Spitzer Observations of Isolated Dense Molecular Cloud Cor es

T. L. Huard, T. L. Bourke, P. C. Myers
Harvard-Smithsonian Center for Astrophysics, 60 Garden Steet, Cambridge, MA 02138

thuard@cfa.harvard.edu, tbourke@cfa.harvard.edu, pmye rs@cfa.harvard.edu

T. Y. Brooke
Division of Physics, Mathematics, and Astronomy, MC105-24 California Institute of Technology, Pasadena, CA 91125
tyb@astro.caltech.edu

N. J. Evans
Department of Astronomy, University of Texas at Austin, 1 University Station C-1400, Austin, TX 78712-0259
nje@astro.as.utexas.edu

P. M. Harvey
Department of Astronomy, University of Texas at Austin, 1 University Station C-1400, Austin, TX 78712-0259

pmh@astro.as.utexas.edu

D. Koerner
Department of Physics and Astronomy, Northern Arizona University, Box 6010, Flagsta, AZ 86011-6010

koerner@physics.nau.edu

L. G. Mundy
Astronomy Department, University of Maryland, College Park, MD 20742

lgm@astro.umd.edu

W. Spiesman
Department of Astronomy, University of Texas at Austin, 1 University Station C-1400, Austin, TX 78712-0259

spiesman@gmail.com

C. W. Lee
Korea Astronomy Observatory, 61-1 Hwaam-dong Yusung-gu, dejon 305-348, Korea
cwl@hae.trao.re.kr
and

C. DeVries
Harvard-Smithsonian Center for Astrophysics, 60 Garden Steet, Cambridge, MA 02138

cdevries@cfa.harvard.edu

ABSTRACT

Subject headings:



1. INTRODUCTION

One of the major goals of the Cores-to-Disks (here-
after, c2d; Evans et al. 2003) Spitzer Legacy team is
to study the origins and early evolutionary stages of low-
mass stars from their birthplaces in molecular clouds and
cores through the onset of planet formation in proto-
stellar disks. Of particular interest is to understand the
formation of stars like our own Sun, which is a relatively
isolated, single star around which a system of planets has
formed. Most stars form in binary systems or clusters in
large molecular clouds, and it is believed that isolated
star formation may only occur within small, isolated,
dense cores. However, even in isolated cores, the ten-
dency may be toward forming binaries and multiple sys-
tems. Previous observations of the stellar content have
not been obtained for a large enough sample of cores to
provide an unbiased assessment of the incidence of single,
binary, and multiple star formation in cores.

The Spitzer Space Telescope is ideally suited for such
large, unbiased surveys of protostars and young stellar
objects (YSOs) in molecular clouds and isolated cores.

While studying low-mass stars is important in giving
us insight into the origins of our Sun, investigating the
birth of substellar sources is equally exciting, especiafl
since such faint, low-mass sources can be identi ednly
since the successful launch of Spitzer. Spitzer observa-
tions can place limits on the production rate of brown
dwarfs and may address debate over whether brown
dwarfs primarily form by processes similar to star for-
mation, planet formation, or some other mechanism.

The c2d team has surveyed a large set of isolated cores
with Spitzer in order to address a number of scientic
guestions that can broadly be divided into the (1) stellar
and substellar content, (2) structure, and (3) evolution of
cores. Is there a preference for forming single, binary, or
multiple systems in isolated cores? What are the relative
populations of protostars and YSOs at di erent evolu-
tionary stages? Is there any correlation of source multi-
plicity with the structure of the core? Can the structure
of cores with di erent protostellar and YSO populations
be used to construct an evolutionary sequence for core
structure? What is the population of substellar sources
relative to protostars and YSOs?

We will begin to address some of these questions in
the study presented here, while others will be discussed
in subsequent papers.

2. SAMPLE OF CORES

2.1. STARLESS CORES
2.2. STARRED CORES
2.3. DISTANCES
[Section to be provided by Tyler.]

3. OBSERVATIONS

4. DATA REDUCTION

After processing the IRAC images and MIPS IRAC
images through their reduction pipeline, the Spitzer Sci-
ence Center (SSC) provided basic calibrated data (BCD)
IRAC images of the isolated cores. The particular version
of their pipeline used to process these observations de-
pends on the core, but ranges from version S11.X through
S12.X. The BCD IRAC images are released with mask
les, referred to as \pmask" and \dmask" les, that iden-
tify peculiarities of di erent pixels in the BCD IRAC im-
ages.

