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Spitzer Space Telescope — Archive Research Proposal #20309

PAH Emission Features in the 15 to 20 Micron Region: Emitting to the Beat of a
Different Drummer

Principal Investigator: Louis Allamandola
Institution: NASA Ames Research Center

Technical Contact: Louis Allamandola, NASA Ames Research Center

Co-Investigators:

Andrew Mattioda, SETI Institute and NASA Ames

Els Peeters, NASA Ames Research Center

Douglas Hudgins, NASA Ames Research Center

Xander Tielens, Kapteyn Institute, The Netherlands
Charlie Bauschlicher, Jr., NASA Ames Research Center

Science Category: ISM
Dollars Approved: 72000.0

Abstract:

Spitzer has added a new complex of bands near 17 um to the PAH emission band
family. This 17 um band complex, the second most intense of the PAH features,
carries unique information about the emitting species. Because these bands arise
from drumhead vibrations of the hexagonal carbon skeleton, they carry
information directly related to PAH shape, size, and charge. Further, since much
of the emission at these wavelengths originates from PAHs at the small end of
the very small grain (vsg) population, this provides the first glimpse into
details of the vsg population on a molecular level. Since the information
contained in this band is fundamentally different from that of the mid-IR
features and it probes the vsg population, the 17 um band complex is an
important new tool with which to probe conditions within the Galaxy and in
extragalactic star forming regions and simultaneously gives insight into the
cosmic history of the important biogenic element, carbon. However, since little
is known about PAH spectroscopic properties at wavelengths longer than about 15
um, it is impossible to utilize the 17 um band complex as a new astronomical
investigative tool. We propose a laboratory study to remedy this situation. We
will measure the 15 to 20 um spectra of PAHs which vary in size, shape, and
ionization state. Spanning the range from C30H14 to C132H34, the PAH sample
varies from moderately sized PAHs to the largest PAHs available anywhere. We
will combine these experimental studies with quantum computations to test and
perfect the computational approach for this new wavelength and fundamental
vibration regime. The laboratory work will provide data with which one can
analyze the new 17 um emission band complex and will ultimately be used to
develop computational techniques to model the longer wavelength spectra of much
larger PAHs. We will make these spectra available on the web and develop
protocols for analyzing the Spitzer spectra and publish this procedure so it is
accessible to the community.

Spitzer Space Telescope — Archive Research Proposal #30144

Diamonds are a PAHs Best Friend

Principal Investigator: Louis Allamandola
Institution: NASA Ames Research Center

Technical Contact: Louis Allamandola, NASA Ames Research Center

Co-Investigators:

Andrew Mattioda, SETI

Els Peeters, SETI

Douglas Hudgins, NASA Ames Research Center
Alexander Tielens, NASA Ames Research Center

Charles Bauschlicher, Jr., NASA Ames Research Center

Science Category: ISM
Dollars Approved: 56727.0

Abstract:

The mid-IR spectroscopic capabilities and unprecedented sensitivity of the
Spitzer Space Telescope has shown that the ubiquitious infrared (IR) emission
features can be used as probes of many galactic and extragalactic objects.

These features, formerly called the Unidentified Infrared (UIR) Bands, are now
generally attributed to the vibrational emission from polycyclic aromatic
hydrocarbons, PAHs, and related species. However there is some difficulty in
reproducing all the features of the interstellar emission spectrum solely with
PAH spectra. Because these differences have persisted as our knowledge of PAH
spectroscopy has increased these differences point to at least one other type of
contributor to the interstellar emission spectrum. The association of these
features with objects abundant in cosmic carbon points to an additional
carbonaceous material contributing to the features. Among the possibilities
diamonds are particularly attractive. However, until very recently, this could
not be tested because well-characterized microdiamonds were not available for
study. These are now available for purchase from ChevronTexaco. We propose to
use the matrix isolation technique to measure the 0.7 to 20 um spectra of
astrophysically relevant, cold microdiamonds. We will also develop and apply the
computational techniques required to calculate these spectra and the spectra of
microdiamonds for which we cannot obtain samples. Given the lack of availability
of microdiamonds until recently, their IR spectroscopic properties are not
known. Since microdiamonds have been long thought to be present throughout the
ISM this lack of spectroscopic information prevents a complete analysis of
Spitzer data, especially in the 7 to 8 um region. These data will be made
available to the astronomical community. Incorporating these new data into
existing models will improve their ability to probe conditions such as radiation
field, charge state, electron and hydrogen density, and cosmochemical history of
the object.

Thursday March 25, 2010

gal_covers.txt

1/424



Printed_by_SSC

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 3/847

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 4/847

Spitzer Space Telescope — Archive Research Proposal #40131

PAH Spectra for Everyone

Principal Investigator: Louis Allamandola
Institution: NASA Ames Research Center

Technical Contact: Louis Allamandola, NASA Ames Research Center

Co-Investigators:
Charlie Bauschlicher, Jr., NASA Ames Research Center
Andrew Mattioda, NASA Ames Research Center

Science Category: ISM
Dollars Approved: 40000.0

Abstract:

The Ames Astrochemistry Laboratory now has PAH IR spectra of more than 220
laboratory measured and over 600 theoretically calculated IR spectra of
polycyclic aromatic hydrocarbons (PAHs) in a multitude of forms. The vast
majority of these spectra are not readily accessible to the public. We propose
to make the full collection of the Ames experimental and computational
collection of PAH IR spectra available to the entire Spitzer community and
accessible via the World Wide Web (WWW). The laboratory measured mid-IR spectral
collection includes over 220 neutral, cationic, and anionic PAHs, PAHs with
deuterium in place of hydrogen, PAHs containing oxygen, and PAHs containing
nitrogen (PANHs). The formulae of the PAHs in the experimental data collection
range from C10H8 to C50H22. Unfortunately, it is not possible to obtain physical
samples of all of the types of PAHs that are of astrophysical interest for
experimental study. We also have an extensive collection of accurate
computational spectra to fill in gaps in the experimentally available spectra.
Our theoretical PAH spectral collection includes very large PAHs, PAHs
containing 40 to 132 carbon atoms which are comparable to the size of the PAHs
thought to dominate the interstellar emission spectrum. Large PAHs might be
multiply charged and these are also represented in the theoretical database.
There is also observational evidence for PAH cations with nitrogen in the inner
rings (PANHs) and interest in the spectroscopy of aromatic species containing
oxygen and deuterium as well as PAH metal clusters. All of these types of PAHs
are represented in the Ames computational PAH IR spectroscopic collection. If
funded, we plan to make our entire inventory of the lab spectra available to the
Spitzer community within the next two years.

Spitzer Space Telescope — Archive Research Proposal #40364

IR Spectroscopy of PAHs in Dense Clouds

Principal Investigator: Louis Allamandola
Institution: NASA Ames Research Center

Technical Contact: Louis Allamandola, NASA Ames Research Center

Co-Investigators:

Andrew Mattioda, SETI/NASA Ames

Scott Sandford, NASA Ames Reserach Center
Max Bernstein, NASA Ames Research Center

Science Category: ISM
Dollars Approved: 63016.0

Abstract:

Interstellar PAHs are likely to be a component of the ice mantles that form on
dust grains in dense molecular clouds. PAHs frozen in grain mantles will produce
IR absorption bands, not IR emission features. A couple of very weak absorption
features in ground based spectra of a few objects embedded in dense clouds may
be due to PAHs. Additionally spaceborne observations in the 5 to 8 ?m region,
the region in which PAH spectroscopy is rich, reveal unidentified new bands and
significant variation from object to object. It has not been possible to
properly evaluate the contribution of PAH bands to these IR observations because
the laboratory absorption spectra of PAHs condensed in realistic interstellar
mixed-molecular ice analogs is lacking. This experimental data is necessary to
interpret observations because, in ice mantles, the interaction of PAHs with the
surrounding molecules effects PAH IR band positions, widths, profiles, and
intrinsic strengths. Furthermore, PAHs are readily ionized in pure H20 ice,
further altering the PAH spectrum. This laboratory proposal aims to remedy the
situation by studying the IR spectroscopy of PAHs frozen in laboratory ice
analogs that realistically reflect the composition of the interstellar ices
observed in dense clouds. The purpose is to provide laboratory spectra which can
be used to interpret IR observations. We will measure the spectra of these mixed
molecular ices containing PAHs before and after ionization and determine the
intrinsic band strengths of neutral and ionized PAHs in these ice analogs. This
will enable a quantitative assessment of the role that PAHs can play in
determining the 5-8 ?m spectrum of dense clouds and will directly address the
following two fundamental questions associated with dense cloud spectroscopy and
chemistry: 1- Can PAHs be detected in dense clouds? 2- Are PAH ions components
of interstellar ice?

Thursday March 25, 2010

gal_covers.txt

2/424



Printed_by_SSC

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 5/847

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 6/847

Spitzer Space Telescope — Archive Research Proposal #50257

IR Spectroscopy of PANHs in Dense Clouds

Principal Investigator: Louis Allamandola
Institution: NASA Ames Research Center

Technical Contact: Louis Allamandola, NASA Ames Research Center

Co-Investigators:
Andrew Mattioda, NASA Ames Research Center
Scott Sandford, NASA Ames Research Center

Science Category: ISM
Dollars Approved: 75000.0

Abstract:

Interstellar PAHs are likely to be frozen into ice mantles on dust grains in
dense clouds. These PAHs will produce IR absorption bands, not emission
features. A couple of very weak absorption features in ground based spectra of a
few objects in dense clouds may be due to PAHs. It is now thought that aromatic
molecules in which N atoms are substituted for a few of the C atoms in a PAH's
hexagonal skeletal network (PANHs) may well be as abundant and ubiquitous
throughout the interstellar medium as PAHs. Spaceborne observations in the 5 to
8 um region, the region in which PAH spectroscopy is rich, reveal unidentified
new bands and significant variation from object to object. It is not possible to
analyze these observations because lab spectra of PANHs and PAHs condensed in
realistic interstellar ice analogs are lacking. This lab data is necessary to
interpret observations because, in ice mantles, the surrounding molecules affect
PANH and PAH IR band positions, widths, profiles, and intrinsic strengths.
Further, PAHs (and PANHs?) are readily ionized in pure H20 ice, further altering
the spectrum. This proposal starts to address this situation by studying the IR
spectra of PANHs frozen in laboratory ice analogs that reflect the composition
of the interstellar ices observed in dense clouds. Thanks to Spitzer Cycle-4
support, we are now measuring the spectra of PAHs in interstellar ice analogs to
provide laboratory spectra that can be used to interpret IR observations. Here
we propose to extend this work to PANHs. We will measure the spectra of these
interstellar ice analogs containing PANHs before and after ionization and
determine the band strengths of neutral and ionized PANHs in these ices. This
will enable a quantitative assessment of the role that PANHs can play in the 5-8
um spectrum of dense clouds and address the following two fundamental questions
associated with dense cloud spectroscopy and chemistry: 1- Can PANHs be detected
in dense clouds? 2- Are PANH ions components of interstellar ice?

Spitzer Space Telescope — General Observer Proposal #20159

Grain Composition in the Southern Coalsack

Principal Investigator: B-G Andersson
Institution: The Johns Hopkins University

Technical Contact: B-G Andersson, The Johns Hopkins University

Co-Investigators:
Peter G. Wannier, Jet Propulsion Laboratory
Stephan R. McCandliss, The Johns Hopkins University

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 7.1

Abstract:

We propose to use the Spitzer IRS SL1 & SL2 spectrographs to observe the solid
state features due to carbonaceous/PAH and silicate grains in absorption towards
four stars behind the Southern Coalsack dark cloud. Our goal is to determine the
composition of the small grains, by contrasting sightlines, in the same cloud,
showing nominal and enhanced grain destruction. Combined optical and NIR
photometry shows distinct values of the total to selective extinction (R_V) for
different parts of the cloud, indicating varying grain size distributions.
Together with optical, FUV and X-ray observations, the R _V measurements indicate
that shock-induced grain destruction is taking place in parts of the Coalsack.
By comparing the dust absorption on sightlines with and without enhanced grain
destruction, and by combining these with tracers of the gas phase abundance, we
can determine the composition of the small grains. The target stars have been
chosen because: 1) they have well determined distances, 2) they probe only
absorption by Coalsack material, 3) they have FUSE and HST/STIS (or IUE) UV and
FUV data already in hand to provide gas phase abundances and extinction curves
and 4) they provide two examples each of sightlines with enhanced and nominal

R V.
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Spitzer Space Telescope — General Observer Proposal #3416

Shock Dissipation in Nearby Star Forming Regions

Principal Investigator: John Bally
Institution: University of Colorado, Boulder

Technical Contact: John Bally, University of Colorado, Boulder

Co-Investigators:

Josh Walawender, University of Colorado

Bo Reipurth, IFA, University of Hawaii

Dirk Froebrich, Dublin Institute for Advanced Studies
Michael Smith, Armagh Observatory

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 10.0

Abstract:

We propose to probe the line emission from nearby star forming regions in the 5
to 37 micron spectral range using the slit-scan mode of IRS. Our goals are: [1]
Measure the fluxes produced by the pure rotational lines of molecular hydrogen
and other spectral features in the 5 to 38 micrometer region from the
surroundings of 4 well-studied and nearby outflow sources. [2] Trace the
intermediate velocity (2 to 30 km/sec) shocks in outflow regions. Such emission
is predicted by models in which high velocity motions traced by optical and
near—-IR emission lines (Herbig-Haro objects) accelerate molecular outflows and
degrade into turbulent motions. We will obtain slit-scan maps in the LL and SL
modes of IRS of arc—-minute scale regions surrounding HH 211, HH212, L1448c and,
NGC 2071. By observing these four sources, we will compare the mid-IR emission
lines produced by regions supporting various levels of star formation activity
ranging from the birth of isolated single stars, to small groups, to rich
clusters containing over 100 YSOs and stars as massive as 8 to 10 Solar masses.

Spitzer Space Telescope — General Observer Proposal #20378

Molecular Hydrogen As a Probe of Warm Interstellar Gas on Parsec Scales

Principal Investigator: Edwin Bergin
Institution: University of Michigan

Technical Contact: Edwin Bergin, University of Michigan

Co-Investigators:

Martin Harwit, Cornell University

Sebastien Maret, University of Michigan

Gary Melnick, Smithsonian Astrophysical Observatory
David Neufeld, Johns Hopkins University

Paule Sonnentrucker, Johns Hopkins University

Dan Watson, University of Rochester

Michael Werner, Jet Propulsion Laboratory

Karen Willacy, Jet Propulsion Laboratory

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 97.7

Abstract:

We propose to use the Spitzer IRS spectrograph to conduct an unbiased study of
emission from the pure rotational transitions of H2, S(0)-S(7), over
parsec-sized scales in two clouds where star clusters are forming: NGC1333 and
OMC-2. We will obtain 5 - 37 micron spectroscopic maps with high spatial
resolution (3 - 11") and sensitivity over a 6’ x 10’ region in both sources,
encompassing a least a dozen known outflows in each. This database will enable
several scientific goals that cannot be met using any other instrument in the
foreseeable future: (1) to search, using an unbiased survey, for an
intermediate-temperature shocked component that would be unprobed by typical
ground based tracers; (2) to derive a thermal map of the dominant gas component;
(3) to use the H2 ortho-to-para ratio as an archeological probe of the thermal
history of gas on parsec scales; (4) to characterize chemical changes in the
shocked material, including the creation of gaseous H20 and CO2; and (5) to
produce an unparalleled dataset that will test models of warm shocked gas,
comparing the spatial distribution of the atomic tracers of dissociative shocks
([Fe II], [S I], [Si II]) with that of the molecular tracers of non-dissociative
shocks (H2, H20). We will interpret these spectroscopic maps using
state—of-the-art chemical and physical models to significantly advance our
understanding of shock physics and chemistry, to elucidate the interaction of
outflows with the surrounding gas, and to produce an important Spitzer legacy to
interstellar medium science.
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Spitzer Space Telescope — Theoretical Research Proposal #30331

Theoretical Studies of Ice Formation in the Dynamic Interstellar Medium

Principal Investigator: Edwin Bergin
Institution: University of Michigan

Technical Contact: Edwin Bergin, University of Michigan

Co-Investigators:
Eric Herbst, The Ohio State University

Science Category: ISM
Dollars Approved: 90805.0

Abstract:

A part of the Spitzer legacy to interstellar medium (ISM) science will be a
significant contribution to the characterization of molecular ices. Within our
galaxy ice absorption features are detected by Spitzer towards every embedded
protostar, stars that lie behind molecular clouds, and in absorption against the
galactic infrared background. Numerous studies have focused on the carbon
dioixide (CO2) molecule as the detection of its vibrational models requires
space-borne platforms. Analysis of Spitzer data is providing clues to the origin
of molecular ices and CO2 in particular. This has implications beyond chemistry
in the ISM as interstellar and cometary ices show striking similarities in
composition. However, there is little effort being placed on a theoretical
underpinning of how the ice forms. We propose to take theoretical studies of ice
formation, with an emphasis on CO2, in new directions by coupling recent
dynamical models of molecular cloud formation to state-of-the-art gas and
surface chemistry networks. In this fashion, we will constrain which ices form
in abundance as low density gas condenses to form molecular clouds, thereby
setting the initial chemical conditions for cloud fragmentation and star
formation.

Spitzer Space Telescope — General Observer Proposal #50129

Searching for the Missing Sulfur in the Dense ISM

Principal Investigator: Edwin Bergin
Institution: University of Michigan

Technical Contact: Edwin Bergin, University of Michigan

Co-Investigators:
Sebastien Maret, University of Michigan
Valentine Wakelam, Bordeaux Observatory

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 17.3

Abstract:

Sulfur-bearing molecules are widely used astrophysical probes in star—-forming
regions tracing the physical properties (density, temperature, kinematics) and
the chemistry of the gas. However, observations of sulfur-bearing molecules in
dense cores find a total abundance that is only a small fraction (~0.1%) of the
sulfur seen towards diffuse regions. Thus, unlike all other major atomic species
(hydrogen, oxygen, carbon, nitrogen) to this day we still do not know what
species is the major reservoir of sulfur in the dense ISM. This has significant
implications on our ability to reliably use these molecules as probes. Recent
observations using the IRS instrument on Spitzer have potentially discovered the
missing sulfur in atomic form lighting up at 25.2 microns within
non-dissociative shocks in close proximity to 2 of youngest protostars (Class 0
objects). We propose here to survey additional Class 0 objects to determine if
this result is peculiar to these objects or whether we have indeed found the
primary reservoir of sulfur in dense interstellar gas. We will also explore the
implications of these results on chemical theory using state-of-the-—art chemical
models. These observations will be a Spitzer legacy to ISM science and will
offer the opportunity in the future to use S I emission as a probe of dense gas
physics when its higher lying transition can be accessed by future observatories
such as SOFIA.
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Spitzer Space Telescope — General Observer Proposal #20604

Molecular Composition and Chemistry of Isolated Dense Cores

Principal Investigator: Adwin Boogert
Institution: California Institute of Technology

Technical Contact: Adwin Boogert, AURA/NOAO-South

Co-Investigators:

Tracy Huard, Harvard-Smithsonian Center for Astrophysics
Tim Brooke, California Institute of Technology

Geoff Blake, California Instiute of Technology

Phil Myers, Harvard-Smithsonian Center for Astrophysics
Ewine van Dishoeck, Leiden Observatory, the Netherlands
Jes Jorgensen, Harvard-Smithsonian Center for Astrophysics

Science Category: ISM
Observing Modes: IrsMap IrsStare
Hours Approved: 29.2

Abstract:

The composition of molecular clouds and the envelopes and disks surrounding low
mass protostars within them is still poorly known. There is little doubt that a
large fraction of the molecules is frozen on grains, but the abundance of
several crucial species (e.g. NH3, CH30H, ions) in the ices is still highly
uncertain. In addition, prominent spectral features discovered decades ago are
still not securely identified (e.g. the 6.85 micron absorption band). Gas phase
and grain surface chemistry play pivotal roles in molecule formation, but
numerous other processes could have significant impacts as well: shocks, thermal
heating, irradiation of ices by ultraviolet photons and cosmic rays. Complex
species could be formed this way, profoundly influencing cloud, disk, and
planetary/cometary chemistry. We propose to obtain Spitzer/IRS spectra of an
unprecedented sample of sight-lines tracing dense isolated cores. These cores
physically differ from the large, cluster—-forming molecular clouds (Ophiuchus,
Perseus) that are commonly studied: they are less turbulent, colder, less dense,
and likely longer lived. These IRS spectra of isolated cores will thus provide
unique information on the ice formation and destruction mechanisms. For example,
the longer survival time of ices in these cores might promote the energetic
formation of more complex species. Variations in the 6.85 um absorption band may
elucidate its carrier. The CO2 band will reflect variations in H and O chemistry
as well as thermal history. In an unbiased sample of 66 isolated cores imaged
with IRAC/MIPS by the "c2d" Legacy program, we found 30 mostly new protostars.
Toward the same cores we selected 33 highly extincted background stars as well,
tracing the quiescent cloud medium against which the (processed?) ices around
protostars can be contrasted. With this unique source sample it is possible to
address the most fundamental questions in astrochemistry: what is the
composition of the interstellar medium and how are complex molecules formed?

