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NORTHERN ARIZONA UNIVERSITY

One of the original six Spitzer legacy surveys
IR imaging (3.6 — 160 microns) of 5 large, nearby molecular clouds, ~100 isolated dense

cores, >150 wTTS

IR spectroscopy (5 — 40 um) of selected targets (some selected after imaging)
Complementary data at optical and (sub)mm wavelengths
Follow evolution from starless cores to planet-forming disks:
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From Molecular Cores to Planet-forming Disks: An SIRTF Legacy Program
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ABSTRACT. Crucial steps in the formation of stars and planets can be studied only at mid- to far-infrared
wavelengths, where the Space Infrared Telescope (SIRTF) provides an unprecedented improvement in sensitivity.
We will use all three SIRTF instruments (Infrared Array Camera [IRAC], Multiband Imaging Photometer for
SIRTF [MIPS], and Infrared Spectrograph [IRS]) to observe sources that span the evolutionary sequence from
molecular cores to protoplanetary disks, encompassing a wide range of cloud masses, stellar masses, and star-
forming environments. In addition to targeting about 150 known compact cores, we will survey with IRAC and
MIPS (3.6-70 pm) the entire areas of five of the nearest large molecular clouds for new candidate protostars
and substellar objects as faint as 0.001 solar luminosities. We will also observe with IRAC and MIPS about 190
systems likely to be in the early stages of planetary system formation (ages up to about 10 Myr), probing the
evolution of the circumstellar dust, the raw material for planetary cores. Candidate planet-forming disks as small
as 0.1 lunar masses will be detectable. Spectroscopy with IRS of new objects found in the surveys and of a
select group of known objects will add vital information on the changing chemical and physical conditions in
the disks and envelopes. The resulting data products will include catalogs of thousands of previously unknown
sources, multiwavelength maps of about 20 deg® of molecular clouds, photometry of about 190 known young
stars, spectra of at least 170 sources, ancillary data from ground-based telescopes, and new tools for analysis
and modeling. These products will constitute the foundations for many follow-up studies with ground-based
telescopes, as well as with SIRTF itself and other space missions such as SIM, JWST, Herschel, and TPF/Darwin.
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NORTHERN ARIZONA UNIVERSITY

One of the original six Spitzer legacy surveys
IR imaging (3.6 — 160 microns) of 5 large, nearby molecular clouds, ~100 isolated dense

cores, >150 wTTS

IR spectroscopy (5 — 40 um) of selected targets (some selected after imaging)
Complementary data at optical and (sub)mm wavelengths

Follow evolution from starless cores to planet-forming disks:
Are starless cores truly starless?
How quickly do young stars move through the evolutionary sequence?
At what rates are nearby regions forming new stars?
Where do young stars form (spatial and environment)?
How do disk properties (and presence) evolve with time?

How does the chemical composition of dust and ices in young (proto)stellar systems evolve?
(see talk by Ewine van Dishoeck: “Dust, ice, and gas: from c2d and DIGIT to ALMA”
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Are Starless Cores Truly Starless?

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERES, 154:396-401, 2004 September
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A “STARLESS” CORE THAT ISN’T: DETECTION OF A SOURCE IN THE L1014 DENSE CORE
WITH THE SPITZER SPACE TELESCOPE
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ABSTRACT

We present observations of L1014, a dense core in the Cygnus region previously thought to be starless, but
data from the Spitzer Space Telescope show the presence of an embedded source. We propose a model for this
source that includes a cold core, heated by the interstellar radiation field, and a low-luminosity internal source.
The low luminosity of the internal source suggests a substellar object. If L1014 is representative, other “starless”
cores may turn out to harbor central sources.
Subject headings: infrared: stars — ISM: individual (L1014) — stars: formation

stars: low-mass, brown dwarfs
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IDENTIFYING THE LOW-LUMINOSITY POPULATION OF EMBEDDED PROTOSTARS
IN THE ¢2d OBSERVATIONS OF CLOUDS AND CORES

MicHAEL M. Dunsam, AntoNio Crapst,>> NEaL J. Evans II,' Tyier L. Bourke,* Tracy L. Huarp,*
PuiLip C. Myers,* Anp Jens Kaurrvann®®
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ABSTRACT

We present the results of a search for all embedded protostars with internal luminosities <1.0 L, in the full sample
o1l - s of nearby, low-mass star-forming regions surveyed by the Spitzer Space Telescope Legacy Project “From Molecular
o ] Cores to Planet Forming Disks”” (c2d). The internal luminosity of a source, Ly, is the luminosity of the central source

" 1 " 1 " x g ‘ 1 and excludes luminosity arising from cxlcmal heating. On average, the Spitzer c2d data are sensitive to embedded