We have processed and improved the quality of the
BCD IRAC images, making use of tools developed by
our team and others. The details of this processing are
found in the documentation of our third delivery of data
(Evans et al. 2006). In addition, the processing of IRAC
images data is discussed in Harvey et al. (2006), while
discussion of processing of MIPS data can be found in
XXXX et al. (2006).

Here, we provide only a brief summary of our c2d
pipeline. For each contiguous region observed, the pro-
cessing of IRAC images and MIPS observations of cores
can be categorized into three general steps: (1) improving
the quality and calibration of individual BCD IRAC im-
ages, (2) mosaicking these BCD IRAC images, band by
band, and extracting the sources and photometry from
these mosaics, and nally (3) bandmerging these extrac-
tions and photometry into a single catalog of sources for
that region.

For the rst step, the IRAC images BCD IRAC im-
ages have been treated separately from the MIPS BCD
IRAC images. After constructing a re ned mask, re-
ferred to as a \c2dmask", for each IRAC images BCD
image, our c2d pipeline is automated to improve the qual-
ity of these IRAC images. The e ects of muxbleed, col-
umn pulldown, and banding features | artifacts found
in IRAC images with moderately bright sources | are
reduced. In addition, we correct the 5.8- m IRAC im-
ages for the improper bias-subtraction, termed the \ rst-
frame e ect", present in the rst BCD image of a suite
of IRAC images with a given exposure time. Artifacts
that are not corrected or masked during our processing
include muxbleed striping, originating from very bright
sources, and stray light, which is light scattered onto the
detector from bright sources barely beyond the eld of
view.

Improvements made to the MIPS IRAC images in-
clude corrections for jailbarring features and and rst-
frame e ects. In addition, calibration of the MIPS BCD
IRAC images for each contiguous region was improved by
\self- attening". This procedure reduces the e ects any
residual low-level jailbarring features remaining after ar



initial corrections for jailbarring. It also reduces e ects
of incompletely-corrected illumination patterns, arti c ial
1-2% gradients in the background emission levels, and
occasional dark latent IRAC images. Artifacts from im-
proper \droop" corrections, short-term dark latents, row
and column pulldown, and streaking from bright sources
have not been corrected or masked, in general, during
our processing.

The second step of our processing begins with mo-
saicking the individual IRAC images of improved qual-
ity (or, ICD IRAC images) to construct a single image
at each band. This mosaicking is accomplished using
the Mopex software (Makovoz & Marleau 2005) provided
by the SSC, with the position-re nement and overlap-
correction modules employed to re ne positions and
background emission levels between overlapping IRAC
images. For those cores with observations at two epochs,
the outlier-detection module of Mopex has been used to
prevent at least 95% of the asteroids, present in the indi-
vidual IRAC images, from appearing in the nal mosaics.
For those cores with observations at only one epoch, as-
teroid contamination is not expected to be signi cant.
Extraction of sources was accomplished using c2dphot
(Harvey et al. 2006), making use of the nal mosaics.
Then, the photometry and re nement of source positions
were derived making use of the suite of ICD IRAC images
that had gone into constructing the nal mosaic.

Finally, the last step in our processing is to band-
merge the catalogs for a region. The positions of sources
in the four IRAC images bands were compared to iden-
tify those sources with multiple-band detections. Specif-
ically, sources detected in di erent IRAC images bands,
with consistent positions to within 2°0 are considered
the same source. After constructing a catalog of band-
merged IRAC images sources, consisting of single-band
and multiple-band detections, we merged this catalog
with our catalog of MIPS sources. The IRAC images
source nearest to a MIPS source, provided the positions
agree to within 4°Q, is listed as the same source in our
nal bandmerged catalog.

5. RESULTS
6. EXTINCTION MAPS

The structure of molecular cloud cores may be in-
ferred from maps of their column density. These maps
may be derived using several di erent methods, typically
involving either millimeter observations or optical/near -
infrared observations. Millimeter observations of ther-
mal emission from dust or molecular-line emission from
gas are often used to infer the column densities, but
such observations for many of the isolated cores in this
study have not been obtained with su ciently high an-
gular resolution to construct useful maps. Optical and
near-infrared observations may be used in star-counting

techniques (e.g., Cambresy et al. 1999), but these tech-
nigues work best for mapping of the large-scale structure
of large molecular clouds and molecular cloud complexes.
Finally, near-infrared IRAC imagess of background stars
have been used to construct reliable maps of the column
densities of molecular clouds and molecular cloud cores
(e.g., Lada et al. 1999; XXXXX; XXXXX) with remark-
able angular resolution, perhaps with 20 resolution
(e.g., Huard et al. 2006; Lada et al. 2004).