Spitzer Space Telescope — General Observer Proposal #50698

SN 185 and its Remnant RCW 86: A Type Ia Explosion within a Bubble?

Principal Investigator: Kazimierz Borkowski
Institution: North Carolina State University

Technical Contact: Kazimierz Borkowski, North Carolina State University

Co-Investigators:

William Blair, JHU

Knox Long, STScI

Parviz Ghavamian, JHU

Stephen Reynolds, NCSU

John Raymond, Harvard-Smithsonian
Jeonghee Rho, Spitzer Science Center
P. Frank Winkler, Middlebury College
Brian Williams, NCSU

Science Category: ISM
Observing Modes: IracMap IrsMap MipsScan
Hours Approved: 15.4

Abstract:

The bright guest star of AD185 is the earliest recorded historical supernova
(SN), but its remnant has only recently been firmly identified with RCW 86 with
help of X-rays and very high energy (VHE) Gamma-rays. RCW 86 is unlike any other
historical SN, implicating a Type Ia explosion within a wind-blown bubble.

X-ray synchrotron emission and VHE Gamma-rays are produced by relativistic
particles accelerated in fast (several thousand km/s) shocks that are present in
RCW 86, while slower radiative and nonradiative shocks are driven into the dusty
shell swept up by the SN progenitor. We propose Spitzer observations of RCW 86,
that will allow us to determine dust properties and physical conditions within
both slow and fast shocks. We will determine shock densities in the whole
remnant using MIPS imaging at 24 and 70 microns. This will allow us to finally
determine whether VHE emission arises from relativistic electrons or from cosmic
ray protons accelerated by the SN shock. We will also determine how acceleration
of synchrotron-emitting electrons to TeV energies depends on the shock density.
We propose IRS spectral mapping in two very different regions of the remnant to
perform a more detailed and sensitive study of dust emission and dust
destruction under differing plasma conditions, and of line emission produced by
radiative shocks. This will also verify the results of the imaging observations,
and will allow for quantitative comparison with models for dust emission and
destruction in SN shocks. We request imaging with IRAC in the brightest region
of the remnant to map emission from the hottest, transiently heated small
grains, and to determine their destruction rates. Physical properties and dust
content within the shell swept up by the RCW 86 progenitor will help us to
constrain the pre—-SN evolution of a Type Ia progenitor, a significant step
toward understanding of progenitors of thermonuclear explosions.
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Spitzer Space Telescope — General Observer Proposal #20125

Evaporating Grains in Reflection Nebulae?

Principal Investigator: Jesse Bregman
Institution: NASA Ames Research Center

Technical Contact: Jesse Bregman, NASA Ames Research Center

Co-Investigators:
Pasquale Temi, SETI Institute

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 12.7

Abstract:

ISOCAM spectral data of Ced 201 indicate that there is a component underlying
the PAH bands that Cesarsky et al. (2000) have attributed to emission from very
small carbonaceous grains (VSGs). These grains would not be the classical small
silicate grains observed in the interstellar medium and HII regions, but
amorphous carbon particles or PAH clusters that could comprise the smallest of
the interstellar dust grains. Very small carbonaceous grains with some
aromaticity have been suggested as contributors to the interstellar extinction
curve, but have never been directly confirmed. Cesarsky et al. also suggest that
close to the exciting star of the nebula, PAH molecules are either liberated
from the VSGs, or the VSGs are aromaticized by the UV from the central star.
Their observations show that the 7.7 band appears to get broader towards the
edges of the nebula, as expected if the PAHs are in clusters, but the ISOCAM
data do not have sufficient spectral resolution (about 40) to determine if the
apparent broadening is due to multiple components or true broadening of the
feature. We propose to study the emission as a function of position in Ced 201
and two other morphologically similar reflection nebulae at the higher spectral
resolution of the Spitzer IRS and at longer wavelengths than was possible with
ISOCAM to determine: 1. whether the apparent broadening of the 7.7 micron band
is due to intrinsic broadening or to separate components that vary in relative
strength as a function of distance from the star. 2. whether the other PAH
emission bands, particularly the 11.3 micron band, broaden as well, as expected
if the PAHs exist as clusters or VSGs. 3. whether the temperature of the
continuum decreases with distance from the star (as for classical VSGs),
maintains a constant value as for grains small enough to see just single photon
events, or whether it is a combination of the two. 4. if VSGs are present, the
size of the VSGs required to produce the observed continuum.

Spitzer Space Telescope — General Observer Proposal #20311

PAHs in the Diffuse ISM

Principal Investigator: Jesse Bregman
Institution: NASA Ames Research Center

Technical Contact: Jesse Bregman, NASA Ames Research Center

Co-Investigators:

Pasquale Temi, NASA-Ames

Janet Simpson, NASA-Ames

Els Peeters, NASA-Ames

Thomas Roellig, NASA-Ames

Louis Allamandola, NASA-Ames

Alexander Tielens, University of Groningen

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 16.4

Abstract:

Our understanding of the IR emission features and their carriers (PAHs) is
almost exclusively based upon spectral studies of bright HII regions and
planetary nebulae. In contrast, while PAHs spend most of their lives cycling
between the diffuse ISM and dark clouds, very little is known about the
comparatively weak IR emission spectrum of the diffuse ISM. One of the major
discoveries of IRAS was the widespread presence of cirrus emission at mid-IR
wavelengths throughout the diffuse ISM, but IRAS was unable to characterize this
emission further, and more recent studies using the IRTS and ISOPHOT did not
produce spectra of sufficient quality for meaningful comparisons with other
types of sources (Onaka et al. 1996; Mattila et al. 1996). We propose to measure
the IR emission spectrum of the diffuse ISM along well studied lines of sight
towards diffuse translucent clouds, of bright cirrus clumps, and of reflection
nebulae. This will provide a census of low to mid density and UV field
intensities that can be compared to existing Spitzer/ISO data of regions with
high density and high UV field intensity (i.e. HII regions and planetary
nebulae). The questions we will address are: 1. What is the mid-IR spectrum of
the diffuse ISM? 2. How does the spectrum of the mid-IR emission spectrum depend
on the local physical conditions (density, UV field) ? 3. How do the spectra of
the diffuse ISM (low density, low UV field) compare to the spectra of reflection
nebulae (intermediate conditions) and to those of HII regions and reflection
nebulae (high density, high UV field)? The proposed observations will provide
direct information on the abundance and ionization state of PAHs in the diffuse
ISM.
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Spitzer Space Telescope — Legacy General Observer Proposal #30594

MIPSGAL II: Surveying the innermost part of the Galactic plane at 24 and 70
microns with MIPS

Principal Investigator: Sean Carey
Institution: SSC

Technical Contact: Sean Carey, SSC

Co-Investigators:

Alberto Noriega-Crespo, Spitzer Science Center
Kathleen Kraemer, Air Force Research Laboratory
Jim Ingalls, Spitzer Science Center

Don Mizuno, Boston College

Stephan Price, Air Force Research Labortory
Deborah Padgett, Spitzer Science Center
Francine Marleau, Spitzer Science Center

Sachin Shenoy, Spitzer Science Center

Thomas Kuchar, Boston College

Babar Ali, IPAC

Bruce Berriman, IPAC

Sergio Molinari, Istituto Fisica Spazio Interplanetario-CNR
Leonardo Testi, Arcetri Observatory

Roc Cutri, IPAC

Remy Indebetouw, University of Virginia

Peter Martin, CITA

Bill Latter, IPAC

Francois Boulanger, IAS-Universite Paris—Sud
Marc-Antoine Miville-Deschenes, CITA/University of Toronto
Luisa Rebull, Spitzer Science Center

Roberta Paladini, Spitzer Science Center

Russ Shipman, SRON

Science Category: ISM
Observing Modes: MipsScan
Hours Approved: 158.0

Abstract:

We propose a 72 square degree survey of the innermost Galactic disk (abs(l) <10,
up to (abs(b) <3) at 24 and 70 microns with MIPS. These observations will
connect the two fields observed by MIPSGAL and are complementary to the GLIMPSE
ITI and proposed GLIMPSE 3D surveys. This data will finish the census of massive
star formation inside the molecular ring, provide detailed information on the
distribution and energetics of small dust grains toward the nucleus of our
Galaxy, and identify all massive evolved stars in the surveyed portion of the
Galactic bulge. The data will be processed with the MIPSGAL pipeline which
significantly reduces artifacts caused by the bright backgrounds and sources in
the Galactic plane. As a legacy program, we are waiving the proprietary rights
to the data and plan to distribute enhanced data products such as image mosaics
and source catalogs.

Spitzer Space Telescope — Theoretical Research Proposal #40739

Theoretical Models of Interstellar Ice Evolution

Principal Investigator: Steven Charnley
Institution: SETI Institute

Technical Contact: Steven Charnley, SETI Institute

Co-Investigators:

Steve Rodgers, SETI Institute

Jean Chiar, SETI Institute

Perry Gerakines, University of Alabama

Science Category: ISM
Dollars Approved: 80388.0

Abstract:

Using a new stochastic gas—grain chemistry model, we will construct theoretical
models of ice evolution as interstellar material evolves from quiescent media to
the dense environment surrounding a protostar. We will use the predicted grain
mantle composition and layering at different epochs to compute synthetic ice
absorption spectra. The ability to understand the chemical composition and
relative ages of solid material in various lines of sight will inform the
analysis and interpretation of data returned from the Spitzer Space Telescope.
We also propose to make a well-documented version of this simulation code widely
available through a website. We will provide the necessary theoretical and
computational background so that other astronomers will be able to implement the
code in analyzing their data.
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Spitzer Space Telescope — General Observer Proposal #3616

Solving the Mysteries of Interstellar Dust Composition in the Milky Way

Principal Investigator: Jean Chiar
Institution: SETI Institute

Technical Contact: Jean Chiar, SETI Institute

Co-Investigators:

Michael Egan, MDA/AS

Alexander Tielens, Kapteyn Institute/SRON
G.C. Sloan, Cornell University

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 16.3

Abstract:

Interstellar dust is ubiquitous, yet its precise composition is still widely
debated. Spitzer’s Infrared Spectrometer provides the sensitivity to study
previously unattainable lines of sight throughout the plane of the Milky Way.

In this proposal, we seek to study the hydrocarbon and silicate dust components
of the interstellar medium for 56 lines of sight spanning visual extinctions
from 6.6 to 32.2 magnitudes across a range of Galactic longitudes and latitudes.
Specifically, we will measure the hydrocarbon absorption features at 6.9 and 7.3
micron, and the silicate absorption features at 9.7 and 18.5 micron. The ratio
of the hydrocarbon and silicate features provides a direct handle on the
hydrocarbon to silicate dust volume. It has been previously been noted that the
optical depth to visual extinction ratio is distinct for lines of sight within
the Solar neighborhood compared to the Galactic Center. Thus, these features
will also be related to their visual extinction and Galactic location to test
whether location has an effect on the optical depth to Av ratio. Finally, the
silicate mineralogy can be assessed by studying the ratio of the 9.7 to 18.5
micron absorption features, whose relative strengths have been shown to be
indicative of olivine-rich or pyroxene-rich silicates. In order to obtain
sufficient sampling of both Galactic location and visual extinction, we will
observe 56 lines of sight requiring a total of 16.3 hours.

Spitzer Space Telescope — General Observer Proposal #50363

Probing the Onset of Dust Coagulation in Dense Clouds

Principal Investigator: Jean Chiar
Institution: SETI Institute

Technical Contact: Jean Chiar, SETI Institute

Co-Investigators:

Douglas Whittet, Rensselaer Polytechnic Institute
Laurens Waters, U. Amsterdam, Netherlands
Alexander Tielens, NASA Ames Research Center
Carlos Roman-zZuniga, Harvard CfA

Yvonne Pendleton, NASA HQ

Michiel Min, U. Amsterdam, Netherlands

Charles Lada, Harvard CfA

Johanna van Breemen, U. Amsterdam, Netharlands
Achim Tappe, Harvard CfA

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 10.2

Abstract:

Our previous Spitzer IRS observations have confirmed the striking break-down of
the diffuse ISM linear correlation of the depth of the 9.7 mic silicate
absorption feature (tau(9.7)) with near-IR color excess (E(J-Ks)) at high
extinctions in dense clouds. In addition, the observed shape of the 9.7 mic band
changes between dense clouds and the diffuse ISM. Theoretically, these
variations have been attributed to the effect of grain growth by coagulation on
the extinction properties of interstellar dust, but the conditions responsible
for grain coagulation in dense clouds is not well understood. The new
observations we propose here in combination with already existing deep IR
extinction maps, provide us with a new and unique opportunity to directly probe
the onset of dust coagulation and the change in the physical properties of the
dust in the environment of a single nearby dense cloud: the Pipe Nebula. The
goals of our proposal are: - We will measure the change in tau(9.7) as a
function of near-IR extinction and density in dense cloud cores and the
surrounding lower—-density intercore material. — We will analyze the 9.7 mic
profile shape, to observationally determine under what conditions deviations
from the diffuse ISM feature become apparent. — We will establish,
observationally, the interrelationship between the flattening of the
tau(9.7)/E(J-Ks) relation and the change in shape of the silicate profile. Our
lines of sight span a wide range of accurately determined (IR) extinctions (Av ~
5 to 48 mag). We will accomplish our above goals by obtaining high S/N IRS
observations of a well-chosen sample of background stars behind the Pipe Nebula
and two of its most opaque dense cores. The source list ensures that the
extinction range is well-sampled spatially and in terms of extinction value
inside the cloud cores and the surrounding intercore material. In this way, we
will be able to observe changes in the dust properties as they occur within a
single dense cloud.
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Spitzer Space Telescope — General Observer Proposal #50267

Characterizing the Dust-Correlated Anomalous Emission in LDN 1622

Principal Investigator: Kieran Cleary
Institution: Jet Propulsion Laboratory

Technical Contact: Kieran Cleary, Jet Propulsion Laboratory

Co-Investigators:

Clive Dickinson, California Institute of Technology
Simon Casassus, Universidad de Chile

Itsuki Sakon, University of Tokyo

Charles Lawrence, Jet Propulsion Laboratory

Science Category: ISM
Observing Modes: IrsMap IrsStare
Hours Approved: 11.1

Abstract:

The search for "dust-correlated microwave emission" was started by the
surprising excess correlation of COBE-DMR maps, at 31.5, 53 and 91GHz, with
DIRBE dust emission at 140 microns. It was first thought to be Galactic
free-free emission from the Warm Ionized Medium (WIM). However, Leitch et al.
(1997) ruled out a link with free-free by comparing with Halpha templates and

first confirmed the anomalous nature of this emission. Since then, this emission

has been detected by a number of experiments in the frequency range 5-60 GHz.
The most popular explanation is emission from ultra-small spinning dust grains
(first postulated by Erickson, 1957), which is expected to have a spectrum that
is highly peaked at about 20 GHz. Spinning dust models appear to be broadly
consistent with microwave data at high latitudes, but the data have not been
conclusive, mainly due to the difficulty of foreground separation in CMB data.
LDN 1622 is a dark cloud that lies within the Orion East molecular cloud at a
distance of 120 pc. Recent cm-wave observations, in combination with WMAP data,
have verified the detection of anomalous dust-correlated emission in LDN 1622.
This mid-IR-cm correlation in LDN 1622 is currently the only observational
evidence that very small grains VSG emit at GHz frequencies. We propose a
programme of spectroscopic observations of LDN 1622 with Spitzer IRS to address
the following questions: (i) Are the IRAS 12 and 25 microns bands tracing VSG
emission in LDN 1622? (ii) What Mid-IR features and continuum bands best
correlate with the cm-wave emission? and (iii) How do the dust properties vary
with the cm-wave emission? These questions have important implications for
high-sensitivity CMB experiments.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #120

Study of new 16.4 micron PAH feature

Principal Investigator: Dale Cruikshank
Institution: NASA-Ames

Technical Contact: Kris Sellgren, Ohio State University

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 1.7

Abstract:
These are four sources to be added to Cruikshank’s existing program on the study
of a new 16.4 micron PAH feature.
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Spitzer Space Telescope — General Observer Proposal #40183

Probing the IR Cirrus: Small-Scale Structure and Molecular Content

Principal Investigator: Charles Danforth
Institution: University of Colorado

Technical Contact: Charles Danforth, University of Colorado

Co-Investigators:
J. Michael Shull, U. Colorado
Felix J Lockman, NRAO Greenbank

Science Category: ISM
Observing Modes: IracMap MipsScan
Hours Approved: 16.5

Abstract:

The infrared cirrus is a network of diffuse interstellar clouds seen over ~50%
of the sky at high Galactic latitudes. The cirrus has not yet been studied by
Spitzer, yet there are several compelling scientific reasons to do so. First,
the cirrus appears to contain a substantial amount of molecular hydrogen. A
correlation is seen to exist between the column density of H2 seen in absorption
toward extragalactic sight lines and the 100um cirrus emission adjacent to those
sight lines. However, the low spatial resolution of existing all-sky IR maps and
likely variation of cirrus structure on angular scales >5’ introduces a great
deal of scatter into the correlation. Using cirrus flux as a proxy for H2 column
density will allow us to correct large-scale HI surveys for the "missing"
molecular contribution and get accurate measurements of the total mass in this
diffuse ISM phase. Second, the cirrus may delineate the disk-halo interface and
be a site of enhanced cooling (via H2 rotational excitation) and triggered star
formation. Detailed studies of cirrus morphology at small scales (<1’) can tell
us a great deal about the physical structure of the cirrus: thickness, particle
density, and cooling rates. Additionally, small-scale cirrus structure is a
significant Galactic foreground that needs to be understood and characterized
for future cosmology probes such as Planck and ALMA. We propose a set of Spitzer
observations of seven high-latitude fields around AGN to address these two
science drivers. MIPS observations at 70 and 160um will map the cirrus at
unprecedented resolution while 24um and IRAC 8um fields will map the brightest
dust and PAH emission.

Spitzer Space Telescope — General Observer Proposal #50639

Imaging the IR Cirrus: Molecular Content & Small-Scale Structure

Principal Investigator: Charles Danforth
Institution: University of Colorado

Technical Contact: Charles Danforth, University of Colorado

Co-Investigators:
J. Michael Shull, University of Colorado
F. Jay Lockman, NRAO Green Bank

Science Category: ISM
Observing Modes: MipsScan
Hours Approved: 22.7

Abstract:

The infrared cirrus is a network of diffuse interstellar clouds seen over ~50%
of the sky at high Galactic latitudes. There are several compelling scientific
reasons to study the cirrus with Spitzer. First, the cirrus appears to contain a
substantial amount of molecular hydrogen. A correlation exists between the
column density of H2 seen in absorption along extragalactic sight lines and the
100um cirrus emission adjacent to those sight lines. However, the low spatial
resolution of existing all-sky IR maps and patchy nature of cirrus emission on
angular scales >5’ introduces a great deal of scatter into the correlation.
Using cirrus flux as a proxy for H2 column density will allow us to correct
large-scale HI surveys for the "missing" molecular contribution and get accurate
measurements of the total mass in this diffuse ISM phase. Second, the cirrus may
delineate the disk-halo interface and be a site of enhanced cooling via H2
rotational excitation and triggered star formation. Detailed studies of cirrus
morphology at small scales (<5’) can tell us a great deal about the physical
structure of the cirrus: thickness, particle density, and cooling rates.
Additionally, small-scale cirrus structure is a significant Galactic foreground
that needs to be understood and characterized for future cosmology probes such
as Planck and ALMA. A small program of Spitzer observations during Cycle 4 is
being carried out utilizing deep MIPS observations at 70 and 160um to map the
cirrus. IRAC 8um observations trace emission from PAH molecules and small
grains. In our first observation (PKS0405-12) we see cirrus emission at 8um,
70um, and 160um with clear structure down to the instrumental resolution. The
cirrus intensity along the H2 absorption sight line is seen to be lower than in
the low-resolution data. We propose a set of follow-on observations of eight
fields. These fields have been chosen to refine the IR-H2 correlation and will
additionally address the small-scale structure science driver.
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Spitzer Space Telescope — General Observer Proposal #3336

Mapping ices in a dense cloud toward background stars: Tracers of solid state
chemistry at high spatial resolution

Principal Investigator: Emmanuel Dartois
Institution: Universite Paris Sud

Technical Contact: Klaus Pontoppidan, California Institute of Technology

Co-Investigators:

Klaus Pontoppidan, Leiden Observatory
Guillermo Munoz Caro, IAS

Louis d'Hendecourt, IAS

Ewine van Dishoeck, Leiden Observatory
Jes Joergensen, Leiden Observatory
Francois Boulanger, IAS

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 15.6

Abstract:

We propose to obtain spatially well resolved maps of ice abundances in two
isolated dark cloud cores using absorption spectroscopy. The large wavelength
coverage together with the unpredented sensitivity of Spitzer-IRS will allow us
to obtain absorption spectra of many different ice species toward faint
background stars. We will thereby map the detailed ice abundance structure of
the clouds in molecules such as H20, CO2, CH30H, CH4 and NH3. This unique
approach will make it possible to address the onset of formation of each
individual ice species as a function of local physical conditions such as
density, extinction and temperature. Of special interest is to constrain the
chemical interrelation between the ice constituents. We propose to map ice
abundances in the starless Coalsack cloud core and in the isolated core L723,
which contains a deeply embedded protostar. Spitzer—IRS is able to record the
spectra of background sources with a spatial density of better than one source
per square arcminute, which is two orders of magnitude higher than previously
attained. This density of lines of sight is sufficient to adequately sample a
typical 5'x5’ dark cloud.

