and luminosities, and thus raising mid- to far-IR SEDy. Alexander 2008; Najita et al.
2007). Different from both photoevaporation and dynamitedring, the pure grain growth and dust
settling processes can result in an efficient depletion afllggnains (and thus suppression of near- to
mid-IR emission) from the inside out over time scales muchl@nthan 0.1 Myr (e.g. Dullemond
& Dominik 2005), with little direct influence on accretiontadty.

All of our YSOs haveLg,s;/ Ly > 1073, and 49 (23%) have..x > IR3 and thus can be
classified as transitional disks. Recall that our samplesdisth \.,non > IR3 exhibit a remarkably
higher median and larger scatter@f;.ss than those with\y,0nr < IR3 (Fig. 9). The fraction of
transitional disks in our sample is slightly higher yetlstdmparable to previous studies of nearby
star clusters or star-forming regions (e.g. Currie & Keng®9; Dahm & Carpenter 2009; Fang
et al. 2009; Hernandez et al. 2007b; Kim et al. 2009; Ladd.e2@G06). The distribution of our
sample on thevexcess VS. Laust/ L, plane is shown in Figure 13, where the transitional disks are
plotted as black squareglied for those withT, < 4000 K, and openfor those withT, > 4000
K). Note that previous studies did not subtract the stelfetpsphere emission when calculating the
excess spectral index, which tends to underestimate theifge” cexcoss-

As is shown in Figure 13, the majority of the disks with,,.ox < IR3 are clustered toward
the upper left corner, Wit qusi /L« 2 107! andaexeess < 0.0, whereas the disks With yrmofr >
IR3 seem to follow a sequence from the upper right to the Ideir with none of them having
Laust/ Ly > 1071 andaexcess < 0.0. Most of the objects around the upper left corner are erge
to have accreting full disks, and they are clearly separfabea the population of transitional disks in
Figure 13. A similar separation of transitional disks antldisks was also recently found by Sicilia-
Aguilar et al. (2015) based on the relation between speictdédes and accretion rates. Among the
objects with\i o < IR3, 14 (7%) havereycess < 0.0 andLg,st /L« < 0.003. These 7% of objects
are consistent with being the so-called “anemic” (e.g. Letdsl. 2006) or “homologously depleted”
(e.g. Currie & Sicilia-Aguilar 2011) disks, which have detble excess emission that decreases
steadily at all wavelengths.
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vertical dashed line separates the sample into disksawith.ss > and< 0.0. Most accreting disks
were found to havé.q,st /L« >0.1. Transitional disks in the lower left part may be prirhecieared
by photoevaporation, while those in the upper right part baglynamically cleared by giant planets.

Transitional disks toward the lower left corner of Figurerhdy be more evolved than those
toward the upper right. Among the 49 transitional disks, 84%) haver.yc..ss > 0.0 and 8 (16%)
haveaeycess < 0.0. Observations of UV continuum or recombination emissioedifor all of our
sample will be necessary for obtaining an ongoing disk dicoreate. The accretion activities are
known to be closely connected to the disk’s global propgrtseich as disk luminosities, masses
and dust settling. If we instead ugg,s:/L. to approximately discriminate disks with or without
accretion activity at a dividing value 0.1, 17 (35%) of the 49 transitional disks havg cess > 0.0
and Lqust /L« > 0.1, which may indicate the possibility of dynamical clearing d¢iant planets;
Among the 32 (65%) disks Witlig,st/ L+ < 0.1, 8 haveexcess < 0.0 and 24 havevexcess > 0.0.
The low L4,/ L, probably indicates that these 32 disks are primarily ckthsephotoevaporation.
None of our transitional disks havecess < 0.0 and Lqust /Ly > 0.1, so grain growth and dust
settling alone are probably notimportant hole-openingmacsms (Cieza et al. 2010). Furthermore,
our finding that the median.,..ss Of Stages | and Il YSOs tends to increase Wil o also
suggests that disk clearing is not primarily driven by gigiowth which would otherwise result in
a negative correlation betweeRcss and\yumo (€.9. Dullemond & Dominik 2005).