Near-infrared observations are available from 2MASS
and can be used to construct column density maps for
all cores in this study. Speci cally, we make use of the
Near-Infrared IRAC images Excess, orNICE, method
(e.g., Lada et al. 1999). Di erential extinction as a func-
tion of wavelength cause the observed IRAC imagess of
background stars to be redder than their intrinsic IRAC
imagess. This dierence in IRAC images, known as a
IRAC images excess, foH Ky is explicitly written as

E(H Ks) = ( H Ks)observed (H Ks)intrinsic . (1)

Historically, column densities mapped by this method
have been expressed in terms of their equivalent visual
extinctions, Ay . Given the observed reddening law of
Rieke & Lebofsky (1985), the visual extinction is related
to E(H-K s) by

Ay =15:9E(H Ka): )

The intrinsic H K¢ IRAC imagess of most stars are
within the range, 0{0.3 magnitude (Koorneef 1983), and
the mean intrinsic IRAC imagess of background stellar
populations are found to be typically within a narrower
range of 0.15{0.20 magnitude (e.g., XXXXX; XXXXX;
Lada et al. 2004; Huard et al. 2006). Instead of identify-
ing a separate o -cloud eld for each core in our sample,
from which we could derive the mean intrinsic IRAC im-
ages appropriate for stars background to that core, we as-
sume an intrinsicH K IRAC images of 0.18 magnitude
for all cores in our sample. This assumption may intro-
duce a systematic error in extinction of Ay < 0.5 mag-
nitude, but such an error is not signi cant for our study.

With the intrinsic H Ks IRAC images, the observed
H Ks IRAC imagess of stars (with H and Ks photo-
metric uncertainties less than 0.20 magnitude) were con-
verted to line-of-sight extinctions. Then, in order to pro-
duce a uniformly sampled extinction map, these line-of-
sight extinctions were convolved with a Gaussian beam
with FWHM of 2 ° For some cores, the 2MASS observa-
tions are su cient to provide a somewhat higher angu-
lar resolution, but we have chosen this beam to provide
uniformity within our sample of cores. Figures XX{XX
include extinction contours to provide an impression of
the extent and structure of the cores.



7. EMBEDDED SOURCES

General discussion and table of known embedded sources
in these cores. Include newly discovered embedded
sources that meet criteria of: SED+nebulosity, or
SED+IRAC2 knots. Zoom-in IRAC images of inter-
esting sources. Show SEDs, nebulosity, out ows.

8. CANDIDATES FOR FAINT EMBEDDED
SOURCES

Search for at/rising SED sources above 24 micron ux
of 1.5 mJy and associated with a Av> critical Av (for
example, high enough Av that the likelihood of being em-
bedded is 75 percent). Do the same search with SWIRE
catalog { gives con dence in normalization.