Spitzer Space Telescope — General Observer Proposal #20294

Measuring the Veil: The Galactic Extinction From 3 to 30 Microns — The Dense AND
Diffuse ISM -

Principal Investigator: C. Dudley
Institution: Naval Reseach Laboratory

Technical Contact: C. Dudley, Naval Reseach Laboratory

Co-Investigators:

H. Smith, CfA

A. Tokunanga, IfA

S. Satyapal, George Mason University
J. Fischer, NRL

E. Dwek, GSFC

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 5.3

Abstract:

Although the Galactic infrared extinction curve is quite uncertain at
wavelengths longer than 2 micron, the infrared extinction is critical to the
interpretation of infrared observations. Here we propose to measure the 3--30
micron extinction curve on 4 lines of sight towards background stars with a
range of visual extinction between 13 and 70 mag. These high extinctions are
required to allow a precise measurement at infrared wavelengths where extinction
is much less. We will use the traditional (in the optical) method of ratioing
the Spitzer IRS low resolution spectra of extinguished and unextinguished stars.
Our extinguished sources have been chosen to be free of photospheric spectral
features and most importantly (for the infrared) free of circumstellar dust
emission. We take the additional step of observing a range of calibrator
spectral types to account for the unlikely possibility that a Rayleigh-Jeans
treatment would be inadequate. Our sight line selection will allow us to measure
separately extinction due to dust and/or ice in both dense and diffuse ISM
environments and will provide for the first time a truly reliable measure of the
ratio of the strengths of the ten and twenty silicate silicate features in these
distinct environments. 5.3 hours is requested to complete these observations.
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Spitzer Space Telescope — General Observer Proposal #50270

Grain Destruction in Puppis A

Principal Investigator: Eli Dwek
Institution: NASA Goddard Space Flight Center

Technical Contact: Eli Dwek, NASA Goddard Space Flight Center

Co-Investigators:

Richard G. Arendt, CRESST/UMBC/GSFC
William Blair, Johns Hopkins University
Parviz Ghavamian, Johns Hopkins University
Una Hwang, Johns Hopkins U/GSFC

Knox Long, STScI

Robert Petre, NASA/GSFC

Jeonghee Rho, Spitzer Sci Ctr/Caltech
Frank Winkler, Middlebury College

Science Category: ISM
Observing Modes: IracMap IrsMap IrsStare MipsScan
Hours Approved: 15.2

Abstract:

We propose to use the supernova remnant Puppis A as an interstellar laboratory
for studying the effects of shocks on dust grains. Puppis A is a well-resolved,
bright infrared source with strongly correlated IR/X-ray emissions that are
shaped by strong interactions of the remnant shock with an environment that
includes a CO a nd HI cloud complex. It contains a wide range of plasma
conditions that would allow study of the effects of shocks on the processing and
destruction of dust grains under a variety of conditions. A Spitzer study of
Puppis A is further supported by the broad range of exquisite complementary
observations at X-ray and UV wavelengths. All this makes Puppis A the ideal
target for the study of shocks on dust. Determining the efficiency of the
various grain destruction processes is of great astrophysical importance since
they play a major role in our understanding of the sources and origin of
interstellar dust. For example, the origin of the large amount of dust in
high-redshift galaxies is a question of great astrophysical importance. Since
AGB stars did not have time to evolve off the main sequence, supernovae are the
only source of newly-formed dust in these young galaxies. If grains were not
destroyed, supernovae may have been able to produce the observed amount of dust,
assuming a condensation efficiency of about unity in their ejecta. However, if
grain destruction is taken into account, then only accretion onto preexisting
grain in molecular clouds can account for the observed mass of dust in the
high-redshift (z > 6) universe. Determining the grain destruction efficiency is
therefore a major issue in astrophysics, with local as well as cosmological
implications. The proposed Spitzer observations of Puppis A are key for
addressing this issue.

Spitzer Space Telescope — General Observer Proposal #50490

Warm H2 trails in molecular clouds: a close view at turbulence dissipation

Principal Investigator: Edith Falgarone
Institution: Ecole Normale Superieure

Technical Contact: Edith Falgarone, Ecole Normale Superieure

Co-Investigators:

Francois Boulanger, IAS, Orsay

Benjamin Godard, LRA, ENS

Pierre Hily-Blant, LAOG, Grenoble

Guillaume Pineau des Forets, IAS, Orsay
Laurent Verstraete, IAS, Orsay

Mark Wolfire, Univ. of Maryland, Dept Astron.

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 7.1

Abstract:

Unlike stars and many plasmas in the universe, gas in molecular clouds is a
highly dissipative system. It is this property that allows turbulent clouds to
form stars. Little is known on the detailed processes leading to turbulent
dissipation. Where, how and at what rate does molecular cloud turbulence
dissipate? The current paradigm is that it occurs fast, in shocks. But turbulent
dissipation in clouds is mild, intermittent in space and time, and shear-layers
also contribute. A statistical analysis of the velocity field of a large CO map
in the Polaris molecular cloud, has allowed us to disclose a spectacular
structure of large velocity-shear, extending over more than a parsec in the
environment of two low-mass dense cores. We show that 25% of the turbulent
energy in the field is dissipated in the 2.5% area where the shear is the
largest. We show why the bulk of the dissipated energy is expected to be
radiated in the pure rotational lines of H2 and rely on former detections of
high HCO+ abundances in this structure to compute the expected H2 line
intensity. We propose Spitzer IRS observations of the H2 pure rotational lines
in that structure to test these theoretical expectations and the role of
shear—layers in contributing to the turbulent dissipation. The Spitzer—IRS is
ideally suited to this experiment since high sensitivity and spatial resolution
at the arcsec scale are required and the IRS wavelength range covers the
dominant cooling lines of the dissipation.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #27

CO2 Ice Absorption in the Interstellar Medium

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Edwin Bergin, University of Michigan

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 3.2

Abstract:

We will use the IRS to observe several lines of sight in the Taurus Molecular
Cloud to search for the 15.2 micron absorption feature due to CO2 ice. The
survey samples a variety of lines of sight towards embedded objects and field
stars, probing gas with both high and low extinction. These observations will be
used to examine the uncertain formation pathways of CO2 ice in the interstellar
medium.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #28

Spectral Line Diagnostics of Shocks and Photon-Dominated Regions

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: David Neufeld, The Johns Hopkins University

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 6.7

Abstract:

We will use the step-and-stare mode of IRS to observe the sources S140, NGC
7023, and HH54, obtaining spectral line maps of regions of size ~ 55 x 55 arcsec
(45 x 45 arcsec for HH54) using the Short-Lo, Short-Hi and Long—-Hi modules.
These observations will yield maps of the emission line intensities for several
rotational transitions of H2 and H20 and many fine structure lines of atoms and
atomic ions. The scientific goal is to study the spatial variation in gas
temperature, density, H2 ortho-to-para ratio, water abundance and ionization
conditions within the three sources studied, thereby enhancing our physical
understanding of interstellar shock waves and photodissociation regions.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30790

B-Cirrus: Investigation of grain processing in moderate radiation fields

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Sean Carey, SSC

Co-Investigators:

Sean Carey, Caltech/SSC

Bill Glaccum, Caltech/SSC

Bill Reach, Caltech/SSC

Russ Shipman, Kapteyn Astronomical Institute/SRON

Science Category: ISM
Observing Modes: IracMap MipsPhot MipsScan
Hours Approved: 8.4

Abstract:

We propose IRAC and MIPS maps of infrared cirrus surrounding two embedded B
stars, HR 5336 and HR 890. Previous IRAS investigations of these sources show
that 12 and 25 micron emission is deficient relative to the 100 micron emission
in the vicinity of the star. The mid-infrared emission deficits have been
interpreted as destruction of the polycyclic aromatic hydrocarbons (PAHs) and
very small grains (VSGs) responsible for the mid-infrared emission. The 25
micron emitters appear to be more depleted than the 12 micron emitters
suggesting that VSGs are less robust than PAHs. The proposed observations will
provide a high resolution, detailed study of the abundance of PAHs, VSGs and
large grains as a function of distance from the embedded object and radiation
field. The abundances will be compared to current generation grain models and
will provide information on the processing of VSGs and PAHs in moderately
enhanced radiation fields.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40031

Decoding the colors of the interstellar medium

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: William Reach, IPAC

Co-Investigators:
Joseph Hora, CfA
Margaret Meixner, STScI

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 15.0

Abstract:

The Infrared Array Camera is very sensitive to diffuse emission, and its
multi-band architecture has enabled Legacy Surveys of the inner Galactic Plane
(GLIMPSE+MIPSGAL) and the Large Magellanic Cloud (SAGE). Inspection of these
large-scale imaging surveys reveals extended emission with distinct colors. The
vast majority of diffuse emission has color characteristics of polycyclic
aromatic hydrocarbons (PAH), with proportions in IRAC channels 1:2:3:4 of
4:6:35:100. As a key to decoding these colors we selected 10 lines of sight with
distinct colors (7 in the Milky Way and three in the LMC) and propose to observe
these fields using IRS to measure the diffuse emission.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50027

IRAC Imaging of Star—-Cloud Collisions in the Pleiades

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: John Stauffer, Spitzer Science Center

Co-Investigators:
Luisa M. Rebull, SSC
Patrick Lowrance, SSC
Inseok Song, SSC

Science Category: ISM
Observing Modes: IracMap
Hours Approved: 1.2

Abstract:

The blue Palomar sky survey plate of the Pleiades region provides clear evidence
that there is considerable dust close to the bright stars of the Pleiades.
However, the network of dust filaments does not provide any unambiguous signpost
for the kinematics of the dust (and gas). Radial velocity measures of
interstellar absorption lines towards the bright Pleiades stars indicates that
the gas is moving towards the Pleiades at a relative velocity of about 10 km/s,
indicating that the gas/dust are not resident in the Pleiades but are instead
transiting through the cluster. White & Bally (1993) concluded that the Pleiades
was impacting the cloud from the East - and leaving a wake behind, visible in
the IRAS 60 and 100 micron images of the region. Herbig & Simon (2001) imaged
the brightest portion of the Merope nebula with HST, and concluded that the
shape of the nebula could only be explained by the gas impacting the Pleiades
from the south-southeast. Their conclusion was that the transiting cloud was an
outlyer from the Taurus molecular cloud. The two explanations are not
consistent. As part of a GTO program, we have obtained shallow IRAC imaging of
the center of the Pleiades and have identified two stars which appear to be
impacting cloud condensations at the current epoch, with extended circumstellar
dust prominent at 8 um. An additional star with similar characteristics has been
identified from FEPS data. A or F stars impacting moderate-density clouds should
carve paraboloidal cavities in the cloud (Artymowicz and Clampin 1997), with the
detailed shape of the cavity rim indicating the direction of relative motion of
the star and gas. We propose deep IRAC imaging of the three stars impacting the
passing cloud in order to define better the shape of their extended emission,
and hence determine the motion of the gas and dust relative to the Pleiades
stars.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50692

The Silicate-Extinction Relationship in Filament L673

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Tracy Huard, University of Maryland, College Park

Co-Investigators:

Tracy Huard, University of Maryland

Lori Allen, SAO

Klaus Pontoppidan, Caltech

Jeff Bary, University of Virginia

Jarron Leisenring, University of Virginia
Adwin Boogert, NASA Herschel Science Center
Claudia Knez, University of Maryland

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 6.4

Abstract:

We propose to obtain Spitzer IRS spectra of 18 background stars toward two cores
within the isolated dense filament L673. These stars were carefully selected to
probe a wide range of extinctions in the starless core L673-SMM4 and the
cluster-forming core L673-SMM1/2 in order to further investigate the
silicate-extinction relationship in dense, isolated environments. With the
primary goal of characterizing this relationship in different core environments,
a previous program (PID 40928) included 63 background stars sampling a wide
range of extinctions through four cores: a starless core, single-star—-forming
core, cluster-forming core, and a core apparently exhibiting an anomalous
relationship. The additional observations proposed here would serve to (1)
provide a more robust characterization of differences between the
silicate—extinction relationship in starless and star—forming cores, and (2)
enable us to address whether this relationship is similar for cores of similar
star—-formation rates. We have shown previously that the silicate-extinction
relationship is a sensitive probe of grain evolution, providing constraints on
the carbon-to-silicate composition and grain sizes, especially when combined
with 1-1000 micron observations.
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Spitzer Space Telescope — Theoretical Research Proposal #20275

Unfolding the Information of the Interstellar H$_2$ Spectrum: Its impact on
Spitzer IR Observations

Principal Investigator: Gary Ferland
Institution: University of Kentucky

Technical Contact: Gary Ferland, University of Kentucky

Co-Investigators:

Teck Ghee Lee, University of Kentucky and Oak Ridge National Lab
David R. Schultz, Oak Ridge National Lab

Phillip C. Stancil, University of Georgia

Science Category: ISM
Dollars Approved: 51444.0

Abstract:

Molecular hydrogen is the most ubiquitous molecule in the universe. H$_2$ plays
a pivotal role in a variety of processes that significantly influence the
chemical and physical state of interstellar gas. However, the lack of both
accurate and complete collisional data sets for rovibrational inelastic cross
sections and rate coefficients for H, He, and H$_2$ impacting the dominant
molecular species (e.g. H$_2$, HD, and CO) has created a serious set back in the
development of reliable astrophysical models complementing NASA’s {it Spitzer}
IR observations. It has been shown that the uncertainties in the existing
collisional rate coefficient data can be significant. Modeling and
interpretation of observations of such environments require quantitatively
accurate and complete treatment of H$_2$. To derive significant scientific
return from the unprecedented observations that are expected in the near future,
we propose to compute rovibrational excitation and dissociation cross sections
and rate coefficients for collisions of H, H$_2$ and He with H$_2$ and HD for
all transitions between all bound rovibrational levels of the target molecules
using continued development of well established quantum mechanical
close-coupling and classical trajectory methods. Rate coefficients will be
computed from 10 to 50,000~K and fit to convenient functional forms with
physical low- and high-temperature limits. The results of this proposal will
then enable models, such as the very widely used and tested spectral modeling
code Cloudy, to reliably simulate these astrophysical environments, leading to
deeper examination and understanding of their physical properties through {it
Spitzer} observations of H$_2$ features.

Spitzer Space Telescope — General Observer Proposal #50516

The Eagle Nebula: a spectral template for star forming regions

Principal Investigator: Nicolas Flagey
Institution: Spitzer Science Center

Technical Contact: Nicolas Flagey, Spitzer Science Center

Co-Investigators:

Francois Boulanger, Institut d’Astrophysique Spatiale

Sean Carey, Spitzer Science Center

Mathieu Compiegne, CITA, University of Toronto

Eli Dwek, NASA Goddard Space Flight Center

Emilie Habart, Institut d’Astrophysique Spatiale

Remy Indebetouw, University of Viriginia

Thierry Montmerle, Laboratoire d’Astrophysique de Grenoble
Alberto Noriega—-Crespo, Spitzer Science Center

Science Category: ISM
Observing Modes: IrsMap MipsSed
Hours Approved: 56.1

Abstract:

IRAC and MIPS have revealed spectacular images of massive star forming regions
in the Galaxy. These vivid illustrations of the interaction between the stars,
through their winds and radiation, and their environment, made of gas and dust,
still needs to be explained. The large scale picture of layered shells of gas
components, is affected by the small scale interaction of stars with the clumpy
medium that surrounds them. To understand spatial variations of physical
conditions and dust properties on small scales, spectroscopic imaging
observations are required on a nearby object. The iconic Eagle Nebula (M16) is
one of the nearest and most observed star forming region of our Galaxy and as
such, is a well suited template to obtain this missing data set. We thus propose
a complete spectral map of the Eagle Nebula (M16) with the IRS/Long Low module
(15-38 microns) and MIPS/SED mode (55-95 microns). Analysis of the dust
emission, spectral features and continuum, and of the H2 and fine-structure gas
lines within our models will provide us with constraints on the physical
conditions (gas ionization state, pressure, radiation field) and dust properties
(temperature, size distribution) at each position within the nebula. Only such a
spatially and spectrally complete map will allow us to characterize small scale
structure and dust evolution within the global context and understand the impact
of small scale structure on the evolution of dusty star forming regions. This
project takes advantage of the unique ability of IRS at obtaining sensitive
spectral maps covering large areas.
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Spitzer Space Telescope — Theoretical Research Proposal #30063

Towards Complete Microphysical Modeling of Warm Interstellar Molecules: H2
Collisional Dissociation for Spitzer IR Observations

Principal Investigator: Robert Forrey
Institution: Penn State University

Technical Contact: Robert Forrey, Penn State University

Co-Investigators:

Balakrishnan Naduvalath, University of Nevada, Las Vegas
Phillip Stancil, University of Georgia

Teck Lee, University of Kentucky

Gary Ferland, University of Kentucky

David Schultz, Oak Ridge National Laboratory

Science Category: ISM
Dollars Approved: 50525.0

Abstract:

The role of molecules in a variety of interstellar environments, including
photodissociation regions, star-forming regions, circumstellar shells, and other
molecular regions, is far-reaching. Molecules are pivotal to determining the
thermal and density structure of the gas and provide diagnostics through
emission, absorption, and fluorescence. However, these environments are
typically of low density, may be exposed to shocks, and are usually irradiated
in the UV by nearby hot stars which results in significant departures from
equilibrium for the chemical, ionization, and internal energy state of the gas.
Therefore, to accurately model these environments, and thereby interpret results
from Spitzer spectroscopic observing programs, requires a quantitative
understanding of a variety of microphysical processes. We propose here to focus
our studies on the most abundant of molecules, H2. To derive significant
scientific return from current and future Spitzer observations, we will compute
dissociation rate coefficients of H2 due to collisions of H, He, para-H2, and
ortho-H2, a process which is competitive with other H2 destruction mechanisms.
The rate coefficients will be computed for temperatures between 1 and 50,000 K
and from ALL initial bound rotational-vibrational levels of H2 in the ground
electronic state, information which is unavailable today. The computations will
be performed using established quantum mechanical close-coupling and
coupled-states methods on accurate, and well tested, potential energy surfaces.
The results will be benchmarked against experiment, where available, and fit to
analytic forms with physical low- and high-temperature limits for easy modeling
use. The results of this proposal will then enable models, such as those from
the widely used and tested spectral synthesis code Cloudy, to reliably simulate
H2 in molecular environments, leading to deeper examination and understanding of
their physical properties through Spitzer observations.

Spitzer Space Telescope — General Observer Proposal #30673

SN 1006: The Millennium Supernova Remnant

Principal Investigator: P. Frank Winkler
Institution: Middlebury College

Technical Contact: P. Frank Winkler, Middlebury College

Co-Investigators:

Stephen P. Reynolds, N. Carolina State Univ.
Kazimierz Borkowski, N. Carolina State Univ.
Knox S. Long, STScI

John C. Raymond, CFA

Parviz Ghavamian, Johns Hopkins Univ.
William P. Blair, Johns Hopkins Univ.

Science Category: ISM
Observing Modes: IrsMap MipsScan
Hours Approved: 18.0

Abstract:

We propose MIPS 24 and 70 micron imaging of the young Type Ia supernova remnant
SN 1006. At a distance of only 2.2 Kpc and well off the Galactic plane, SN 1006
provides an exceptional opportunity for detailed studies of phenomena we have
characterised at low spatial resolution by looking at similar objects in the LMC
(Borkowski et al. 2006). We will study the dust processing (sputtering) and
destruction of ISM dust by the fast (~2900 km/s) non-radiative shock wave,
spatially resolving the destruction of the smallest grains as a function of
distance behing the shock using the 70/24 micron ratio. Corrolating MIPS
intensities against exquisite data available at other wavelengths, we will
determine shock conditions (post-shock pressures, densities and temperatures)
for both the synchrotron-dominated NE and SW limbs and for the
thermally-dominated NW limb. Also, because SN 1006 contains well-documented
regions of both shocked and unshocked ejecta, we will perform a careful search
for ejecta dust, either detecting or placing very significant limits on its
presence. We also request IRS low resolution 14-38 micron spectra of two
contrasting limb positions (synchrotran and thermally-dominated) to validate
assumptions needed to interpret the MIPS imagery, obtain detailed spectral
shapes of the dust emission from these regions, and search for potential line
emission from the fast shock.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #124

IRAC and MIPS Imaging and IRS Spectroscopy of Pre and Post Main Sequence Stellar
Systems

Principal Investigator: Robert Gehrz
Institution: University of Minnesota

Technical Contact: Elisha Polomski, University of Minnesota

Science Category: ISM
Observing Modes: IracMap IrsMap IrsStare MipsPhot
Hours Approved: 29.6

Abstract:

We will obtain images of these systems to search for extended, faith ejecta and
fossil remnants ejected in previous evilutionary phases. IRS follow-up will be
used to determine the chemical composition and dynamics of the ejecta.