6 SUMMARY

We have statistically explored the properties of the céstadlar sources, the evolutionary stages,
and the circumstellar disks for a sample of 211 Perseus Y$§0sdueling the optical to mid-IR
broadband SEDs with the R06 YSO evolution models. The meckatral stellar mass and age
for the Perseus YSOs are0.3 M, and~3.1 Myr respectively based on the Siess et al. (2000)
PMS evolutionary models. About 81% of our sample are claskidfis Stage Il objects which are
characterized by having optically thick disks, 14% are classified as Stage | objects which are
characterized by having significant infalling envelopesl the remaining 5% are classified as Stage
[11 objects with optically thin disks. Our primary resultssssummarized as follows.
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(1) The evolutionary Stages as determined from the SED riraglehve a general correspondence
with the traditional classes that are based on spectratesdin particular,- 90% of the Class
I1 YSOs fall into the Stage |l phase which is characterizedptically thick disks, and 75%
of the Class | YSOs fall into the Stage | phase which is charasd by significant infalling
envelopes. Nevertheless, relating the Class |1l andrFYSOs to specific evolutionary stages
is uncertain. In particular, half of the Class Ill YSOs faito Stage Il and the other half fall
into the optically thin Stage |1l phase, and half of the ClesaT YSOs fall into Stage | and the
other half fall into the Stage Il phase.

(2) We determined the turnoff wave band (,...¢) longward of which significant IR excesses with
respect to the stellar photosphere level start to be obdanethe excess spectral indiceg.css
at\ > Ayumosr- The median and standard deviatior@f..«s for the Stage | and Stage 11 YSOs
tend to increase Wit o1, €specially alyumonr > IRAC 5.8um. There is a general trend that
the median fractional dust luminosify.s: /L« decreases with increasing,,mo#, pointing to
an inside-out disk clearing process of small dust grainstalad a positive correlation between
Qexcess and disk inner radiu®;,,, and a lack of correlation between,..ss and disk flaring at
Qexcess = 0.0 and Ry, = 10x Ry, Which indicates that, first, the near- to mid-IR spectral
slopes primarily reflect the progressive disk clearing ftbminside out onc&;,, 2 10x Ryup;
second, the outer disk flaring either does not vary synchusigonith the inner disk clearing
processes or has little appreciable influence on the spekipes at wavelength§24 um.

(3) About 23% (49) of our YSOs are classified as transitiomsts] which have\;ywo¢ > IRAC
5.8 um and Lgust/ L. > 1073, By using theLg,s/ L. to approximately discriminate disks
with or without accretion activity at a dividing value of 0.35% of the transitional disks have
Qexcess > 0.0 and Lgust/Lx > 0.1, implying the possibility of dynamical clearing by giant
planets; 65% havé,.s:/ L. < 0.1, which is consistent with the expectation of photoevapegat
clearing; None of our disks have.ycess < 0.0 Of Layst /L« > 0.1, so grain growth and dust
settling are probably not the driving mechanisms in diskiGtey, in line with the trend that the
medianaeycess INCreases, rather than decreases, With,o -

An indispensable diagnostic for the evolutionary stageé3Ds and their circumstellar disks is
the current accretion rate, which is usually determingteeifrom recombination lines or ultraviolet
continuum excesses. Different disk clearing processeteaairto different disk accretion properties,
the effect of which is especially prominent in transitiostages. Moreover, similar to many previous
studies, our current work is heavily biased against Stab& 8Os with optically thin or anemic
disks. To understand the disk evolution and dispersal gs&Es® a systematic census of Stage Il
YSOs and their disk accretion activity is imperative. Tliere, our future direction will include
1) a systematic spectroscopic followup of our YSOs with tlaege Sky Area Multi-Object Fiber
Spectroscopic Telescope (LAMOST; Cui et al. 2012) to pladagent constraints on the ongoing
accretion activity; 2) wide-field time-series optical pbotetry across the whole Perseus region for
an unbiased census of Stage Il disks with the PMO Xuyi 1.2aln8dt Telescope, in order to
further probe the dominant disk dispersal mechanisms.
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