9. DISCUSSION
10. CONCLUSION



Table 1: Starless Cores in c2d Sample

Position of Peak Extinction Peak Ay Distance
Core R.A. (2000.0) Dec. (2000.0) [mag] [pc] Reference Alias
L1355 02 53" 0C° +68 5501390 5.1 140 10
L1355 02 53" 118 +68 570530 45 140 10
IRAM04191+1522 04" 21™ 56 +15 29 500 16.6 140 10
L1521B-2 04 23" 24 +26 39054% 9.7 140 10
L1521F 04 28" 39° +26 50° 35% 8.6 140 10
L1521-2 04 29" 36° +26 58220 9.2 140 10
L1524-4 04 30™ 05° +24 250579 9.8 140 10
B18-2 04 32m 29° +24 49 30° 7.6 140 10
L1507A 04 42™ 3% +29 440 45% 11.0 140 10
BHR22 07" 14™ 03 48 30° 090 2.7 450 50
BHR14 07" 29" 27 41 08 480 1.6 450 50
BHR16 0g' 05™ 218 39 09 15% 5.6 500 100
DC2573-25 08 17 07 39 5304400 6.6 500 100
DC2660-75-1 08 21™ 16° 49 51°006% 6.5 450 50
DC2675-74 08 27 36° 51 11°46% 0.0 450 50
DC2694+30 09" 22™ 18 45 48 430 6.1 500 100
DC2742-04 09 28M 42 51 36°19% 4.4 130 10
BHR47 09" 31™ 00° 48 370400 2.6 500 100
DC2910-35 10 59" 48 63 4304200 5.1 300 50
BHR59 11" 07™ 0C° 62 0504200 6.2 300 50
DC3002-35 19 24m 128 66 110110 4.0 150 30
BHR76 12" 28™ 318 65 53°35% 5.3 150 30
DC3023-177 19 35M 40° 80 29 01% 5.9 150 30
DC3026-159 1D 44™ 43 78 47° 40 3.4 150 30
DC302.1+7.4 12 45M 248 55 235700 2.6 300 50
DC3272+18 18" 42M 19° 52 47°48% 7.5 250 50
L134A 15" 53" 318 04 37°00% 11.1 110 10
DC3460+78 18' 54M 118 04 4340 0.0 150 20
DC3391+117-2 1% 59" 03 37 36°16% 55 150 20
DC3369+83 16' 02" 28° 41 40°16%° 5.4 150 20
DC3386+95 16 04™ 248 39 37°35% 4.4 200 20
L43 16" 34m 24 15 4605590 10.9 125 25
DC3464+79 16" 37™ 318 35 13°50% 7.4 150 20
DC3463+78 16" 37 418 35 281200 3.7 150 20
L204C-2 16 47 38 12 2102890 12.6 125 25
L234E 16" 48™ 06° 10 52005 7.3 125 25
L234E 16" 48™ 10° 11 02005 6.1 125 25
L63 16" 50" 128 18 0401390 12.4 125 25
L1772 17 19" 34 26 43 39% 5.9 125 25
B72 17" 23" 348 23 40027 5.0 125 25
L462-1 18 o7 35 04 40017 9.3 200
L492 18" 15™ 48 03 44029 8.1 200
CB130-3 18 16™ 09° 02 21°43% 4.6 200
CB130-3 18 16™ 10° 02 33 03% 5.6 200




Table 2: Starless Cores in c2d Sample [continued]

Position of Peak Extinction Peak Ay Distance
Core R.A. (2000.0) Dec. (2000.0) [mag] [pc] Reference Alias
L438 18 16™ 49° 02 34043 0.0 200
L328 18 16™ 58 18 020130 12.1 200 20
L429-C 18 17™ 07 08 14°35% 13.0 200
L673-7 19 21m 418 +11 21907 8.3 300
L675 19' 23" 52 +11 07° 390 35 300
L694-2 19 41m 0% +10 56°11% 5.9 250
L1148 20" 40™ 34° +67 21027 6.7 325 25
L1155C-2 20 43" 05° +67 50° 20 8.4 325 25
L1155E 20" 44™ 315 +67 420 46% 6.2 325 25
L1021 21 21™ 40° +50 58 56% 4.0 200
L1014 21 23" 59° +49 59 26% 4.2 200
L1197 22 37™ 07 +58 57031% 45 300 50
L1197 22 37 27 +58 53°31% 45 300 50