Spitzer Space Telescope — General Observer Proposal #30922

Cold Diffuse Clouds: The Missing Link in Molecular Cloud Formation

Principal Investigator: Steven Gibson
Institution: NAIC/Arecibo Observatory

Technical Contact: Steven Gibson, NAIC/Arecibo Observatory

Co-Investigators:

Marc-Antoine Marc-Antoine, IAS
Francois Francois, IAS
Christopher Brunt, U. Exeter
Russ Taylor, U. Calgary
William Reach, SSA

Alberto Noriega—-Crespo, IPAC
Sean Carey, IPAC

Peter Martin, CITA

Science Category: ISM
Observing Modes: IracMap MipsScan
Hours Approved: 13.2

Abstract:

Recent results from the Canadian Galactic Plane Survey show that cold diffuse
clouds are an important component of the Galactic interstellar medium. These
clouds, detected as self-absorption features at 21 cm, have temperatures and
densities that bridge the gap between the ambient atomic ISM and the colder,
denser molecular medium. Consequently, they may be the long-sought sites where
atomic gas condenses into the molecular phase required for star formation.
Although critical to the evolution of matter in the Galaxy, molecular
condensation is poorly understood, in large part because its quiescent nature
renders it less detectable than more energetic phase changes like dissociation,
ionization, or recombination. CDCs offer a unique opportunity to study this
evolutionary ‘‘missing link’’. The question of the origin and stability of these
structures is raised. Without molecular gas, the low temperatures of these cold
diffuse clouds are difficult to explain, unless the standard heating and cooling
mechanisms are not in the expected balance. As dust grains are directly involved
in the heating (photo-electric effect on grains) and cooling (via the formation
of molecules), infrared dust emission is an ideal tracer of the physical
conditions of these structures. Here we propose to use Spitzer observations to
put some strong constraints on the origin of these cold diffuse clouds. We wish
use IRAC and MIPS to map a Galactic region well known for its abundant cold
diffuse cloud features. The Spitzer data will allow us to fully characterize the
dust size distribution, and to estimate the thermal balance of these structures.
With its high angular resolution, the Spitzer data will also give us the
opportunity to study in detail the small-scale structure of objects undergoing
of one of the key transitions of the interstellar medium.
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Spitzer Space Telescope — General Observer Proposal #30326

H2 Rotational Transition Emission From Molecular Cloud Edges: Tracing the Energy
Input Affecting Cloud Structure and Evolution

Principal Investigator: Paul Goldsmith
Institution: JPL

Technical Contact: Thangsamy Velusamy, JPL

Co-Investigators:
Thangasamy Velusamy, JPL
Di Li, JPL

William Langer, JPL

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 25.1

Abstract:

We propose a study of the boundaries of molecular clouds to investigate the role
of turbulent energy dissipation in heating these regions. Energy dissipated in
cloud boundary layers may be injected into the molecular cloud, helping to
support the dense region against gravitational collapse and thus lengthening the
time available for star formation. Standard models of cloud boundaries predict
only a limited quantity of warm H2, insufficient for detection at the present
time. The inclusion of turbulent dissipation, suggested theoretically and by
observations of diffuse clouds, can radically change the situation, resulting in
> 10%{20} /cm”2 of H2 at temperatures > 100 K., sufficient for detection with
Spitzer IRS. The warm H2 is plausibly located outside the region traced by
carbon monoxide, thus forming a layer between the atomic hydrogen halo and the
cooler molecular gas. We propose to carry out observations of three areas in the
Taurus molecular cloud complex, including several boundaries demarcated in a
carbon monoxide study of this region. Both the morphology and the kinematics of
the 12CO and 13CO data indicate that the cloud edges are highly structured. By
observing strips containing 11 pointings spaced over ~ 30’ with the LL1, LL2,
and SL1 configurations of the IRS, we can observe the 4 lowest rotational
transitions of H2 from within the bulk of the cloud, through the boundary, and
beyond the cloud limits. We anticipate likely detection of the lowest [S(0); 28
micron] transition of para-H2, plausibly the lowest [S(1l); 17 micron] transition
of ortho-H2, and possibly the next higher transitions of each species. The
critical point is that the relative intensities of the higher-J transitions are
very sensitive to temperature, and thus are superb probes of heating above that
predicted by "quiescent cloud" models. We thus feel that these Spitzer
observations will make a very significant contribution to our understanding of
molecular cloud structure and evolution.

Spitzer Space Telescope — General Observer Proposal #20146

Probing the Diffuse Interstellar Extinction Curve in the Spitzer Infrared

Principal Investigator: Karl Gordon
Institution: The University of Arizona

Technical Contact: Karl Gordon, The University of Arizona

Co-Investigators:

Karl Misselt, Univ. of Arizona

JD Smith, Univ. of Arizona

George Rieke, Univ. of Arizona

Geoff Clayton, Louisiana State Univ.
Yvonne Pendleton, NASA/Ames

Doug Whittet, Rensselaer Polytechnic Inst.
Ted Snow, Univ. of Colorado

Science Category: ISM
Observing Modes: IracMap IrsPeakupImage IrsStare MipsPhot
Hours Approved: 28.0

Abstract:

We propose to observe a sample of hot, reddened stars and closely matched
comparison stars in order to measure the wavelength dependence of the diffuse
interstellar extinction curve from 3-38 micron as a function of environment.
These observations will be used to directly probe the dust and extend the
empirical relationship found by Cardelli, Clayton, & Mathis (1989, CCM) into the
Spitzer infrared. We will use IRS spectra from 5-38 microns, IRAC 3-8 micron,
IRS blue peakup, and MIPS 24 micron photometry to ensure accurate photometric
calibration. The extinction curves created from these data will represent the
first accurate measurement of the extinction between 5 and 38 microns for along
lines of sight which probe dust in the diffuse interstellar medium. A unique and
valuable aspect of the proposed research will be the direct measurement of
extinction from the UV to the far-IR in the same lines of sight enabling the
extension of the empirical CCM relationship into the Spitzer infrared. In
addition, dust parameters derived from these extinction curves will be far
better constrained than in previous studies where the ultraviolet through
near—IR extinction and mid-IR extinction curves were taken from different
sightlines with different environmental conditions. The accurate measurement of
the infrared extinction will provide valuable constraints on dust grain
materials, both from prominent feature (eg.,10 micron silicate feature) and
continuum extinction measurements as a function of environment [eg. R(V)]. The
extension of the CCM relationship into the mid-infrared will undoubtedly be of
use in many other Spitzer programs.
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Spitzer Space Telescope — General Observer Proposal #40154

Probing Dust Grains Emissions in High Latitude Molecular Clouds

Principal Investigator: Karl Gordon
Institution: University of Arizona

Technical Contact: Karl Gordon, University of Arizona

Co-Investigators:

Adolf Witt, University of Toledo

Uma Vijh, Space Telescope Science Institute
Karl Misselt, University of Arizona

Steve Mandel, Hidden Valley Obs.

Science Category: ISM
Observing Modes: IracMap MipsScan
Hours Approved: 19.7

Abstract:

We are proposing to image two high latitude molecular clouds (HLMCs) with IRAC
and MIPS to probe the changes with environment in the size distributions of dust
grains responsible for dust emissions in the optical, infrared, and radio. The
IRAC and MIPS images will probe the thermal emission from small and large grains
(MIPS 70 & 160 micron), non-equilibrium emission from very small grains (IRAC &
MIPS 24 micron), and mid-infrared PAH emission (IRAC 3.6 & 8.0 micron).

Existing and planned medium-band optical observations will probe optical
luminescence emission (Blue Photoluminescence and Extended Red Emission).
Planned radio observations at 30 GHz will probe emission from spinning very
small grains and PAHs. The combination of these datasets will provide strong
constraints on dust grain models, especially on the mechanisms and rates for the
changes of the grain size distribution through coagulation and fragmentation
that occur in regions of varying gas and radiation densities.

Spitzer Space Telescope — General Observer Proposal #3234

Initial conditions of star formation: the clouds created around the expanding W4
supernova remnant

Principal Investigator: Jane Greaves
Institution: University of St Andrews

Technical Contact: Jane Greaves, University of St Andrews

Co-Investigators:
Ian Bonnell, University of St Andrews

Science Category: ISM
Observing Modes: MipsScan
Hours Approved: 6.0

Abstract:

The initial conditions for star formation in our Galaxy are difficult to
establish. We seek to address this problem by imaging an archetypal region where
new clouds are forming, around the periphery of the expanding supernova remnant
W4. A 2-by-2 degree map with MIPS at 24 microns will reveal the structure of
these clouds and their cores at unprecedented detail, with uniform imaging of
scales of 0.1 up to 10 pc. A clump mass function will be constructed using
temperature constraints from longer-wavelength data. This information on mass
distribution and structure will then be compared to the results of our
simulations of supernova impacts on the interstellar medium. Hence, the dominant
forces on pre-star—-forming clouds can be deduced.
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Spitzer Space Telescope — Theoretical Research Proposal #50565

Identification of PAHs in Spitzer/IRS Spectra of the Icy Environments of YSOs:
A Laboratory Study of PAHs embedded in H20 and D20 Ices

Principal Investigator: Satyanarayana Gudipati
Institution: Jet Propulsion Laboratory

Technical Contact: Satyanarayana Gudipati, Jet Propulsion Laboratory

Co-Investigators:

Michael Werner, Jet Propulsion Laboratory

Louis Allamandola, NASA Ames Research Center

Karl Stapelfeldt, Jet Propulsion Laboratory

Adwin Boogert, California Institute of Technology/IPAC

Science Category: ISM
Dollars Approved: 125000.0

Abstract:

Ices are the main reservoir of volatiles in dense clouds and the envelopes and
disks surrounding Young Stellar Objects (¥SOs). It is expected that the
universally observed Polycyclic Hydrocarbon molecules (PAHs) freeze out on these
ice grains. Laboratory experiments have shown that processing of these ices
forms species of astrobiological interest. Spitzer/IRS spectra of over 40 YSOs
have been analyzed to find several unassigned spectral features that may be due
to PAHs embedded in H20 ices [Boogert et al. 2007]. However, lack of
quantitative spectral data such as line widths, band shapes and absolute band
depths for neutral and ionized PAHs in H20 ices hindered further identification.
Recently we have shown that ionized PAHs are stable in astrophysical ices
[Gudipati and Allamandola, 2004]. Bernstein et al. [2007] have measured spectra
of neutral and ionized PAHs in H20 ices, covering only a narrow spectral region
(7-10 microns), omitting the strong 6.2 and 11.3 micron bands essential to
analyze the Spitzer/IRS spectra and the 3.3 micron band in complementary
ground-based spectra. In order to quantify the PAH content, absolute band depths
are needed, which were missing in this publication. We propose to extend the
measurements of Bernstein et al. to derive quantitative laboratory mid-infrared
(2.5-50 microns, including the Spitzer/IRS spectral range of 52?38 microns) data
such as absolute line strengths, positions and widths of neutral and ionized
PAHs in H20 and D20 ices. PAH spectra will be deconvolved from the ice-host
spectra in the low-extinction regions of the H20 and D20 hosts. A range of PAH
sizes will be used, one PAH at a time, embedded in the ice. The influence of CO2
on the PAH bands will also be quantified. These laboratory data will then be
used to fit the unidentified features of already processed Spitzer/IRS data of
icy mantles of over 40 YSOs and of spectra of background stars tracing quiescent
cloud material covered in numerous legacy, GTO, and GO programs.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #19

SIRTF Observations of the Mid IR Features in Reflection Nebulae

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Michael Werner, JPL

Science Category: ISM
Observing Modes: IracMap IrsStare MipsScan MipsSed
Hours Approved: 21.5

Abstract:

Reflection nebulae (RN) are valuable tools for the study of the interstellar
infrared emission features (IEFs) (at 3.3, 6.2, 7.7, 8.6, 11.3 and 12.7
microns). The localized heating of an interstellar cloud by a nearby, optically
visible star allows us to study the IEFs over varying excitation conditions by
observing reflection nebulae illuminated by stars of different effective
temperature. We will use a combination of MIPS, IRAC and the IRS to observe the
IEFs in seven reflection nebulae with two major scientific approaches: (1) use
the unprecedented sensitivity of SIRTF to detect and characterize IEF emission
toward RN (vdb 47, 101 and 135) with very low illuminating stellar temperatures
(and thus low UV to total flux ratios), which tests the various
carrier/excitation models of the IEFs, in particular the PAH models which
require high energy UV photons for excitation; and (2) obtain both the highest
quality images and most complete wavelength-coverage spectra of the IEFs to
date, by observing a sample of relatively bright RN (vdb 17, 52, 133, and 139).
For both approaches, MIPS (24, 70, 160 microns) will be used to map the mid-IR
emission and characterize the far—-IR color temperature around the nebulae. IRAC
will be used to map the distribution of IEF emission in the nebulae and to
pinpoint the brightest emission spots for observation by the IRS. The IRS will
provide spectra spanning from 5 to 40 microns, with lower spectral resolution of
60 at lambda < 10 microns, and higher spectral resolution (600) at lambda > 10
microns.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30951

Attorocks illuminated by K Giants

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Bill Forrest, University of Rochester

Co-Investigators:
William Forrest, University of Rochester
Aigen Li, University of Missouri-Columbia

Science Category: ISM
Observing Modes: IrsMap IrsStare
Hours Approved: 0.6

Abstract:

The IRS observations of ~ 100 ’'debris’ disks (Chen et al.\\ 2006) showed that
many of the objects further than 100 pc distant were extended in LL or LH. This
is incompatible with a debris disk and, rather, indicates the IR excess comes
from interstellar medium (ISM) dust illuminated by a star (the ‘‘Pleiades
effect’’). This extended emission is interesting in its own right. The spectra
often show clear evidence for the 20 microns silicate emission feature (Figure
1). The temperature indicated is quite high, typically 110 K. Equilibrium
calculations indicate that classical silicate grains, of radius 0.1 microns,
would not be nearly this hot. If the grains are ultra small (i.e. 0.01 microns
radius, 10 attogram mass), the superheat would be enough to explain this
phenomenon. At that size, one must also consider single-photon stochastic
heating.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40342

IRS Mapping of Attorocks

Principal Investigator: James Houck
Institution: Cornell University

Technical Contact: James Houck, Cornell University

Co-Investigators:

William Forrest, University of Rochester

Dan Watson, University of Rochester

Aigen Li, University of Missouri

Greg Sloan, Cornell University

Nuria Calvet, University of Michigan

Paola d’Alessio, UNAM

Lee Hartmann, University of Michigan

Jesus Hernandez, University of Michigan

Elise Furlan, University of California at Los Angeles
Luke Keller, Ithaca College

Joan Najita, NOAO

Christine Chen, NOAO

Ciska Markwick-Kemper, University of Manchester
Mike Jura, University of California at Los Angeles
Tom Megeath, University of Toledo

Lori Allen, CfA

Judy Pipher, University of Rochester

Kevin Luhman, Penn State U.

Giovanni Fazio, CfA

James Muzerolle, University of Arizona

Kevin Flaherty, University of Arizona

George Rieke, University of Arizona

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 1.5

Abstract:

IRS 14-38 um spectra have provided strong evidence for extremely small silicate
dust grains in the vicinity of B-type field stars. The signature of these very
small (less than 1 attogram) rocks is an unusually high temperature, given their
projected distance from the exciting star. We presently have l-dimensional
images (i.e. along the LL slit) of these attorock clouds. This data indicates a
temperature which is independent of projected distance from the exciting star.
This is one of the key signatures of stochastic heating by single photons. If
stochastic heating, rather than equilibrium heating, is at play, then the
precise size of the dust grains can be deduced from detailed modeling. We
propose to make a 50x200 arcsecond map of the attorock clouds around the three
most prominent attorock sources. We will convert this, via our modeling, to a
map of silicate dust temperature, which will definitively confirm (or deny)
stochastic heating. In addition, we propose to get SL data at the position 20" W
of HR 1415, where we have the strongest evidence for attorocks, to look
carefully for any PAH emission, which is surprisingly absent in the SL data we
do have, i.e. along the SL slit perpendicular to the LL slit.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #4

Shedding light on Unusual Sources near the Galactic Center

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Keven Uchida, Cornell University

Science Category: ISM
Observing Modes: IrsStare MipsScan
Hours Approved: 3.3

Abstract:

The Galactic center contains a number of unusual structures that manifest the
physical extremes of the interstellar medium there. We use SIRTF to elucidate
the physical conditions in several of these structures. The first is AFGL 5376,
a remarkably bright and extended 25-micron source which appears to be a
well-defined, large-scale, vertical shock associated with a radio continuum
structure, the Galactic Center Lobe. We will detail the MIR structure and the
spatial variation of the mid-infrared dust and ionized gas features across this
object. The observations are intended to provide insights into both the shock
kinematics as well as the nature of the dust in the ISM near the Galactic
center. We also use the IRS to observe high excitation mid-IR atomic lines
toward two other high energy features that are also likely to have resulted from
activity unique to the Galactic center: Sgr AE and the radio "Streamers".
Finally, high resolution spectral line observations of the putative sites of
origin of the nonthermal radio filaments will provide constraints on the
illuminating mechanism of these spectacular linear magnetic field lines.

Spitzer Space Telescope — General Observer Proposal #40928
The Silicate-Extinction Relationship as a Tracer of Evolution of Dust in
Cores

Principal Investigator: Tracy Huard
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Tracy Huard, Smithsonian Astrophysical Observatory

Co-Investigators:

Klaus Pontoppidan, Caltech

Jeff Bary, University of Virginia

Jarron Leisenring, University of Virginia

Adwin Boogert, NOAO Gemini Science Center

Claudia Knez, University of Maryland

Jes Jorgensen, Smithsonian Astrophysical Observatory
Phil Myers, Smithsonian Astrophysical Observatory
Neal Evans, University of Texas at Austin

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 22.0

Abstract:

Spitzer IRS spectra of stars background to the dense regions of cores have been
used to determine the relationship between the silicate optical depth and
extinction. We have found that the dust within these cores is best characterized
by Av/tau(silicate) ~ 50 +/- 10, significantly different from previous studies
of dust in the diffuse ISM, which yield Av/tau(silicate) ~ 18.5 +/- 2. This
result suggests that significant grain growth has occurred in these cores and
the dust composition is different than that in the diffuse ISM. One starless

core has been well probed with IRS spectra of background stars, yielding
Av/tau(silicate) ~ 30 +/- 5. Our findings suggest that real core-to-core

variations may exist. In most cases, with only a couple lines of sight probed in

each core, the data are not sufficient to characterize these variations.
propose to obtain IRS spectra of a carefully selected sample of bright

background stars probing a wide range of extinction in each core, for a set of

cores, in order to better characterize this silicate—extinction relation
core-to-core variations. This relationship appears to be one of the most

sensitive tracers of grain properties, and with additional constraints from
supplementary 1-1000 micron observations, we investigate implications for grain

growth and evolution in these dense environments.

Dense

We

and any
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Spitzer Space Telescope — General Observer Proposal #20093

Heating and Cooling in the Translucent Interstellar Medium: Polycyclic Aromatic
Hydrocarbons in High Galactic Latitude Clouds

Principal Investigator: James Ingalls
Institution: California Institute of Technology

Technical Contact: James Ingalls, California Institute of Technology

Co-Investigators:
Thomas Bania, Boston University

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 15.8

Abstract:

We propose to use Spitzer to make the first systematic study of the emission
from unidentified infrared bands (UIBs) and [C II] in translucent clouds to
provide the missing key empirical information needed to understand the
energetics of translucent gas in the Milky Way. Current consensus ascribes the
UIB emission features at 3.3, 6.2, 7.7, 8.6, 11.3, and 12.7 microns to result
from fluorescent emission by PAH molecules excited by local FUV photons. If the
UIBs are indeed caused by PAHs, then their observation in high--latitude clouds,
coupled with existing measurements of [C II] and FIR emission will allow us to
make the first direct assessment of the relative importance of heating by both
large and small (PAH) grains. The sensitivity required to detect the UIBs in
translucent HLCs cannot be achieved with ground based assets on a reasonable
timescale, thus we wish to exploit the unprecedented sensitivity offered by the
InfraRed Spectrograph (IRS) to measure the 5--15 micron UIB features in
translucent clouds. To study the heating of HLCs systematically over a wide
range of translucent cloud conditions, we are proposing to observe 11 positions
out of 101 detected [C II] lines of sight in 4 HLCs. Our survey can be
accomplished using 11 unconstrained (i.e., independently scheduled) AORs, each
taking less than 1.5 hr.