04'21758"  04217ST' 04'21™SE' 04P217SS" protostars with Line > 4 x 1073(d/140 pc) L, afactor of 25 better than the sensitivity of the Infrared Astronomical

RA (12000.0) * . Satellite (IRAS ) to such objects. We present a set of selection criteria used to identify candidates from the Spitzer data

and examine complementary data to decide whether each candidate is truly an embedded protostar. We find a tight

correlation between the 70 m flux and internal luminosity ofa protostar, an empirical result based on both observations

and detailed two-dimensional radiative transfer models of protostars. We identify 50 embedded protostars with Liy <

1.0 L.; 15 have Ly, < 0.1 L. The intrinsic distribution ofioumc lummosmcs increases to lower lummosmcs While
we ﬁnd sources down to the abovc sensitivity limit indi

Dec. (J2000)

0.01 pc ' :
I ; Between 75% and 85% Of cores ClaSSlﬁed as starless prior to being observed by Spitzer remain starless to our lu-
mmosuy sensmvny, the remaining 15%-25% harbor low-luminosity, embedded protoslars We complle complele

o' 28n 42 40° 3 §
R.A. (J2000) E v and argue that thcsc objectsare
the core onto the protostar at a constant rate.

Subject headings: stars: formation — stars: low-mass, brown dwarfs

1 1
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Online material: machine-readable table




Are Starless Cores Truly Starless?

Dec offset (arcseconds)

Offset (")

-60 -30 0 30 60 -60 -30 0 30 60
Offset (") Offset (")

Center: 03 29 25.7 +31 28 16.3 RA offset (arcseconds)

Enoch et al. (2010), Dunham et al. (2011)

Chen et al. (2010), Pineda et al. (2011), Schnee et al. (2012),
Chen et al. (2012), Pezzuto et al. (2012), Murillo & Lai (2013), Huang & Hirano (2013)




How Quickly do Young Stars Move Through the

Evolutionary Sequence?

doi:10.1088/0067-0049/181/2/321

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 181:321-350, 2009 April
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PROPERTIES OF THE YOUNGEST PROTOSTARS IN PERSEUS, SERPENS, AND OPHIUCHUS
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Where do Young Stars Form?

THE ASTROPHYSICAL JOURNAL SUPPLEMENT SERIES, 181:321-350, 2009 April doi:10.1088/0067-0049/181/2/321
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THE SPITZER c2d LEGACY RESULTS: STAR-FORMATION RATES AND EFFICIENCIES; EVOLUTION AND
LIFETIMES

NEAL J. Evans IT', MicHAEL M. DuNHAM!, JEs K. JGRGENSENZ, MELIssA L. ENocu® 4, BRUNO MERIN' 6, EWINE F. VAN
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AND ANNEILA I. SARGENT?

Table 7
Sources by Class and Environment

Environment Class I Class I1 Class ITI Total I+F/T+I11

Distributed 11 . 32 93 0.24
Loose Group 28 70 0.89
Tight Group 34 - 131 0.82
Loose Cluster 127 929 0.35
Tight Cluster 90 554 0.44
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Where do Young Stars Form?

doi:10.1088/0004-637X/723/2/1019

THE ASTROPHYSICAL JOURNAL, 723:1019-1037, 2010 November 10
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THE STAR FORMATION RATE AND GAS SURFACE DENSITY RELATION IN THE MILKY WAY:
IMPLICATIONS FOR EXTRAGALACTIC STUDIES

COMPARING STAR FORMATION ON LARGE SCALES IN THE c2d LEGACY CLOUDS: BOLOCAM
1.1 mm DUST CONTINUUM SURVEYS OF SERPENS, PERSEUS, AND OPHIUCHUS
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How Do Disks Evolve?
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How Do Disks Evolve?

THE ASTROPHYSICAL JOURNAL, 675: L109-L112, 2008 March 10
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LkHea 330: EVIDENCE FOR DUST CLEARING THROUGH RESOLVED SUBMILLIMETER IMAGING
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The Legacy of c2d




Science Legacy

>75 papers

Star formation rates (and comparison to ex-gal relations), stellar mass assembly process, chemical
inventory of star-forming regions, brown dwarf formation, dust properties and evolution, ...

Query Results from the ADS Database

Selected and retrieved 82 abstracts. Total citations: 3251

# Bibcode Cites List of Links
Authors Title Access Control Help
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Science Legacy

A true Legacy dataset

Many ancillary datasets with lasting significance




Science Legacy

A true Legacy dataset

Many ancillary datasets with lasting significance
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People Legacy
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Many key steps in data processing and science analysis led by students
Excellent example of how to maximize productivity from a large team

Long-lasting personal and professional connections