Table 3: Starred Cores in c2d Sample

Position of Peak Extinction Peak Ay Distance
Core R.A. (2000.0) Dec. (2000.0) [mag] [pc] Reference Alias
B35A 05" 44 35 +09 0% 54% 12.0 400 40
CG31C 08 08™ 318 35 59°30% 35 450 50
DC253.1-1.7 08 08™ 50° 35 54050% 5.1
CG31A 08" 08™ 59° 35 59%°30% 5.0 450 50
CG30 08 09™ 318 36 03°50% 3.9 450 50
DC275.9+1.9 09" 46™ 3% 51 03°51% 3.6 300 50
DC303.8-14.2 18 07 16 77 0P 2200 5.6 178 18
L260 16 47 10° 09 35°13% 12.3 125 25
L158 16 47™ 16° 13 58216 12.2 125 25
L158 16 47™ 27 13 58256 12.5 125 25
B59 17 11m 22 27 2504790 16.1 125 25
L100 17 16™ 00° 20 56°40% 11.2 125 25
L723 19' 17 50° +19 13°36 5.0 300
CB188 19' 20™ 14 +11 36°27%0 7.8 300
L673 19' 20™ 23 +11 18°32%0 14.9 300
L1228 20 56™ 58 +77 340 490 13.1 300
Bern48 20" 58" 47 +78 220550 8.0 300
L1165 22 06™ 46° +59 050430 8.3 300
L1165 22 07™ 06° +59 09230 8.8 300
L1165 22 O7™ 128 +59 020230 6.8 300
L1221 22 28" 02 +69 010330 9.1 200
L1251C 22 35 23 +75 16°35% 14.3 300 50
L1251E 22 39" 02 +75 120090 12.7 300 50
TMC1-1 00" 00™ 0C° +00 0P 00 0.0 140 10
TMC1-1 00" 00™ 0C° +00 0P 00 0.0 140 10
TMC1-1 00" 00™ 0C° +00 0P 00 0.0 140 10
BHR78 00" 00" 0C° +00 0P 00 0.0 150 30
DC3007-10 0o oo™ 0C° +00 0P 00 0.0 150 30
Mu8 00" o0™ 00 +00 0P 00 0.0 150 30
TMC1-1C-2 00" o0™ 0C° +00 0P 00 0.0 140 10
L483 00" 00™ 0C° +00 0P 00 0.0 200
CB68 00" 00™ 0C° +00 0P 00 0.0 125 25




Table 4: Previously Known Embedded Sources in Starred Corepiot complete yet]

EYSO Flux [mJy]

Core (IRAS PSC No.) 12 m 25 m 60 m 100 m

B35A 05417+0907 281(B) 2916(A) 25600(A) 74740(A)
CB68 16544-1604 250(U) 1480(A) 19460(A) 33650(A)
CB188 19179+1129 266(U) 1056(A) 3934(A) 18480(B)
CG30 08076-3556 630(A) 3727(A) 18250(A) 47540(B)
DC275.9+1.9 09449-5052 250(U) 265(U) 8158(A) 22300(A)
DC302.1+7.4 12427-5508 250(U) 250(U) 2232(A) 12170(A)
DC303.8-14.2 13036-7644 250(U) 1049(A) 6380(A) 22570(A)
DC2573-25 08152-3945 414(A) 1233(A) 1477(A)  17700(V)
L100 17130-2053 384(U) 1223(U) 4119(A) 14530(B)
L483 18148-0440 250(U) 6913(A) 89050(A) 165500(A)
L673 19180+1116 1086(A) 2223(A) 3513(U) 87210(V)
L723 19156+1906 250(U)  376(A) 6925(A) 20720(A)
L1152 20353+6742 250(U)  342(A)  4091(A) 7137(A)

L1165 22051+5848 250(U) 5217(A) 51590(A) 94000(A)
L1221 22266+6845 978(A) 3545(A) 12370(A) 25930(A)
L1251E 22376+7455 798(A) 5554(A) 32340(A) 66840(B)
B59 17079-2719 1781 6974 13810 124900
B59 17081-2721 3530 7921 48050 124900
B59 17082-2724 1286 2338 425.3 124900




Table 5: Archive of Spitzer Observations

IRAC MIPS 1- Noise Estimates [ Jy]