Spitzer Space Telescope — General Observer Proposal #40207

Heating and Cooling in the Translucent ISM: PAHs and [C II] in High Galactic
Latitude Clouds

Principal Investigator: James Ingalls
Institution: Spitzer Science Center

Technical Contact: James Ingalls, Spitzer Science Center

Co-Investigators:
Thomas Bania, Institute for Astrophysical Research, Boston Unive

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 22.7

Abstract:

The systematic study of the emission from unidentified infrared bands (UIBs) and
[C II] in translucent clouds can provide the missing key empirical information
needed to understand the energetics of translucent gas in the Milky Way.

Current consensus ascribes the UIB emission features at 3.3, 6.2, 7.7, 8.6,
11.3, and 12.7 microns to fluorescent emission from PAH molecules excited by
local FUV photons. Thus observation of the UIBs in high Galactic latitude
molecular clouds (HLCs) coupled with existing measurements of [C II] and FIR
emission, allow us to make a direct assessment of the relative importance of
heating by both large and small (PAH) grains. In our GO-2 Spitzer program 20093,
we detected the faintest PAH emission spectra in Galactic clouds to date,
demonstrating the unique capabilities of the Spitzer IRS to spectrally image
low—extinction regions. The derived PAH band strength in our HLC sample is
linearly correlated with [C II ] integrated intensity. The 7.7/11.3 micron
intensity ratio, which is related to the PAH ionization fraction, appears to be
inversely proportional to [C II]. Unfortunately the large scatter and paucity of
data points in key regions of [C II]-space makes this potentially groundbreaking
result difficult to establish reliably. The proposed IRS Short-Low observations
will triple the sample size of HLC positions with both UIB and [C II]
measurements from 11 to 33 lines of sight, with only a 1.4-fold increase in
observatory time over our GO-2 program. It will fill the gaps in [C II] coverage
in our UIB sample and greatly enhance the statistical significance of our
results. Our ultimate goal is to clarify the relationship between PAH ionization
fraction, which crucially affects gas heating, and [C II] intensity, which
measures gas cooling. This research can dramatically improve our understanding
of the most important processes that govern the thermal properties of ISM gas in
low—extinction environments.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #491

Molecular Hydrogen Emission from Galaxies: The Cirrus Connection

Principal Investigator: James Ingalls
Institution: Spitzer Science Center

Technical Contact: James Ingalls, Spitzer Science Center

Co-Investigators:

Thomas Bania IAR, Boston University, bania@bu.edu

Francois Boulanger, IAS, Universite Paris—Sud

Bruce Draine, DAS, Princeton University

Edith Falgarone, CNRS, Ecole Normale Superiure & L’Observatoire de Paris
Pierre Hily-Blant, Lab. d’Astrophysique, L’Observatoire de Grenoble

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 5.3

Abstract:

Are cirrus clouds a major source of molecular hydrogen emission in normal
Galaxies? This question caused a considerable debate during the 2007 Spitzer
Conference. After the end of the cryogenic Spitzer mission, no existing or
planned observatory will be capable of answering it for the known future. To
remedy this, we propose a set of Spitzer IRS (LL) pointings to observe the two
lowest-lying S(0) (28.2 micron) and S(1) (17.0 micron) pure-rotational

transitions of H2 towards 4 translucent ’‘cirrus’ positions in DC1ld 300.2-16.9, a

known source of excited H2. Two of us unexpectedly discovered H2 S(2) emission
at 12.3 microns in this cloud as part of our Spitzer GO program to study the
5-15 micron PAH spectrum. Relative to the integrated PAH flux at 7.9 microns,
the S(2) flux in our cloud is higher by a factor of about 6 than the S(2) flux
in non-active SINGS galaxies. One hypothesis currently in favor argues that H2
emission from the disks of galaxies results from fluorescent excitation by UV
photons in dense photodissociation regions with high radiation fluxes. Clearly
this cannot be the case for DCld 300.2-16.9, since the UV flux incident on the
cloud cannot be greater than the average interstellar value. Yet this cirrus
cloud is more efficient at exciting the S(2) transition into emission than the
central disks of entire galaxies! A competing scenario is that the H2 rotational
lines are excited by collisions in warm pockets of gas where turbulence
dissipates. A full understanding of the excitation mechanism responsible for our
H2 lines is impossible without measuring the lowest transitions on the
rotational ladder. Such observations would also allow us to tally the total
energy expended via the rotational transitions, which we can compare with
available CII and FIR measurements, both of which are the result of UV heating;
as well as planned CO measurements, which trace the turbulent velocity field.

We are requesting 5.3 hours to observe 4 positions using Long Low staring mode.

Spitzer Space Telescope — General Observer Proposal #30174

The Vela X-1 and alpha Cam Bow Shocks as Probes of the Interstellar Medium

Principal Investigator: Rosina Iping
Institution: the Catholic University of America

Technical Contact: Rosina Iping, the Catholic University of America

Co-Investigators:
Lex Kaper, University of Amsterdam
George Sonneborn, NASA'’s GSFC

Science Category: ISM
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 4.2

Abstract:

Bow shocks provide a way to probe their energetic environments and reveal
properties of both the stellar wind and the ambient interstellar medium. We
propose Spitzer IRS spectroscopy and IRAC and MIPS imaging to determine the dust
characteristics and spatial variations and resolve filaments within the bow
shocks of Vela X-land alpha Cam. The presence of a bow shock indicates that the
system has a high (supersonic) velocity with respect to the interstellar medium,
in the process of which dust and gas is accumulated. The strong UV and X-ray
radiation fields from the OB stars heat the dust and emission features are
expected. The proposed observations, combined with multiwavelength data will
permit us to determine hot and cold dust components, their spatial variations,
and constrain the physical conditions in the shock interaction regions. The IR
forbidden emission lines will determine the ionization structure of the shocked
regions.
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Spitzer Space Telescope — General Observer Proposal #20276

Key Atomic Species in the Chemistry of Molecular Outflows

Principal Investigator: Izaskun Jimenez-Serra
Institution: Instituto de Estructura de la Materia, CSIC

Technical Contact: Izaskun Jimenez-Serra, CSIC

Co-Investigators:

Jesus Martin-Pintado, IEM-CSIC
Arturo Rodriguez-Franco, IEM-CSIC
Jose Cernicharo, IEM-CSIC

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 1.3

Abstract:

We propose to use the unmatched sensitivity of the IRS spectrograph of Spitzer
to measure the abundances of key atoms found in young molecular outflows. The
Mid-IR window contains the fine structure lines of SI, SiII, NeII and FeI which
are fundamental to understand the Sulphur and the Silicon chemistry in shocks
and to establish the presence of J-type shocks and their radiative precursors.
The detection of large abundance of Sulphur in the very young molecular outflows
where the shock precursors have been recently detected will clearly show that
atomic Sulphur is ejected from the grains and drives the very rich sulphur
chemistry observed in outflows. We stress that IRS onboard of Spitzer is the
only instrument capable of detecting the key atoms to understand the nature of
the shocks (C- and J-types) and the shock chemistry in molecular outflows.

Spitzer Space Telescope — General Observer Proposal #40898

Physical evolution of Very Small Grains: excitation and processing in extreme
environments

Principal Investigator: Christine Joblin
Institution: Centre d’Etudes Spatiale des Rayonnements

Technical Contact: Alain Abergel, Institut d’Astrophysique Spatiale

Co-Investigators:

Alain Abergel, IAS

Jean Phillipe Bernard, CESR

Olivier Berne, CESR

Francois Boulanger, IAS

Mathieu Compiegne, IAS

Asuncion Fuente, OAN

Carsten Kramer, Cologne University

Frank Le Petit, LUTH

Bhaswati Mookerjea, University of Maryland
William Reach, SSC

Mathias Rapacioli, Dresden Technishe Universitat
Markus Roellig, Cologne University

Robert Simon, Cologne University

Aude Simon, CESR

Science Category: ISM
Observing Modes: IrsMap IrsStare MipsSed
Hours Approved: 16.3

Abstract:

The nature of the dust population called the Very Small Grains (VSGs) is still
poorly known. Recent studies show that they contain aromatic nanograins which
could be PAH clusters, In this program, we aim at constraining the nature and
size distribution of VSGs by studying their physical and chemical evolution from
their initial exposure to UV radiation to their destruction in harsh UV
irradiation conditions. We will use IRS in spectral mapping mode and MIPS in SED
mode to study the shock-induced PDR in HH2, four extended HII regions and their
interface to the Molecular cloud (Horsehead, Rosette, Carina-S, CepB-N) sampling
different excitation conditions in terms of UV photon intensity and hardness.
Finally we will observe the UC HII region MonR2 where extreme irradiation is
prevailing. The analysis of the data will be performed by a very
interdisciplinary team gathering observational, signal processing, theoretical,
experimental and modelling skills to study the photophysics and chemistry of
carbonaceous macromolecules and nanograins in interstellar space.
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Spitzer Space Telescope — General Observer Proposal #50146

UV processing of ices across the Rosette molecular cloud

Principal Investigator: Jacqueline Keane
Institution: Institute for Astronomy, University of Hawaii

Technical Contact: Jacqueline Keane, IfA, University of Hawaii

Co-Investigators:

Jonathan Williams, Insititute for Astronomy, Hawaii
Edwin Bergin, University of Michigan

Elizabeth Lada, University of Florida

Ian Bonnell, University of St. Andrews

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 9.6

Abstract:

During star—-formation, materials in the general cloud medium are subjected to
numerous chemical and physical processes that are driven mostly by thermal and
energetic radiation. In part because of Spitzer, significant progress has been
made towards understanding the various effects of these radiation processes on
the ices and organics as they form and cycle through the dense and diffuse
regions of molecular clouds and subsequently become incorporated into
(proto)stellar environments (i.e planets, comets, etc.). However, to date the
majority of the focus has been directed at clouds (such as Taurus—Auriga) that
are NOT analogous to the molecular cloud from which the solar nebula originated.
Rather, the Sun formed in a high mass star—-forming cloud where a number of
supernova events occurred, resulting in intense UV radiation throughout the
cloud complex, such as the Rosette Nebula. We propose to take low resolution
spectra from 5 to 22 microns along the line of sight toward 13 sources in 8
embedded clusters in the Rosette molecular cloud. The clusters are all deeply
embedded, indicative of a similar formation time but have a range of
luminosities and are spread out across the cloud at different distances from the
neighboring HII region, NGC 2244. We will also take high resolution spectra from
10 to 20 microns toward the 5 brightest and most embedded sources to examine the
CO_2 line profile in detail. This will allow us to determine the mixture of
different ices and thereby the temperature and radiation processing history in
each region. These observations will reveal how the ice composition in each
cluster envelope varies with environment, both locally from the embedded sources
and globally due to the heating and UV radiation from NGC 2244. Differences in
gas phase chemistry have already been observed at millimeter wavelengths and we
will use these mid-infrared data to obtain a more complete picture of the
chemistry.

Spitzer Space Telescope — Directors Discretionary Time Proposal #1094

The composition and evolution of dust in astrophysical environments

Principal Investigator: Francisca Kemper
Institution: University of California, Los Angeles

Technical Contact: Francisca Markwick-Kemper, UCLA

Science Category: ISM
Observing Modes: IracMap IrsMap IrsStare MipsPhot
Hours Approved: 16.0

Abstract:

Dust is produced in the circumstellar environments of evolved stars and then
ejected by a stellar wind into the surrounding interstellar medium (ISM). Here,
it may reside for a long time (> 10”9 years) before it ends up in a molecular
cloud where star formation takes place. When a star is formed, in many cases a
dusty disk remains from which a planetary system may form as well. Both within
the ISM and in the winds from cool stars, about half of the matter heavier than
helium is contained within solid particles. Therefore, dust is an important
tracer of the physical conditions in astrophysical environments. By measuring
the composition of the dust grains we can study the formation and processing of
the material, and thus derive a record of the physical circumstances. As we
understand better the physics of dust in our own Galaxy, we will be better able
to use infrared studies of other galaxies to learn about their history and use
this knowledge to interpret dusty systems at high redshift. I will work on the
formation and evolution of dust in the Galaxy and the Magellanic Clouds. From
previous studies performed with IRAS, the Kuiper Airborne Observatory (KAO), and
the Infrared Space Observatory (ISO), we have learned that the composition of
interstellar dust is very different from that of circumstellar dust. I plan to
pursue a vigorous observational program which uses the unique capabilities of
SIRTF to quantitatively investigate the life cycle of dust in the Milky Way and
the Magellanic Clouds. I propose to determine the composition of the dust in
various astrophysical environments using the spectroscopy modes offered on
SIRTF, in order to study the formation and processing of the identified dust
species. For this purpose the spectrographic data will be compared to optical
constants of astrophysically relevant minerals, derived from laboratory
measurements.
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Spitzer Space Telescope — General Observer Proposal #3490

Investigation of Red Emission from Interstellar Dust Clouds

Principal Investigator: Gillian Knapp
Institution: Princeton University

Technical Contact: Gillian Knapp, Princeton University

Co-Investigators:

Douglas Finkbeiner, Princeton University

David Schlegel, Princeton University

Peregrine McGehee, New Mexico State University

Science Category: ISM
Observing Modes: IracMap
Hours Approved: 3.1

Abstract:

SDSS r, i and z maps of the Taurus dust clouds show that, unlike dust clouds
seen in several other regions of sky, these clouds glow in the z band. We
propose to make maps at all four IRAC bands of an approximately ldegreexldegree
region of the Taurus clouds chosen to show a lot of structure in the red
emission and a similar map of a region in the Orion dust clouds which does not
show this emission. We hope, by combining and modeling these maps, to
investigate the mechanism which produces the red glow and whether it is due to
solid-state emission features from small grains.

Spitzer Space Telescope — General Observer Proposal #40580

A systematic study of ice and dust properties in large clouds and their relation
to star formation activity

Principal Investigator: Claudia Knez
Institution: University of Maryland, College Park

Technical Contact: Claudia Knez, University of Maryland, College Park

Co-Investigators:

Jean Chiar, SETI Institute

Lee Mundy, University of Maryland
Adwin Boogert, AURA/NOAO-South

Yvonne Pendleton, NASA Ames

Alexander Tielens, NASA Ames

Ewine van Dishoeck, Leiden University

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 40.1

Abstract:

We propose to obtain 5-38 micron IRS spectra toward 88 background stars toward
three molecular clouds to trace the evolution of ice and dust properties from
edges of the clouds to the dense cores. Previous studies have shown there are
differences in ice and dust content between clouds and within the same cloud.

To determine how star formation activity affects these variations, we plan to
study systematically three clouds with differing level of star formation
activity: Serpens Cloud Core (high activity), Perseus Cloud (intermediate
activity) and Lupus (low activity). The sources were selected to probe different
ranges of visual extinction as well as different locations within the clouds.
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Spitzer Space Telescope — General Observer Proposal #50495

Spitzer Spectroscopy of the Mysterious Infrared Source IRAS 15099-5856

Principal Investigator: Bon-Chul Koo
Institution: Seoul National University

Technical Contact: Bon-Chul Koo, Seoul National University

Co-Investigators:

Dae-Sik Moon, University of Toronto
Myungshin Im, Seoul National University
Jae—Joon Lee, Penn State University
Woong—Seob Jeong, ISAS/JAXA

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 0.6

Abstract:

We have recently discovered a mysterious, bright mid-infrared object in the
Galactic plane using the Infrared Camera aborad AKARI satellite. This object,
IRAS 15099-5856, is composed of a bright central compact source, knots and spurs
surrounding it, and several extended arc-like filaments. The SED of the central
compact source increases steeply from 10 to 25 um with a spectral index of -6.5,
and remains flat at 30 Jy to 90 um. The source does not have a counterpart in
other wave bands except two possible candidates of 19th Ks-mag point sources.

We can think of post-AGB stars with thick envelope, highly-embedded class 0
protostars, or infrared-luminous galaxies, but none of them seems to explain the
observed mid-infrared properties. IRAS 15099-5856 can potentially be a unique
source of a new class. In order to unveil the hidden mysterious nature of the
object, we propose to carry out Spitzer IRS observations. We ask 0.55 hrs of
total observing time.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #94

Search for Low-Luminosity YSOs and Measurement of Infrared Extinction in Dark
Clouds and Bok Globules

Principal Investigator: Charles Lawrence
Institution: JPL

Technical Contact: Jocelyn Keene, JPL

Science Category: ISM
Observing Modes: IracMap
Hours Approved: 23.4

Abstract:

This project is a survey of 50 Bok Globules and 2 dark clouds at IRAC
wavelengths searching for embedded very low luminosity YSOs. With these data we
will also derive extinction profiles of the globules. Comparisons to 2MASS
observations will enable extension of the near-infrared extinction curve to 8
microns under a varity of density conditions. Comparisons with MIPS maps of the
same sources, from a separate projects, will allow a derivation of the
far-infrared dust emissivity.
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Spitzer Space Telescope — General Observer Proposal #20420

Spitzer Observations of the Molecular Cloud toward HD 62542: A Sightline with
Exceedingly Anomalous 2175 Angstrom Extinction Bump

Principal Investigator: Aigen Li
Institution: University of Missouri-Columbia

Technical Contact: Aigen Li, University of Missouri-Columbia

Co-Investigators:

Karl Misselt, Steward Observatory, University of Arizona
J.D. Smith, Steward Observatory, University of Arizona
Bruce Draine, Princeton University

Zhong Wang, CfA-Harvard

Science Category: ISM
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 6.8

Abstract:

The 2175 Angstrom bump is the strongest spectroscopic interstellar extinction
feature. Its carrier remains unidentified 40 years after its first detection.
The molecular cloud toward HD 62542 is of special interest, because the
extinction toward HD 62542 exhibits an exceedingly anomalous 2175 Angstrom bump
—— extremely broad and weak and peaking at 2110 Angstrom, in marked contrast to
the near-invariant peak wavelength of 2175 Angstrom for most sightlines. We
propose to perform low-resolution IRS spectroscopic observations (from 5--40
micron in both SL and LL modes), IRAC 3.5, 4.5, 5.8, 8 micron and MIPS 24, 70
micron imaging observations of the HD 62542 cloud. These data, when combined
with existing extinction, polarization, and the 12, 25, 60, and 100 micron IRAS
broadband photometry data, will allow us (1) to quantitatively constrain the
properties of the dust in this cloud and in particular, those of the ultrasmall
grains (e.g. PAHs); (2) to test the silicate/graphite-PAH model developed for
the Milky Way diffuse interstellar medium and shown successful when applied to
reflection nebulae and other galaxies; (3) to test the PAH model as the carrier
of the 2175 Angstrom interstellar extinction hump; (4) to study the dust
properties in relation to the interstellar environment.

Spitzer Space Telescope — Theoretical Research Proposal #30199

Modeling the Destruction and Survival of PAHs in Astrophysical Regions: from
Low—-metallicity Galaxies to Elliptical Galaxies and Galactic Halos

Principal Investigator: Aigen Li
Institution: University of Missouri-Columbia

Technical Contact: Aigen Li, University of Missouri-Columbia

Science Category: ISM
Dollars Approved: 82798.0

Abstract:

The 3.3, 6.2, 7.7, 8.6 and 11.3 micron emission features of polycyclic aromatic
hydrocarbon (PAH) molecules have been seen in a wide variety of Galactic and
extragalactic objects. However, the PAH features are weak or absent in
low-metallicity galaxies and AGN, as generally interpreted as the destruction of
PAHs by hard UV photons in metal-poor galaxies or by extreme UV and soft X-ray
photons in AGN. On the other hand, the PAH emission features have recently been
detected in elliptical galaxies, tidal dwarf galaxies, galaxy halos, and distant
galaxies at redshift >=2. However, it is not clear how PAHs can survive in
elliptical galaxies containing X-ray emitting hot gas where PAHs are expected to
be easily destroyed through sputtering by hot plasma ions. It is also not clear
how PAHs get ‘‘levitated’’ and survive from galactic plane to galaxy halo where
the physical conditions are similar to those of elliptical galaxies. We propose
to study the destruction of PAHs (1) by UV photons in low-metallicity galaxies,
(2) by extreme UV and X-ray photons in AGN, (3) by intense UV radiation in
regions with strong star-forming activities, and (4) through sputtering by
plasma ions in hot gas. This will allow us, by the first time, to quantitatively
investigate the deficiency or lack of PAHs in AGN and low-metallicity galaxies,
as well as the survivability of PAHs in elliptical galaxies, galaxy halo, and
superwind, and the method of using the IRAC 8 micron photometry as a tracer of
star formation rates. This program will create a web-based ‘‘library’’ of the
destruction rates of PAHs by UV and X-ray photons as a function of size,
intensity and hardness of the radiation field, and the sputtering rates of PAHs
by plasma ions as a function of size, gas density and temperature. This library
will be made publicly available to the astronomical community by May 2007 on the
internet at http://www.missouri.edu/~lia/.
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Spitzer Space Telescope — General Observer Proposal #3669

Spitzer Observations of the High-Latitude Translucent Cloud toward HD 210121: A
Sightline with Exceedingly Anomalous Ultraviolet Interstellar Extinction

Principal Investigator: Aigen Li
Institution: University of Missouri-Columbia

Technical Contact: JD Smith, University of Arizona

Co-Investigators:

JD Smith, Steward Observatory, University of Arizona
Bruce Draine, Princeton University

Karl Misselt, Steward Observatory, University of Arizona

Science Category: ISM
Observing Modes: IrsMap MipsPhot
Hours Approved: 6.2

Abstract:

The dust content in the high—galactic latitude translucent molecular cloud
toward HD 210121 is of special interest. This is because the extinction curve of
this sightline exhibits a far—-ultraviolet rise that is among the steepest ever
observed and has an exceptionally small total-to-selective extinction ratio (R_V
= 2.1). We propose to perform low-resolution IRS spectroscopic observations
(from 5--40 micron in both SL and LL modes) and MIPS 24, 70 and 160 micron
imaging observations of the HD 210121 cloud. These data, when combined with
existing extinction, polarization, and the 12, 25, 60, and 100 micron IRAS
broadband photometry data, will allow us (1) to quantitatively constrain the
properties of the dust in this cloud and in particular, those of the ultrasmall
grains (e.g. PAHs); (2) to test the silicate/graphite-PAH model developed for
the Milky Way diffuse interstellar medium and shown successful when applied to
reflection nebulae and other galaxies; (3) to test the PAH model as the carrier
of the 2175 Angstrom interstellar extinction hump which remains unidentified for
39 years since its first discovery; (4) to study the dust properties in relation
to the interstellar environment.

Spitzer Space Telescope — Theoretical Research Proposal #40674

Modeling the Infrared Emission Spectra of Specific PAH Molecules in Interstellar
Space

Principal Investigator: Aigen Li
Institution: University of Missouri, Columbia

Technical Contact: Aigen Li, University of Missouri, Columbia

Science Category: ISM
Dollars Approved: 87146.0

Abstract:

The 3.3, 6.2, 7.7, 8.6 and 11.3 micron emission features ubiquitously seen in a
wide variety of Galactic and extragalactic objects, are generally attributed to
polycyclic aromatic hydrocarbon (PAH) molecules. Although the PAH hypothesis is
quite successful in explaining the general pattern of the observed emission
spectra, so far there is no actual precise identification of a single specific
PAH molecule in interstellar space. Therefore, when modeling the observed PAH
emission spectra, astronomers usually take an empirical approach by constructing
"astro-PAHs" which do not represent any specific material, but approximate the
actual absorption properties of the PAH mixture in astrophysical regions. We
propose a Spitzer Theory Program to study the photoexcitation of specific PAH
molecules and their ions in interstellar space, taking a statistical-mechanical
(instead of thermal) approach. For most of the specific PAH molecules selected
for this research (with a small number of vibrational degrees of freedom),
thermal approximation is not valid. Using available laboratory and
quantum-chemical data (e.g. vibrational frequencies, UV/visible/IR absorption
cross sections), we will calculate the emission spectra of 21 representative
specific PAH molecules and their ions, ranging from naphthalene to
circumcoronene, illuminated by interstellar radiation fields of a wide range of
intensities. This program will create a web-based "library" of the emission
spectra of 21 specific PAH molecules and their ions as a function of starlight
intensities. This "library" will be made publicly available by October 2008 on
the internet at http://www.missouri.edu/~lia/. By comparing observed PAH spectra
with model spectra produced by co-adding the emission spectra of different PAH
molecules available in this "library" (with different weights for different
species), one will be able to estimate the total PAH mass and relative
abundances of each PAH species, using real PAH properties.
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Spitzer Space Telescope — General Observer Proposal #30382

Star Formation and Structure in two High-Latitude Molecular Clouds

Principal Investigator: Loris Magnani
Institution: University of Georgia

Technical Contact: William Reach, Caltech

Co-Investigators:

William Reach, SSC/Caltech

James Ingalls, SSC/Caltech

Thomas Hearty, JPL/Caltech

Doug Finkbeiner, Princeton University

Science Category: ISM
Observing Modes: IracMap MipsScan
Hours Approved: 20.4

Abstract:

We propose to use the Spitzer telescope to study the star formation history and
the turbulence characteristics of two high-latitude molecular clouds, MBM 12,
and G236+39. MBM 12 is a high-latitude molecular cloud at the translucent/dark
cloud boundary that is forming low-mass stars. The cloud G236+39 appears very
similar to MBM 12 on the IRAS 100 micron images, but is somewhat fainter, has
lower average gas column density and a lower visual extinction than MBM 12.
G236+39 is more typical of high-latitude clouds in that it is translucent and is
not known to be forming stars. By using MIPS and IRAC images, we propose to
identify all newly-formed stars in the molecular portions of the clouds,
determine the star formation efficiency of both clouds, and better constrain the
parameters of what types of translucent clouds can form stars and what types
will simply dissipate. In addition to determining the star—-forming capabilities
of both clouds, we will construct spatial power law spectra of surface
brightness to study the turbulence characteristics of the clouds.

Spitzer Space Telescope — General Observer Proposal #30459

Extinction and Emission by Grains in the Diffuse ISM

Principal Investigator: Derck Massa
Institution: SGT, Inc.

Technical Contact: Derck Massa, SGT, Inc.

Co-Investigators:
Edward Fitzpatrick, Villanova

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 6.1

Abstract:

We propose to obtain low resolution IRS short and long wavelength spectra of
both stars and diffuse PAH emission in a carefully selected sample of stars.
This sample is composed of stars with well determined UV extinction curves and
which are shown to lie beyond all of the extincting and emitting dust along
their lines of sight. The new observations are designed to provide IR extinction
curves and high quality PAH emission spectra for the program sight lines. Our
sample includes sight lines whose UV curve extinction curves exhibit a wide
range of curve morphology and which sample a variety of interstellar
environments. As a result, this unique sample will enable us to study the
connection between the extinction and emission properties of the grains and to
examine their response to different physical environments. We discuss how these
results will provide clues to the composition of interstellar grains and
facilitate the modeling of the grain populations along selected lines of sight.
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Spitzer Space Telescope — General Observer Proposal #20434

A Mid and Far—-Infrared Study of IC 405: PAH and Dust Emission in a Diverse
Enviroment

Principal Investigator: Stephan McCandliss
Institution: Johns Hopkins University
Technical Contact: Stephan McCandliss, Johns Hopkins University

Co-Investigators:
Kevin France, Johns Hopkins University

Science Category: ISM
Observing Modes: IracMap IrsMap MipsScan
Hours Approved: 3.3

Abstract:

IC 405 is a reflection/emission nebula recently ’’switched on’’ by the transit
of the runaway 09V star HD 34078. IC 405 has been shown to have a clumpy dust
distribution and a highly excited population of H_2. The clumpy dust
distribution is expected to produce highly anisotropic scattering of the stellar
far ultraviolet radiation field. We predict that variations in the intensity of
the UV radiation field will tend to destroy small PAH particles and H_2 in
isolated regions. This effect maybe manifest in the relative strength of the
8.6~$\\mu$m feature, presumably due to photodistruction or ionization of the
carrier. The clumpy nature of the gas and dust in IC 405 produces a high degree
of differential absorption of UV radiation within the nebula. Consequently, we
also expect the reradiated thermal infrared to exhibit temperature gradients.

We expect these gradients in PAH size distribution, H$_{2}$ column emission, and
dust temperature to be higher in IC 405 than in the well studied reflection
nebula NGC 7023 where the dust distributions and radiation field variations are
less clumped. We propose $Spitzer$ IRAC, IRS, and MIPS observations of IC 405,
to test the environmental dependence of PAH emission, look for correlation’s
between PAHs and fluorescent H$_{2}$, and create a detailed map of the dust
temperature of these regions.

Spitzer Space Telescope — General Observer Proposal #20797

Mapping the Structure of Dark Filaments in OMC 3 with the IRS

Principal Investigator: Tom Megeath
Institution: Harvard Smithsonian Center for Astrophysics

Technical Contact: Tom Megeath, Harvard, CfA

Co-Investigators:

Judy Pipher, University of Rochester

Dawn Peterson, University of Viriginia

Phil Myers, Harvard Smithsonian Center for Astrophysics
Di Li, Harvard Smithsonian Center for Astrophysics

Lori Allen, Harvard Smithsonian Center for Astrophysics

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 11.8

Abstract:

We propose a novel method for molecular clouds by measuring the attenuation of
an extended mid-IR nebula by a cold foreground cloud. Such nebula have a
characteristic spectrum with bright spectral features thought to arise from
polycyclic aromatic hydrocarbons. By measuring the variable attenuation of these
features by the cold dust cloud, and particular, the silicate absorption
feature, we can measure the column density through the filament. We will map
dark filaments in the Orion Molecular Cloud 3 regions, and use these to
understand the structure of the filaments and how they fragment into stars.
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Spitzer Space Telescope — General Observer Proposal #3423

The Structure and Evolution of Proto-Stellar Outflow Shocks

Principal Investigator: Gary Melnick
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Gary Melnick, Harvard-CfA

Co-Investigators:

Edwin Bergin, University of Michigan
William Forrest, University of Rochester
Michael Kaufman, San Jose State University
David Neufeld, Johns Hopkins University
Judith Pipher, University of Rochester

Dan Watson, University of Rochester

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 22.5

Abstract:

Outflows from young stellar objects are the most prominent signs of star
formation. Unfortunately, the connection between the strength of the ouflow and
the properties of the driving source is not fully understood, and remains an
area of intense study. Outflows also drive shocks that can significantly alter
the composition of the gas into which they propagate. However, the chemical
changes they induce are a sensitive function of the shock velocity and pre-shock
density. Because the IRS instrument provides access to a variety of low-lying
rotational lines of H2, ground-state rotational transitions of H20, and several
atomic and ionic fine-structure lines, it is particularly well-suited to study
these problems. Specifically, we propose to use the H2 S(0) through S(5) lines
to obtain the shock luminosity to compare with the mechanical luminosity and the
protostellar models of six well-studied outflow sources. Use of these mid-IR H2
lines greatly reduces the uncertainties in the derived luminosity resulting from
poorly known extinction corrections. Simultaneously, we propose to use the H2,
H20, [FeI], [SI], [FeII], and [SiII] lines in the IRS band to study the spatial
distribution of any fast dissociative and slower non-dissociative shocks that
may be present. The high spatial resolution of the IRS will permit us to better
determine the filling factor and abundance of hot water in these sources —-
something that was not possible with the lower angular resolution of ISO and
SWAS. For each of the observed sources we will carry out mapping observations in
a ~1'x1’ field centered on one lobe of each outflow. The observations will be
performed using the IRS in spectral mapping mode. This includes use of the
Short-Lo, Short-Hi, and Long-Hi modules to obtain complete coverage throughout
the 5.3 - 37.0 micron spectral region. The sensitivity obtained will exceed that
possible from an ambient temperature telescope by several orders of magnitude
and will allow the detection of all of the key diagnostics.

Spitzer Space Telescope — General Observer Proposal #50043

Connecting the Extinction Curve from the UV to the Spitzer Infrared

Principal Investigator: Karl Misselt
Institution: University of Arizona

Technical Contact: Karl Misselt, University of Arizona

Co-Investigators:

Karl Gordon, STSci

Ted Snow, Univ. of Colorado

George Rieke, Steward Observatory, U of Arizona
Geoff Clayton, Louisiana State University
Yvonne Pendleton, NASA

Douglas Whittet, RPI

Dean Hines, Space Science Institute

Adam Jensen, Goddard Space Flight Center

Science Category: ISM
Observing Modes: IracMap IrsStare MipsPhot IrsPeakupImage
Hours Approved: 11.8

Abstract:

We propose to observe a sample of hot, reddened stars to measure the wavelength
dependence of interstellar extinction from 3-24 um along lines of sight probing
the dense, high optical depth environments of interstellar clouds. We will use
IRAC (3-8 um), IRS (low resolution, 5-21 um), IRS-PUI (15 um), and MIPS (24 um)
to measure the infrared extinction curve for a sample of stars with A(V) up to
~7.5. With the installation of the Cosmic Origins Spectrograph (COS) on HST, UV
observations with high S/N towards high A(V) lines of sight will possible for
the first time. Spitzer provides the first opportunity to observe silicate
features in the infrared along sightlines with UV extinction curves. The
complementarity of the two instruments represents an unprecedented opportunity
to measure extinction curves from the UV through the IR along such high optical
depth lines of sight. The availability of extinction curves covering the full
wavelength range from the UV through IR supplied by this program will provide a
unique probe the effects of environment on grain formation, growth, and
destruction. Additionally, the accurate measurement of the IR extinction curve
along dense sight lines will provide insight into the nature of interstellar
dust as a function of environment, both from prominent solid state features
(e.g. 10/18 um silicate) and the shape of the continuum extinction.
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Spitzer Space Telescope — General Observer Proposal #50106

Dust formation in V838 Mon and V4332 Sgr

Principal Investigator: Karl Misselt
Institution: University of Arizona

Technical Contact: Karl Misselt, University of Arizona

Co-Investigators:

Kate Su, Steward Observatory

Dipankar Banerjee, Physical Research Laboratory
Nagarhalli Ashok, Physical Research Laboratory
Massimo Marengo, CfA

Science Category: ISM
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 2.9

Abstract:

We propose follow-up observations of the unusual eruptive variables V838
Monocerotis (V838 Mon) and V4332 Sagitarrii (V4332 Sgr) to study the early
formation and evolution of dust condensates in their ejecta. Both underwent
powerful eruptions (2002 and 1994, respectively) characterized by multiple peaks
and cool super—giant like spectra. Shortly after eruption, an optical light echo
was discovered around V838 Mon. Spitzer observations carried out by us revealed
the presence of an extremely rare infrared light echo and suggest an
interstellar origin for the material. While no extended emission has been noted
around V4332 Sgr, it spectrum (both in the optical and the Spitzer infrared) is
characterized by the presence of rare AlO radicals. More recently, our Spitzer
data have shown the presence of alumina and titanium oxides in the ejecta around
V4332 Sgr, the older of the two eruptions. Spectra of V838 Mon have also shown
strong evidence for the presence of the these early dust condensate species. In
addition to their infrared evolution, both objects have been seen to undergo
significant evolution in their optical spectra. The ongoing formation and
evolution of dust condensates in the ejecta of both objects provides a unique
opportunity to study and test theories of dust condensation in oxygen rich
environments.

Spitzer Space Telescope — General Observer Proposal #30167

Spitzer observations of hydrogen deuteride (HD)

Principal Investigator: David Neufeld
Institution: The Johns Hopkins University

Technical Contact: David Neufeld, The Johns Hopkins University

Co-Investigators:

Paule Sonnentrucker, Johns Hopkins University
Dan Watson, University of Rochester

Bill Forrest, University of Rochester

Joel Green, University of Rochester

Edwin Bergin, University of Michigan

Gary Melnick, Harvard-Smithsonian CfA

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 44.9

Abstract:

We propose to carry out Spitzer/IRS observations of interstellar hydrogen
deuteride (HD). The proposed program follows up our recent detection of the HD
R(3) and R(4) transitions at 28.50 and 23.04 microns in Spitzer observations of
shocked molecular gas in the supernova remnant IC443C; as well as tentative
detections of warm HD in the Herbig-Haro objects HH54 and HH7, and in the
star-forming region GGD37 (Cepheus A West). Using integration times a factor of
14 - 60 larger than the short integrations we have obtained to date, we expect
to obtain signal-to-noise ratios sufficient to confirm and map the HD emission
in HH54, HH7, and GGD37. These data will provide a more precise measurement of
the HD R(4)/R(3) ratio in all four sources, allowing us to model the non-LTE
excitation of HD reliably and determine the HD abundance and gas density. In
addition to the Long-High observations needed to measure HD R(3) and R(4), we
will carry out Short-Low observations of the H2 S(2) through S(7) lines in
GGD37; these observations - which are already in hand for the other three
sources — are essential to measure the column density of warm H2 in the source,
without which the HD/H2 abundance ratio cannot be determined. The results of
this investigation will greatly expand the sample of interstellar gas clouds in
which the HD abundance has been measured, observations prior to Spitzer having
only identified HD in a single source (the Orion Molecular Cloud). The results
will have important implications for our understanding of the chemistry of
deuterium-bearing molecules, and of the evolution of the elemental abundance of
deuterium in our Galaxy.
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Spitzer Space Telescope — General Observer Proposal #40121

Spitzer spectral line mapping of interstellar shock waves: probing the physics
and chemistry of shocked molecular clouds

Principal Investigator: David Neufeld
Institution: Johns Hopkins University

Technical Contact: David Neufeld, Johns Hopkins University

Co-Investigators:

Zita Banhidi, Stockholm Observatory

Ted Bergin, University of Michigan

Teresa Giannini, Osservatorio Astronomico di Roma
Rolf Guesten, MPI fuer Radioastronomie

Michael Kaufman, San Jose State University

Rene Liseau, Stockholm Observatory

Gary Melnick, Harvard-Smithsonian CfA

Brunella Nisini, Osservatorio Astronomico di Roma
Sabine Philipp, MPI fuer Radioastronomie

Volker Tolls, Harvard-Smithsonian CfA

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 141.1

Abstract:

We propose to carry out a comprehensive, spectroscopic imaging study of
interstellar shock waves in molecular clouds, in which the IRS instrument will
be used to obtain spectral line maps with complete wavelength coverage over the
5.2 to 37 micron spectral region and at the highest spectral resolution
achievable with IRS. By observing, in their entirety, five protostellar outflows
with diverse properties, and two shocked molecular clumps within the supernova
remnant IC433, we will probe the physics and chemistry of interstellar shock
waves in a wide variety of environments. All the sources that we propose to
observe are also be targeted for spectroscopic observations in Guaranteed Time
Key Projects of the Herschel Space Observatory, providing an important synergy
between the mid-IR spectroscopy that is possible with Spitzer and the far-IR and
submillimeter spectroscopy to be carried out by Herschel. The wavelength range
covered by Spitzer/IRS provides access to 15 fine structure transitions of NeII,
NeIII, SiII, PII, SI, SII, ClII, FeII, and FeIII; the S(0) through S(7) pure
rotational lines of molecular hydrogen; the R(3) and R(4) transitions hydrogen
deuteride (HD); several rotational transitions of water vapor; and the 6.2, 7.7,
8.6 and 11.3 micron PAH emission bands; all which have been detected in one or
more sources that we have observed previously. Analysis of the resultant data
will provide a wealth of information that will constitute an important legacy to

interstellar medium science, probing - among other things - (1) the H2
ortho-to—-para ratio, a valuable probe of the thermal history of the gas; (2) the
HD abundance, from which the gas—-phase D/H ratio can be determined ; (3) the

water abundance, a key parameter that determines thermal balance in the shocked
material; (4) the relative distribution of gas that has been heated by fast
dissociative shocks and by slower non-dissociative shocks.

Spitzer Space Telescope — General Observer Proposal #30088

The physics of Runaway OB Star Bowshocks with Spitzer

Principal Investigator: Alberto Noriega-Crespo
Institution: Spitzer Science Center

Technical Contact: Alberto Noriega—-Crespo, Spitzer Science Center

Co-Investigators:

Alejandro Raga, ICNUNAM

Jorge Canto, IAUNAM

Sean Carey, Spitzer Science Center
Dominic Clancy, Spitzer Science Center
Sachindev Shenoy, Spitzer Science Center

Science Category: ISM
Observing Modes: IracMap IrsStare MipsScan
Hours Approved: 19.1

Abstract:

Bowshocks from runaway OB stars are perhaps some of the most spectacular objects
discovered by IRAS. The strong winds from these young stars can sweep relatively
large column densities of gas and dust. This material accumulates in a bowshock
that develops as the star moves supersonically through their surrounding medium.
The dust and gas within the bowshock is illuminated by the starlight, which
copiously reradiates this energy at mid/far infrared wavelengths. The large
extent of these objects across the sky (~1/2 - 1 degree) plus the diffuse nature
of their emission has prevented any major progress in understanding their
properties since IRAS. Spitzer’s unique capability to map large regions of the
sky, and the superb sensitivity of its spectrometer to obtain spectra of diffuse
emission at a fraction of a MJy/str, will be used to study five prototypical
runaway bowshocks. These observations will be used to measure their IR
bolometric luminosity, the emission properties of the shocked excited gas, the
reprocessing of dust by shocks, the development of dynamical instabilites, and
to provide observational templates to understand similar new objects found in
the GLIMPSE and MIPSGAL surveys of the Galactic plane.
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Spitzer Space Telescope — General Observer Proposal #20612

Si and Fe abundance study in star—-forming regions

Principal Investigator: Yoko Okada
Institution: University of Tokyo

Technical Contact: Yoko Okada, U. Tokyo

Co-Investigators:

Takashi Onaka, University of Tokyo
Hiroshi Shibai, Nagoya University
Hidenori Takahashi, University of Tokyo
Takashi Miyata, University of Tokyo
Yoshiko K. Okamoto, Ibaraki University
Itsuki Sakon, University of Tokyo

Science Category: ISM
Observing Modes: IrsMap IrsStare
Hours Approved: 23.8

Abstract:

We propose to examine the depletion of Si and Fe in HII regions and reflection
nebulae with IRS LH and SH module. We will observe the [SiII] 35 micron and
[FeII] 26 micron emissions to estimate the gas—-phase abundance of Si and Fe,
which reflect the dust destruction in the observed region. Other lines such as
[FeIII] 23 micron, [FeII] 18 micron, and [SIII] 19 and 33 micron can be used to
translate safely the ratio of the line emissions to the abundance ratio. We plan
to observe two groups of targets: (a) HII region/PDR complexes or reflection
nebulae studied by ISO or KAO, and (b) giant HII regions located at various
location in the Galactic plane. For the group (a) targets, we will derive
gas—-phase Si and Fe abundance relative to N or O in the HII region or PDR,
respectively, giving the degree of the destruction of Si-bearing and Fe-bearing
dust grains in each phase. For the group (b) targets, we will derive the
relative gas phase abundance of Si/Fe. The proposed observations will be the
first study of the Fe depletion in low density regions. They also provide the
depletion pattern of Si/Fe in various environments such as the density and the
phase (HII region or PDR) over the Galactic scale and give us significant
observational constraint on the dust processing in the ISM and the dust model.