Core AOR IDs AOR IDs 36 m 45 m 58 m 80 m 24 m
L1355 5073152 9437952 0.8 0.8 3 6 20
IRAM04191+1522 5073920, 5074432 9411328, 9416960 1 1 5 6 20
L1521B-2 5074688, 5075200 9422848, 9426432 0.7 0.8 3 3 10
L1521F 5075712, 5076224 9419776, 9431040 0.8 0.8 4 4 20
L1521-2 5076736, 5077248 9409536, 9413888 0.9 1 4 4 10
L1524-4 5077760, 5078272 9410816, 9425920 0.8 0.8 3 4 20
B18-2 5079808, 5080320 9414144, 9434880 0.7 0.8 3 3 10
L1507A 5086464, 5086976 9416448, 9430528 0.8 0.9 5 6 10
B35A 5091840, 5092352 9408256, 9433600 2 2 8 10 100
BHR22 5093632 9411840 1 0.8 4 10 40
BHR14 5095168 9414912 1 1 4 7 30
BHR16 5096704 9414656 1 1 4 9 30
CG30-31 5097216 9426688 2 2 9 20 40
DC2573-25 5098240 9436672 1 1 4 8 20
DC2660-75-1 5099264 9442048 0.9 0.8 4 5 70
DC2675-74 5100800 9411584 1 1 6 10 30
DC2694+30 5103360 9431296 1 1 5 9 20
DC2742-04 5103872 9412864 2 2 5 7 20
BHR47 5104384 9441024 2 2 5 5 20
DC275.9+1.9 5105152 9434368 2 2 5 5 10
DC2910-35 5105408 9436416 3 2 9 8 20
BHR59 5106432 9438464 7 5 30 60 100
DC3002-35 5107456 9416192 3 2 4 4 20
BHR76 5107968 9432064 3 2 5 6 20
DC3023-177 5109504 9430272 0.7 0.7 3 3 10
DC3026-159 5110528 9441280 0.9 0.7 4 2 10
DC302.1+7.4 5111296 9415936 2 2 5 4 10
DC303.8-14.2 5111808 9417472 1 0.9 4 3 10
DC3272+18 5112064, 5112576 9423104, 9438208 8 6 10 27 70
L134A 5114112, 5114624 9422336, 9439744 0.6 0.7 3 5 20
DC3460+78 5122304, 5122816 9421056, 9433088 2 1 5 10 30
DC3391+117-2 5115136, 5115648 9408000, 9413120 1 1 5 6 20
DC3369+83 5116160, 5116672 9418752, 9432576 2 2 6 11 20
DC3386+95 5117184, 5117696 9409024, 9413632 2 2 6 8 20
L43 5121280, 5121792 9409792, 9433344 1 1 8 5 30
DC3464+79 5123328, 5123840 9410048, 9428224 2 2 4 6 20
DC3463+78 5124352, 5124864 9419520, 9432320 3 2 5 8 20
L260 5125632, 5126144 9429760, 9430016 1 1 8 5 20
L158 5126400, 5126912 9415680, 9427456 1 0.9 5 8 40
L204C-2 5127424,5127936 9408512, 9422080 0.8 0.8 6 6 20
L234E 5128448, 5128960 9411072, 9431808 0.8 0.8 7 10 30
L63 5129472, 5129984 9417728, 9440256 1 1 4 10 30
B59 5131776, 5132288 9438720, 9409280 4 4 10 20 30
L100 5132800, 5133312 9423872, 9429504 3 2 10 4 20
L1772 5133568, 5134080 9418240, 9430784 8 5 10 8 30
B72 5137664, 5138176 9419264, 9440512 6 4 8 10 30
L462-1 5140736, 5141248 9410560, 9420800 2 1 6 6 20
L492 5144832, 5145344 9419008, 9420032 3 2 6 8 20
CB130-3 5145856, 5146368 9412608, 9421824 2 1 7 7 20
L438 5142784, 5143296 9416704, 9437440 3 2 5 6 20




Table 6: Archive of Spitzer Observations [continued]

IRAC MIPS 1- Noise Estimates [ Jy]
Core AOR IDs AOR IDs 36 m 45 m 58 m 80 m 24 m
L328 5147136, 5147392 9420544, 9436160 30 20 40 100 300
L429-C 5147904, 5148416 9437184, 9441536 5 3 10 10 30
L723 5149952 9420288 4 3 8 20 20
CB188 5150720, 5151232 9427968, 9436928 8 6 10 20 100
L673 5151744, 5152256 9414400, 9424640 7 5 30 40 60
L673-7 5152512, 5153024 9427200, 9435904 6 5 10 30 40
L675 5153536, 5154048 9424128, 9437696 5 4 6 9 50
L694-2 5155072, 5155584 9423616, 9426944 2 1 6 4 10
L1148 5158144 9440768 0.7 0.7 4 3 10
L1155C-2 5158656 9408768 0.6 0.7 6 3 10
L1155E 5159168 9441792 0.6 0.7 6 3 10
L1228 5161216 5161472 1.3 1 30 4 10
Bern48 5161984 9440000 2 2 6 5 30
L1021 5163264 9429248 2 2 6 8 30
L1014 5163776 5164032 2 1 6 10 30
L1165 5165056 9435648 2 2 7 30 40
L1221 5165312 9428736 0.8 0.8 3 10 20
L1251C 5166592 9424896 1 1 6 5 20
L1197 5166848 9426176 1 1 8 9 30
L1251E 5167360 9424384 0.8 1 4 4 10
TMC1-1 5085440, 5085952 9417984, 9435136 0.7 0.7 7 20
BHR78 5110016 9431552 9 6 20 70 160
DC3007-10 5108992 9422592 8 6 10 40 60
Mu8 5108480 9417216 1 1 6 6 10
L483 5149184, 5149696 9418496, 9421568 3 2 7 10 20
CB68 5130752, 5131264 9425408, 9439232 1 1 4 6 30
DC297.7-2.8 5107200 9434112 4 3 20 20 30
L1152 5156352 9438976 1 1 7 3 10
L1251A 5165824 9425664 0.7 0.8 6 5 10
TMC1-1C 5084416, 5084928 9413376, 9415424 1 0.9 12 8 20