Spitzer Space Telescope — Archive Research Proposal #50077

Spitzer characterization of dust grains in regions of anomalous emission

Principal Investigator: Roberta Paladini
Institution: Spitzer Science Center

Technical Contact: Roberta Paladini, Spitzer Science Center

Co-Investigators:

Clive Dickinson, IPAC/Caltech

Simon Casassus, University of Chile

Kieran Cleary, Jet Propulsionary Laboratory
Alberto Noriega—-Crespo, Spitzer Science Center
Sean Carey, Spitzer Science Center

Nicolas Flagey, Spitzer Science Center
Francine Marleau, Spitzer Science Center
Sachindev Shenoy, Spitzer Science Center

Science Category: ISM
Dollars Approved: 50000.0

Abstract:

Despite the increasing evidence that the anomalous emission is a new physical
mechanism acting in the diffuse interstellar medium, the nature and distribution
of this component remains elusive. In particular, the infrared properties of the
sources which, to date, are known to exhibit microwave excess, are very poorly
known mostly due to the limited angular resolution and frequency coverage of
DIRBE and IRAS. We propose to analyze archival observations of anomalous
emission regions in order to characterize the typical dust population and
environment, in particular the grain size, grain constituents and radiation
field hardness, in these regions. A search in the Spitzer archive has revealed
that almost the entirety of the objects with signatures of anomalous emission
have been observed by its instruments. In addition, Spitzer data, with their
unique combination of high resolution, sensitivity and wide spectral coverage,
provide a unique tool for investigating the physical properties of dust in these
sources. Such characterization will allow to put tight constraints on the
existing models and provide new predictions on the level of contamination
expected in future CMB experiments.
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Spitzer Space Telescope — General Observer Proposal #20129

Ice Chemistry in IC 5146 : A Follow-Up Study of Dense Cloud Dust

Principal Investigator: Yvonne Pendleton
Institution: NASA Ames Research Center

Technical Contact: Yvonne Pendleton, NASA Ames Research Center

Co-Investigators:

Scott Sandford, NASA-Ames

Thomas Roellig, NASA-Ames
Jacqueline Keane, NASA-Ames

Jean Chiar, SETI

Kimberly Ennico, NASA-Ames

Thomas Greene, NASA-Ames

Louis Allamandola, NASA-Ames

Max Bernstein, NASA-Ames

Alan Tokunaga, IFA

Thomas Geballe, Gemini Observatory
Rachel Mason, Gemini South

Charlie Lada, CfA

Adwin Boogert, CalTech

Michael Werner, JPL

Alexander Tielens, Kapteyn Institute
Dale Cruikshank, NASA-Ames

Jesse Bregman, NASA-Ames

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 5.0

Abstract:

We propose higher S/N 5.3-14.2 micron IRS spectra of 6 of our Cycle 1 background
field star targets which sample quiescent dust in the dense cloud IC 5146. This
cloud has the best-understood dust distribution of the four clouds under study
in our Cycle 1 proposal. Our Cycle 1 clouds range from a starless Bok Globule to
clouds with a small degree of low mass star formation. IC 5146 is exceptionally
well characterized making this an ideal testbed to study interstellar dust. Our
Cycle 1 data for 12 sightlines reveals silicate features in all cases, and
variations in the ice to silicate band ratios. Although well matched flux

values can be achieved using the newly discovered extinction law for diffuse
dust (Indebetouw et al. 2005), the laws previously thought to apply to dense
clouds overestimated the 6 um flux. Thus, our Cycle 1 integration times (I.T.)
were low for these sightlines. We request 5 hours I.T. on IRS to obtain higher
S/N data for this very important cloud. Because the dust distribution is so well
characterized in this cloud, these observations will allow us to probe the early
stages of chemical processing of dense cloud dust to an unprecedented degree.
This cloud is critical in the continuum of clouds we selected for Cycle 1.
Positions and profiles of the 6.0 ?m and 6.8 ?m ice features in our IC 5146
lines of sight will allow us to identify the principal components of ’‘quiescent’
cloud ices in the absence of stellar activity, and to assess how dense cloud
materials evolve as they pass from the general cloud medium into star—-formation
regions.

Spitzer Space Telescope — General Observer Proposal #3320

Solid State Chemistry in Dense Clouds Along Quiescent Lines of Sight

Principal Investigator: Yvonne Pendleton
Institution: NASA Ames Research Center

Technical Contact: Yvonne Pendleton, NASA Ames Research Center

Co-Investigators:

Kim Ennico, NASA Ames Rearch Center

Jean Chiar, NASA Ames Research Center
Jacqueline Keane, Nasa Ames Research Center
Louis Allamandola, NASA Ames Research Center
Max Bernstein, SETI Institute

Adwin Boogert, California Institute of Technology
Thomas Greene, NASA Ames Research Center
Charles Lada, SAO

Rachel Mason, NOAO

Thomas Roellig, NASA Ames Research Center
Scott Sandford, NASA Ames Research Center
Alexander Tielens, University of Groningen
Alan Tokunaga, University of Hawaii

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 25.9

Abstract:

We propose 5.3-21.8 um spectroscopic observations of background field stars
along sight-lines through dense interstellar clouds, with little or no star
formation activity, to assess the early chemistry of molecular cloud dust.
Dense clouds produce molecules and ices critical to star and planet formation.
The formation of organic compounds in these ices is one of the first steps
towards the complex molecular materials needed for life. Infrared spectroscopy
provides a powerful tool for the study of the composition and evolution of
interstellar ices. The most diagnostic features of solid-state materials occur
in the mid-infrared. To date, mid-IR absorption studies have primarily been
towards embedded protostars where the ice may well have been processed either
thermally or by FUV photons from the star. Such sightlines demonstrate a
preponderance of simple molecules (H20, CH30H, CO, CO2, and NH3) and
energetically processed species (X— CN) in the surrounding ices, revealing that
protostars strongly influence their circumstellar environments. Lines of sight
to these objects are unlikely to be representative of dense cloud materials as a
whole. A more complete understanding of the composition of dense clouds and
their chemical dynamics requires that we also probe lines of sight through the
general quiescent cloud medium. We will obtain low resolution IRS spectra
(including 6.0 um H20, 6.85 um NH4+/CH30H, 7.6 um CH4, and 15.2 um CO2 band),
plus high resolution IRS spectra for selected high AV sources, to study detailed
band profiles. We will correlate band strengths with Av to determine the
abundances and densities required for the ice components to appear, and study
the chemical changes in molecular clouds as a function of temperature and
density. These observations will provide a snapshot of the chemical state of a
molecular cloud prior to the formation of stars, and a general baseline for
studies of dust chemistry in regions of star formation.
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Spitzer Space Telescope — General Observer Proposal #50637

Interactions of the Cold and Hot ISM: Imaging the Nearest Molecular Clouds In
the Local Bubble

Principal Investigator: Seth Redfield
Institution: McDonald Observatory, University of Texas

Technical Contact: Seth Redfield, McDonald Observatory, University of Texas

Co-Investigators:

James Ingalls, Spitzer Science Center

John Scalo, University of Texas at Austin
Paul Harvey, University of Texas at Austin

Science Category: ISM
Observing Modes: IracMap MipsScan
Hours Approved: 9.6

Abstract:

The absolute nearest molecular clouds reside within a million degree substrate
known as the Local Bubble. Cold molecular gas is not typically found in
isolation surrounded by hot material, but several other examples have been
identified, particularly at the edges of shell structures formed by stellar
winds and supernovae. These local molecular clouds located within the Local
Bubble, provide a unique opportunity to study the interaction of cold and hot
phases of the interstellar medium in detail. We propose a morphological study of
MBM40, one the nearest molecular clouds at <80 pc, to test predictions of
evaporative conduction and turbulent mixing layer theory. The morphology of
these translucent clouds, measured with physical resolutions down to <100 AU due
to their proximity, can be probed by 8 micron PAH emission and dust emission
from the longest MIPS wavelengths (e.g., 24 and 160 microns). These observations
will measure basic physical properties, such as dust opacity and temperature, as
well as, gas column density. Constraints on evaporative timescales and magnetic
field strengths can be estimated from the dimensions of the smallest observed
size scales. In addition, these measurements may even provide limits on the
physical characteristics of the hot gas itself. The proposed cloud (MBM40) is
distinct from the more distant large molecular complexes because it is located
within the hot Local Bubble cavity which defines the bounds of our local
interstellar medium. These observations will be a unique contrasting sample to
the well-observed, and more distant, traditional molecular clouds.

Spitzer Space Telescope — General Observer Proposal #40604

"Quasi-Historical" Type Ia Supernova Remnants in the Large Magellanic Cloud:
"Massive" Ia’s and Dust Destruction

Principal Investigator: Stephen Reynolds
Institution: North Carolina State University

Technical Contact: Stephen Reynolds, North Carolina State University

Co-Investigators:

Brian Williams, North Carolina State University
William Blair, Johns Hopkins University

Parviz Ghavamian, Johns Hopkins University

Ravi Sankrit, University of California, Berkeley
Sean Hendrick, Millersville University

Knox Long, STScI

John Raymond, Harvard-Smithsonian Center for Astrophysics
Chris Smith, CTIO

Sean Points, CTIO

Frank Winkler, Middlebury College

Kazimierz Borkowski, North Carolina State University

Science Category: ISM
Observing Modes: IrsMap IrsPeakupImage IrsStare
Hours Approved: 5.9

Abstract:

Type Ia supernovae and their remnants play a major role in several areas of
astrophysics, including chemical evolution of galaxies and cosmology. Recent
results suggest that at least some SNe Ia may result from more massive
progenitor systems than normally assumed. Historical SN Ia in our Galaxy, SN
1006, Tycho, and Kepler, with known ages and optically observed shock
velocities, have provided important information on the SN Ia phenomenon; Kepler
seems to have resulted from a "massive" Type Ia. Three SNRs in the LMC have ages
estimated from light echos, so they are "quasi-historical." N103B is interacting
with dense, probably circumstellar material (CSM), like Kepler; 0509-67.5 has
inferred efficient cosmic-ray acceleration; and the spectrum of the light echo
from 0519-69.0 resembles that of the overluminous Type Ia event SN 1991T. In all
cases, simply learning the ambient density can provide crucial information.
Furthermore, all three objects have very fast shocks which can serve as
laboratories for the study of grain destruction. We propose spectral mapping of
all three with LL in both orders, and pointings at bright knots in N103B with
SL. With our models of dust heating and sputtering in shocks, we can use this
information to deduce ambient densities and to test the models. For the bright
knots in N103B, probably CSM, we may obtain composition information of
significance for constraining the nature of the progenitor.
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Spitzer Space Telescope — General Observer Proposal #30585

Spectroscopy Survey of Supernova Remnants in the Inner Galaxy

Principal Investigator: Jeonghee Rho
Institution: Caltech

Technical Contact: Jeonghee Rho, Caltech

Co-Investigators:

William Reach, Caltech

Jack Herwit, Northwestern University

Achim Tappe, SSC/Caltech

Tom Jarrett, SSC/Caltech

Farhad Yusef-zadeh, Northwestern University

Science Category: ISM
Observing Modes: IrsStare MipsSed
Hours Approved: 18.7

Abstract:

In the infrared, supernova remnants (SNRs) have recently been found (with
GLIMPSE Legacy data covering 95 known SNRs) to comprise three major groups:
molecular-line dominated, ionic-line dominated, and PAH-like. Many of the 18
IRAC-detected SNRs show molecular-line colors, indicating interactions with
dense gas, for which most of the shock cooling occurs through molecular
ro-vibrational lines. Such molecular SNRs have been long expected for Type II
supernovae near molecular clouds, but only a few are known. Our understanding of
the infrared emission from SNRs is limited with the broad-band IRAC images,
because SNRs are line—-dominated but with a continuum. Infrared spectroscopy is
crucial to understanding physical processes such as shock physics, grain
destruction and chemical processes behind strong SN shocks, and metal enrichment
in interstellar gas. We propose IRS and MIPS-SED observations of 14
IRAC-detected SNRs. Our scientific goals are (i) to uncover the nature of the
infrared emission of each SNR, (ii) to truly identify the SNRs that are
interacting with molecular clouds, by detecting shocked H_2 emission, (iii) to
study the excitation rates of H_2 lines, and shock physics, and finally, (iv) to
investigate dust destruction and coupling between the dust and gas through the
shocks.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30571

Tomographic imaging of IR echoes around Cas A - Spitzer’s unique view on the 3-D
structure of the ISM

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Oliver Krause, University of Arizona

Co-Investigators:

Oliver Krause, Max—-Planck—-Institut fuer Astronomie
Stephan Birkmann, Max—-Planck-Institut fuer Astronomie
Fabian Heitsch, Universitaets—Sternwarte Muenchen
Remy Indebetouw, University of Wisconsin

Barbara Whitney, Space Science Institute

Kelsey Johnson, University of Virginia

Science Category: ISM
Observing Modes: MipsPhot MipsScan
Hours Approved: 11.0

Abstract:

We propose to use 1lh of MIPS guaranteed time to re-image infrared echoes around
the prototypical supernova remnant Cassiopeia A which have been recently
discovered by our team. Combining these new observations with our previous maps
opens up the unprecedented opportunity to map the three-dimensional structure of
the general interstellar medium around Cas A with high spatial resolution. This
unique insight to the structure of the ISM will provide new constraints for
models of turbulence and fragmentation of interstellar material. In addition,
the structure of the ISM is an important input to radiative transfer models for
obscured sources, which we will work to improve.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40167

Infrared Echoes and the Structure of the ISM

Principal Investigator: George Rieke
Institution: University of Arizona

Technical Contact: George Rieke, University of Arizona

Co-Investigators:
Yeunjin Kim, University of Arizona
Oliver Krause, Max Planck Institut/Heidelberg

Science Category: ISM
Observing Modes: MipsPhot
Hours Approved: 4.0

Abstract:

We propose to continue a program to map the interstellar medium in three
dimensions. Our technique uses infrared echoes from the supernova Cas A, which
we discovered during In-Orbit Checkout. We have observed the echoes every six
months since, observing the changes in the patterns of heated dust as the light
pulse from the supernova propagates through the surrounding ISM. We have
developed methods to invert this series of snapshots of planes in the ISM into
three dimensional images. By the end of the Spitzer mission, our 3D images will
have a depth of 1.5pc at a resolution of about 0.1 pc. This detailed information
about the structure of the ISM will have important applications in understanding
extinction in dense regions, the radiative transfer and heating of such regions,
and in how the ISM fragments, for example to form stars.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50322

Conditions in a supernova/molecular cloud shock interface

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: George Rieke, The University of Arizona

Co-Investigators:
Oliver Krause, Max Planck Institut fur Astronomie, Heidelberg
Yeunjin Kim, University of Chicago

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 9.0

Abstract:

The interfaces where supernova remnant shocks encounter molecular clouds are of
great interest for the complex processing of the interstellar medium that occurs
within them. They are also thought to be the sites of relativistic particle
acceleration. Observations of these regions have been obtained previously with
both ISO and Spitzer. However, in these examples, the geometry of the interface
results in the various shock layers being projected onto each other on the sky
(and onto the supernova remnant itself). We have identified such an interface at
the northern edge of Cas A, but in this case the interface lies along the sky
and the various layers - in situ accelerated electrons (synchrotron emission),
thermal emission by dust (24 microns) and molecular gas (CO) are well resolved
and separated from each other on the sky. We propose to scan across this region
taking IRS high resolution spectra. We expect to map out the distribution of
high- and low-ionization potential fine structure lines, thought to map shock
regions of high and moderate velocity, as well as tracing molecular hydrogen in
the low velocity shocks into the molecular cloud itself. We can also determine
where and under what conditions the dust is destroyed in this interface. These
observations will test shock models in a unique way, possible only in this
unique observing situation.
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Spitzer Space Telescope — General Observer Proposal #50484

Mapping the ISM with Infrared Echoes from Cas A

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: George Rieke, The University of Arizona

Co-Investigators:
Oliver Krause, Max Planck Institut fur Astronomie, Heidelberg
Yeunjin Kim, University of Chicago

Science Category: ISM
Observing Modes: MipsPhot MipsScan
Hours Approved: 14.9

Abstract:

Infrared echoes were discovered around the supernova remnant Cas A during
Spitzer in-orbit checkout. These echoes result when the light pulse from the
supernova explosion encounters the surrounding interstellar medium (ISM) and
scatters and heats it. The infrared echoes are more easily interpreted than the
scattered ones because the emission is isotropic and gives a direct measure of
the structure of the ISM. The system of echoes around Cas A extends to 3 degrees
diameter, so the MIPS 24 micron beam of 6 arcsec allows probing the echoes at
high resolution. We have followed these echoes throughout the mission (using a
combination of GTO, GO, and DD time). A preliminary analysis of the results has
yielded the first detailed three dimensional map if the ISM (resolution ~ 0.1 pc
on the sky corresponding to the beam size, and also ~ 0.1 pc into the sky
corresponding to the Spitzer visit time intervals). We have also used the echoes
to learn about the supernova itself. We request 14.9 hours to complete tracking
the echoes. We will obtain a full map of the echo region to improve our ability
to distinguish the echoes from the emission of the general ISM and to extend our
images to the lowest possible spatial frequencies. We will also obtain three
sets of smaller-scale images at selected regions to continue tracking the
small-scale structures and also to improve our measurements of the supernova
light curve.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #45

Deuterium Enrichment in PAHs

Principal Investigator: Thomas Roellig
Institution: NASA Ames Research Center

Technical Contact: Thomas Roellig, NASA Ames Research Center

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 37.3

Abstract:

Laboratory studies have indicated that under interstellar radiation condition
the hydrogen atoms in PAH molecules will be replaced in time by deuterium. This
investigation will gather evidence for this process by examining the PAH
spectral features in a number of regions with quite different ages, ranging from
proto-planetary nebulae, through planetary nebulae of various ages, on out to
older PAH material in molecular clouds. The presence of deuterium in the PAH
molecules dramatically shifts the locations of the spectral features, so that
they can be detected with the IRS instrument. Since these objects are generally
extended and sensitivity to very weak features is needed, observations will be
made both on the targets and on nearby background sky.
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Spitzer Space Telescope — General Observer Proposal #20068

IRAC Colors of Reflection Nebulae Illuminated by Cool Stars

Principal Investigator: Kris Sellgren
Institution: Ohio State University

Technical Contact: Kris Sellgren, Ohio State University

Co-Investigators:
Mike Werner, JPL
Keven Uchida, Cornell University

Science Category: ISM
Observing Modes: IracMap
Hours Approved: 20.3

Abstract:

We propose to obtain IRAC images of reflection nebulae (RN) illuminated by cool
stars (Teff = 3,000 - 9,400 K). Our IRAC measurements of six RN will complement
existing IRAC images of RN illuminated by B stars (Teff=11,000-22,000 K). In our
previous IRAS study of RN illuminated by stars with Teff = 3,000 - 22,000 K, we
contrasted the IRAS colors of RN illuminated by B stars and cool stars. Our
results led to major advances in our understanding of the ISM, inspiring
laboratory and theoretical work on PAH ionization and on the size distribution
of PAH molecules and aromatic grains. Current ISM models, fit to our IRAS
observations of RN, still find some RN illuminated by cool stars to disagree
with model predictions. These discrepant RN form the heart of this proposal.
Spitzer offers us vast improvements in sensitivity and angular resolution. Our
entire IRAS sample of RN illuminated by B stars has been already imaged with
IRAC. We now propose to obtain IRAC colors for RN illuminated by cool stars, to
contrast with RN illuminated by B stars. We expect our Spitzer results to
challenge current ISM models and to influence the development of new ISM models
in the same way our IRAS results did.