2These two-epoch, IRAC AORs were mosaicked with the two-epoc
bThese two-epoch, MIPS AORs were mosaicked with the two-epoc
¢These two-epoch, IRAC AORs were mosaicked with the two-epoc
dThese two-epoch, MIPS AORs were mosaicked with the two-epoc

h, AORs 6634752 and 6635008.
h, AORs 9428992 and 9434624.
h, AORs 5082880 and 5083392.
h, AORs 9415168 and 9425152

10



Table 7: Spitzer Fluxes of Previously Known Embedded Sourcgin Starred Cores [not complete yet]

EYSO Position of Peak Extinction Flux [mJy]
Core (IRAS PSC No.) R.A. (2000.0) Dec. (2000.0) 36m 45 m 58 m 80 m 24 m
B35A 05417+0907 08 44™ 30.00 +09 08°57° 46.0 0.9 101 2 1552 187 2 485 7
CG30 08076-3556 0809" 33.% 36 04°58%
DC275.9+1.9 09449-5052 0946™ 45.0° 51 06°01%
B59 17079-2719 1711™ 03.9° 27 22055%°
B59 17081-2721 1711™ 17.3 27 25°08%
B59 17082-2724 1711m 21.5 27 270420
CB188 19179+1129 19 20" 14.9¢  +11 35°40%
CB68 16544-1604 1857 19.6 16 09 24

11
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Fig. 1.| IRAC images toward starless cores. Each image is a cdor-composite of the 3.6, 4.5, and 8.0-m observations
toward a starless core, with only the region observed by all RAC bands shown. The color scales are displayed using a
logarithmic stretch based on the pixel-to-pixel dispersio, , in the background emission, with ranges [+0.5,+50] for
the 3.6 and 4.5- m images and [ 0.7,+10] for the 8.0- m image. These ranges were found to be appropriate for the
cores, as a group, to highlight nebulosity (typically appeaing blue-green) from embedded sources, emission from outws
(typically appearing green), PAH emission (appearing red) and absorption of the 8- m background emission (appearing
as a red gradient) by the densest regions of the cores. Whileazkground stars in near-infrared color-composite images
appear redder along lines of sight with greater column densies, background stars in these IRAC color-composite image
instead appear greener. This e ect is due to the nearly at exinction law in dense cores from 4.5 m to 8.0 (Huard
et al. 2006). Extinction contours represent 2 beam-averaged extinction derived from 2MASS observationgseex6). The
spatial scales are given by the 0.1-pc bars along the bottoneft edges of the images.
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Fig. 2.] IRAC images toward starless cores. Format is the same as in Figure 1.
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Fig. 3.| IRAC images toward starless cores. Each image is a cdor-composite of the 3.6, 4.5, and 8.0-m observations
toward a starless core, with only the region observed by all RAC bands shown. The color scales are displayed using a
linear stretch based on the pixel-to-pixel dispersion, , in the background emission, with ranges [ 2,+10] for the 3.6
and 4.5- m images and [ 2,+3] for the 8.0- m image. These ranges were found to be appropriate for the ces, as a
group, to highlight nebulosity (typically appearing blue- green) from embedded sources, emission from out ows (typally
appearing green), PAH emission (appearing red), and absotjon of the 8- m background emission (appearing as a red
gradient) by the densest regions of the cores. While backgund stars in near-infrared color-composite images appear
redder along lines of sight with greater column densities, bckground stars in these IRAC color-composite images instd
appear greener. This e ect is due to the nearly at extinction law in dense cores from 4.5 mto 8.0 (Huard et al. 2006).
Extinction contours represent 2° beam-averaged extinction derived from 2MASS observationgseex6). The spatial scales
are given by the 0.1-pc bars along the bottom left edges of thémages.
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Fig. 4.] IRAC images toward starless cores. Format is the same as in Figure 1.
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