Spitzer Space Telescope — General Observer Proposal #40276

Search For C_60

Principal Investigator: Kris Sellgren
Institution: Ohio State University

Technical Contact: Kris Sellgren, Ohio State University

Co-Investigators:
Michael Werner, Jet Propulsion Laboratory, California Institute of

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 14.7

Abstract:

We propose to follow up on our recent Spitzer IRS-LL2 detection of emission at
17.4 and 18.9 um in the reflection nebulae NGC 2023 and NGC 7023. These
wavelengths coincide with two of the four infrared lines of
buckminsterfullerene, or C_60. Our goal is to obtain IRS-SL spectra to confirm
this identification by searching for the two other infrared C_60 lines, at 7.1
and 8.5 um. We will also obtain IRS-SH spectra to measure the widths of the 17.4
and 18.9 um lines, which depend on temperature for C_60.
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Spitzer Space Telescope — General Observer Proposal #3295

Environmental Effects of Starbursts at the Galactic Center

Principal Investigator: Janet Simpson
Institution: NASA Ames Research Center

Technical Contact: Janet Simpson, NASA Ames Research Center

Co-Investigators:

Angela Cotera, SETI Institute

Sean Colgan, NASA Ames Research Center
David Hollenbach, NASA Ames Research Center
Michael Kaufman, San Jose State University
Robert Rubin, NASA Ames Research Center
Edwin Erickson, NASA Ames Research Center

Science Category: ISM
Observing Modes: IrsMap IrsStare
Hours Approved: 13.1

Abstract:

We propose infrared spectroscopic observations of the Galactic Center (GC)
region of the Milky Way with the Infrared Spectrograph (IRS) on Spitzer Space
Telescope. These observations will elucidate the character of the GC'’s massive
star clusters and their effects - via both emitted radiation and outflowing
winds - on the local interstellar medium (ISM) at the GC. The IRS enables access
to a variety of infrared spectral signatures of the relevant processes -—
photoexcitation, shocks, photodissociation, and dust heating and extinction -
which can clarify our understanding of the complex processes occurring at the
heart of our own, and likely other, galaxies. Specific questions to be addressed
are: —-Are observable shocks due to outflows from the massive cluster stars or to
collisions of molecular clouds? -Which of the radio structures are really
related to the compact star clusters, as suggested by the observed morphology
and how can we explain the structures not so related? —-How does the gas
excitation seen in the IR lines in the Arches Cluster correlate with the X-ray
morphology, and can any excitation feature be identified with cluster WR stars?

Spitzer Space Telescope — General Observer Proposal #40299

IRS Spectral Mapping of Interstellar Ices, Silicates and Gas—phase CO2

Principal Investigator: Paule Sonnentrucker
Institution: Johns Hopkins University

Technical Contact: Paule Sonnentrucker, Johns Hopkins University

Co-Investigators:

Edwin Bergin, University of Michigan

Perry Gerakines, University of Alabama

Eduardo Gonzalez-Alfonso, University of Madrid

Gary Melnick, Smithsonian Astrophysical Observatory
David Neufeld, Johns Hopkins University

Sarah Ragan, University of Michigan

Volker Tolls, Smithsonian Astrophysical Observatory
Dan Watson, University of Rochester

Doug Whittet, Rensselaer Polytechnic Institute

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 58.0

Abstract:

Ices remain one of the least understood components of the interstellar medium.
Yet, ice covered dust grains may be a medium within which chemical reactions
take place that have no analog in the gas—-phase. The wavelength coverage and
great sensitivity of Spitzer/IRS offer an opportunity to revolutionize the study
of interstellar ices as the 5 to 38 micron range includes a number of ice
absorption features such as water ice and CO2 ice. The high resolution mode of
the IRS instrument is also capable of observing gas—-phase CO2 features along
identical sight lines where CO2 ice is detected. We propose to obtain fully
sampled spectral maps of the distribution of CO2 ices, gas—phase CO2, water ice
and silicates toward a sample of 6 extended regions selected for their variety
of physical conditions. These proposed maps will constitute an enormous
improvement over previous discrete sight line studies since they will increase
the density of sampled points by orders of magnitude. We will use this
unparalleled observational database to elucidate the key environmental factors
that influence interstellar ice formation, evolution and destruction, thereby
affecting the formation and/or destruction of gas-phase CO2 itself.
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Spitzer Space Telescope — General Observer Proposal #20620 Spitzer Space Telescope — General Observer Proposal #40166
H2 shocks in the precessing outflow V380 Ori NE The circumstellar - interstellar interface revealed
Principal Investigator: Thomas Stanke Principal Investigator: Robert Stencel

Institution: Institute for Astronomy, University of Hawaii Institution: University of Denver
Technical Contact: Thomas Stanke, IfA, U. Hawaii Technical Contact: Robert Stencel, University of Denver
Co-Investigators: Co-Investigators:
Michael D. Smith, Armagh Observatory, UK Toshiya Ueta, University of Denver
Chris Davis, Joint Astronomy Center Hawaii, Hilo Angela Speck, University of Missouri
Hans Zinnecker, Astrophysikalisches Inst. Potsdam Chris Wareing, University of Manchester, UK
Roland Gredel, Max-Planck Institut fuer Astronomie Heidelberg Albert Zijlstra, University of Manchester, UK
Karl Menten, Max-Planck Institut fuer Radioastronomie Bonn Mikako Matsuura, National Astronomical Observatory of Japan
Dieter Nuernberger, ESO
Mark McCaughrean, AI Potsdam; Univ. of Exeter Science Category: ISM
Observing Modes: IrsMap MipsSed

Science Category: ISM Hours Approved: 2.4

Observing Modes: IracMap IrsMap IrsPeakupImage

Hours Approved: 8.9 Abstract:

With the discovery by Spitzer of a bow shock structure around the AGB star, R

Abstract: Hydrae, a new class of circumstellar - interstellar interaction physics is open

We propose to perform a IRAC imaging and IRS low-resolution spectroscopic
mapping investigation of the precessing molecular jet and outflow V380 Ori NE.
The main goal will be to investigate the effect of precession on the shape of
the outflow cavity (mainly IRAC imaging) and on the interaction with the ambient
cloud. We will obtain maps showing the spatial distribution of pure rotational
transitions of H 2 and additional atomic/ionic forbidden lines. The H_2 lines
will be used to study variations of excitation originating from changing shock
properties, which we will pinpoint using detailed shock modeling and
hydrodynamic molecular jet simulations. Combined with high-resolution CO maps we
will see where entrainment takes place, how efficient it is, and how much of the
parent cloud volume is affected. We will study the implications in terms of
feedback (how efficient is the energy transfer to the ambient cloud), in terms
of effects on protostar evolution (how significant is the effect of jet
precession on envelope removal), and on shaping protostellar outflows
themselves. Finally, we will study the effect of a molecular outflow suddenly
breaking out into a low density, potentially (partly) ionized medium.

to exploration. We propose IRS and MIPS-SED spectroscopy of the bow shock
structure around R Hya. The goal of the spectroscopy is to provide temperature
and density diagnostics for the material in the shocked region. These
measurements will provide context for analysis of variation of mass loss and gas
to dust ratio, as well as exploration of the destruction of circumstellar dust
at this well-defined interstellar boundary.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #532

Tie Breaking Spectra of the Dusty Bow Shock Near R Hya

Principal Investigator: Robert Stencel
Institution: University of Denver

Technical Contact: Robert Stencel, University of Denver

Co-Investigators:

Toshiya Ueta, U. Denver

Mikako Matsuura, U. College London
Angela Speck, U. Missouri

Albert Zijlstra, Manchester

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 0.5

Abstract:

We request 30 minutes of Director’s Discretionary Time for an urgent,
tie-breaking IRS observation of the first-ever, Spitzer-MIPS discovered,
circumstellar—-interstellar bow shock surrounding the AGB star, R Hydrae.

Spitzer Space Telescope — General Observer Proposal #3677

High Resolution Imaging of the Galactic Center with Spitzer/IRAC

Principal Investigator: Susan Stolovy
Institution: Spitzer Science Center

Technical Contact: Susan Stolovy, Spitzer Science Center

Co-Investigators:

Daniel Gezari, GSFC

Solange Ramirez, Spitzer Science Center
Jennifer Karr, Spitzer Science Center

Rick Arendt, GFSC

Farhad Yusef-Zadeh, Northwestern University
Casey Law, Northwestern University

Kristen Sellgren, Ohio State University
Randall Smith, CfA

Harvey Moseley, GSFC

Science Category: ISM
Observing Modes: IracMap
Hours Approved: 15.7

Abstract:

The Spitzer Space Telescope provides an unprecedented opportunity to observe the
Galactic Center with spatial coverage, resolution and sensitivity which have not
yet been achieved in the mid-infrared. We propose to map the central 2 x 1.5
degrees of the Galaxy (corresponding to 280 x 200 pc) with IRAC. These
observations will allow us to investigate features in the diffuse interstellar
medium of the Galactic Center ranging in scale from hundreds of pc to less than
0.1 pc. These features include large ’lobes’ protruding from the Galactic plane,
non-thermal filaments, thermal filaments, supernova remnants and HII regions,
some of which may trace past AGN-like activity. The morphology and distribution
of PAH emission will be imaged at 2'’ resolution for the first time with high
signal/noise. The acquisition of high resolution mid-IR data will complement
existing high resolution data for this region in radio, near-infrared and X-ray
wavelengths and will provide a probe of interactions and phenomena at a wide
range of energies. In addition, a variety of point sources and compact objects
will be observed, taking advantage of the IRAC wavelengths to probe regions too
highly obscured to observe with ground based optical or near infrared
telescopes. We will acquire a sample of AGB and OH/IR stars, detectable even in
highly obscured regions, as well as high mass protostars and ultracompact HII
regions, probing both ends of the stellar evolution process and mapping galactic
structure. We will also have the ability to detect obscured clusters not visible
in the near infrared.
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Spitzer Space Telescope — General Observer Proposal #30372

Polycyclic Aromatic Hydrocarbon Emission in the Supernova Remnant N132D

Principal Investigator: Achim Tappe
Institution: IPAC / Spitzer Science Center

Technical Contact: Achim Tappe, IPAC / Spitzer Science Center

Co-Investigators:

Jeonghee Rho, IPAC / Spitzer Science Center
William T. Reach, IPAC / Spitzer Science Center
Christine Joblin, CESR, Toulouse, France

Science Category: ISM
Observing Modes: IrsMap IrsStare
Hours Approved: 11.0

Abstract:

The infrared spectrograph (IRS) onboard the Spitzer Space telescope allows to
observe mid-IR continuum emission from heated interstellar dust grains and
polycyclic aromatic hydrocarbon (PAH) emission lines. These include the
well-studied PAH lines at 6-9 and 11.2 micron, and the more recently detected
emission in the 15-21 micron region attributed to CCC out-of-plane bending
vibrations. Our previous GO-1 observations of the supernova remnant N132D in the
Large Magellanic Cloud were very successful. The detected PAH features between 8
and 20 microns demonstrate that PAH molecules are surviving a supernova blast
wave despite being processed by a strong shock. This second proposal will
enlarge our IRS data for this interesting remnant substantially, from currently
one spectral pointing to a complete IRS 14-38 micron map with additional IRS
5.2-14.5 micron pointings for regions of special interest. This will allow us to
study the distribution and shock processing of PAHs in detail, particularly the
intriguing 15-21 micron features, using existing spectral databases and new
laboratory as well as theoretical work.

Spitzer Space Telescope — General Observer Proposal #50511

The relationship of PAHs and H2 emission in the photodissociation region of the
reflection nebula NGC 2023

Principal Investigator: Alexander Tielens
Institution: NASA Ames Research Center

Technical Contact: Alexander Tielens, NASA Ames Research Center

Co-Investigators:

Els Peeters, The University of Western Ontario; SETI Institute
Mark Wolfire, University of Maryland

Louis Allamandola, NASA Ames Research Center

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 3.4

Abstract:

The mid-IR spectra of photodissociation regions (PDRs) are dominated by the
diagnostic lines of molecular hydrogen as well as the 3.3, 6.2, 7.7, 11.3, and
12.7 um emission features due to polycyclic aromatic hydrocarbon molecules
(PAHs). The molecular hydrogen lines are key diagnostics of the temperature and
column density of warm molecular gas in the PDR, while the relative strength of
the IR emission features probe the molecular edge structure and degree of
ionization of the emitting PAHs. Previous Spitzer studies of the warm and dense
southern PDR shell in the reflection nebula NGC2023 have demonstrated that the
detailed characteristics of the IR emission features vary between the atomic H
surface layer of this region and the deeper molecular H2 layers. We attribute
these variations to H abstraction by reactive atomic H in this surface layer
forming H2. We propose to use the superb sensitivity and high spatial resolution
of the IRS on Spitzer to spectroscopically map a lower density region in this
reflection nebula with the goal of quantifying the dependence of the IR emission
characteristics of the emitting PAHs to the local physical conditions.
Specifically, we will address the role of atomic H in the loss of peripheral
aromatic H on interstellar PAHs. The selected location has a well-determined gas
density and temperatureand incident UV field, which ultimately drive the
physical and chemical characteristics of the emitting PAHs and hence provide a
unique opportunity to quantitatively study the evolution of PAHs in space as
well as the role of PAHs in the formation of molecular hydrogen.
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Spitzer Space Telescope — General Observer Proposal #40285

The Composition of Interstellar Dust

Principal Investigator: Laurens Waters
Institution: University of Amsterdam

Technical Contact: Laurens Waters, University of Amsterdam

Co-Investigators:

Xander Tielens, NASA Ames Research Center

Mario van den Ancker, European Southern Observatory, Garching

Michiel Min, University of Amsterdam

Leen Decin, Institute for Astronomy, Catholic University Leuve

Jolanda van Breemen, University of Amsterdam

Ciska Markwick-Kemper, Dept. of Physics and Astronomy, Manchester Univers
Arjan Bik, European Southern Observatory, Garching

Jean Chiar, SETI Institute and NASA Ames research center

Jan Cami, Dept. of Physics and Astronomy, University of West

Science Category: ISM
Observing Modes: IracMap IrsStare
Hours Approved: 21.0

Abstract:

We propose to determine the life cycle of two important refractory stardust
species, one oxygen-rich and one carbon-rich, in order to probe the fate of
stardust from the time of injection into the ISM up to the point that it takes
part in the star formation process. Crystalline silicates and SiC are produced
in the outflows of evolved red giants. Recently for the first time evidence was
found for SiC in the interstellar medium (ISM), suggesting that this material
can survive the harsch ISM conditions. In contrast, crystalline silicates,
produced by oxygen-rich giants, have so far not been found in the ISM. In our
solar system, crystalline silicates are abundant while SiC is not. Therefore,
crystalline silicates must be re—-formed in the star formation process, while SiC
is destroyed in the same process. Establishing abundances of both materials in
the diffuse ISM and molecular clouds will determine the way in which these
materials are processed. High quality observations, supplementing archival
Spitzer data, are needed to obtain abundances of these dust species. We propose
to observe a sample of highly reddened stars that probe the dust composition in
their line of sight.

Spitzer Space Telescope — Theoretical Research Proposal #20109

Optical Properties of Cosmic Dust Materials

Principal Investigator: Joseph Weingartner
Institution: George Mason University

Technical Contact: Joseph Weingartner, George Mason University

Co-Investigators:
Gary Ferland, University of Kentucky

Science Category: ISM
Dollars Approved: 48191.0

Abstract:

Many cosmic dust materials exhibit identifying spectral features in the
infrared, and laboratory work has provided detailed infrared optical properties
for numerous materials of astrophysical importance. Thus, the Spitzer Space
Telescope is a powerful tool for determining the grain constituents in a wide
range of cosmic environments, including protoplanetary disks, outflows from
evolved stars, supernovae, star—-forming regions, and active galactic nuclei.
Dust is important both in the physics of these objects and as a diagnostic. For
example, dust absorbs short-wavelength radiation and re-emits at longer
wavelengths, and often dominates the heating or cooling of the gas. Thus,
detailed interpretation of the spectrum, originating in both gas and dust, is
only possible if the optical properties of the dust materials are known across
the entire electromagnetic spectrum. We propose to construct X-ray to
far-infrared (FIR) dielectric functions for a host of important dust materials,
consistent with all available constraints (from laboratory data, basic physical
principles, and astronomical observations). These materials include a variety of
silicates, oxides, and sulfides. The optical properties will be made available
on the World Wide Web and will be incorporated into the spectral simulation code
CLOUDY.
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Spitzer Space Telescope — Archive Research Proposal #30054

The thermal evolution of ices in the environments of newly formed stars:
Archival studies of the CO2 bending mode observed with the Spitzer IRS

Principal Investigator: Douglas Whittet
Institution: Rensselaer Polytechnic Institute

Technical Contact: Douglas Whittet, Rensselaer Polytechnic Institute

Co-Investigators:

Edwin Bergin, University of Michigan

Jean Chiar, SETI Institute

Amanda Cook, Rensselaer Polytechnic Institute

Perry Gerakines, University of Alabama at Birmingham
Erika Gibb, University of Missouri, St. Louis

Gary Melnick, Center for Astrophysics

David Neufeld, Johns Hopkins University

Sachindev Shenoy, Spitzer Science Center

Science Category: ISM
Dollars Approved: 64052.0

Abstract:

We propose research designed to increase our understanding of the thermal
evolution of ices in the environments of deeply embedded young stellar objects
(YSOs) of low to intermediate mass in the local galaxy. This is an important
astrophysical goal because the ices are carriers of key chemical elements and
compounds from interstellar clouds to protostellar envelopes and protoplanetary
disks. It will be accomplished by means of a detailed study of the 15 micron
feature of solid carbon dioxide in high-resolution IRS spectra of class 0 and
class I YSOs from the Spitzer archive. Carbon dioxide is a ubiquitous
constituent of the ices with abundance typically 20-30% relative to water; its
15 micron absorption profile is established as a tracer of the physical and
chemical changes that occur when the ices are heated from typical
molecular—-cloud temperatures to those arising in the warmer envelopes of YSOs.
We aim to build upon our previous work, which includes extensive observational
programs with both ISO and SST, and NASA-funded studies of laboratory analogs in
support of our Spitzer observations. Those observations (GTO program #27; cycle
1 GO program #3303) established the nature and abundance of CO2-bearing ices in
cold, quiescent molecular clouds, results that provide ground-truth for
comparison with the wealth of YSO spectra now available from the SST archive. A
comprehensive study that will help define Spitzer’s contribution to our
understanding of ices in star formation regions is now warranted. Our prior
experience with IRS data reductions and profile modeling, together with the
availability of new results from our synergistic studies of laboratory analogs,
will ensure that we fully extract the information inherent in these profiles.

Spitzer Space Telescope — General Observer Proposal #3303

The Evolution of Astrophysical Ices: The Carbon Dioxide Diagnostic

Principal Investigator: Douglas Whittet
Institution: Rensselaer Polytechnic Institute

Technical Contact: Douglas Whittet, Rensselaer Polytechnic Institute

Co-Investigators:

Edwin Bergin, University of Michigan

Jean Chiar, NASA Ames Research Center/SETI Institute
Perry Gerakines, University of Alabama at Birmingham
Erika Gibb, University of Notre Dame

Gary Melnick, Center for Astrophysics

David Neufeld, Johns Hopkins University

Sachindev Shenoy, Rensselaer Polytechnic Institute

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 39.6

Abstract:

We propose to use the Infrared Spectrometer on board the Spitzer Space Telescope
to carry out a comprehensive study of the carbon dioxide bending-mode absorption
feature centered near 15 microns in astrophysical ices. Previous observations
with the Infrared Space Observatory, together with studies of laboratory
analogs, have shown that this feature has strong diagnostic properties.
Substructures within the feature are sensitive to the thermal history of the
ices and to the formation of linked carbon dioxide/methanol complexes. Both of
these molecules are important repositories for carbon and oxygen in interstellar
ices, and their roles in the chemical evolution of the ices and their
sublimation products are intimately linked. The abundance of carbon dioxide
relative to methanol is a diagnostic of key reaction pathways, measuring the
relative efficiencies of catalytic oxidation and hydrogenation reactions in cold
dark clouds. In regions exposed to the interstellar radiation field, photolytic
reactions may contribute to their formation. The distribution of carbon between
these molecules may subsequently influence the production efficiencies of more
complex organic molecules in regions of active star formation, where the ices
are subject to heating, irradiation and shocks. By studying a range of
absorbers, from pristine ices in dark clouds to processed ices in the vicinity
of embedded stars, we will build a clear picture of the evolution of ices from
the interstellar medium to protostellar envelopes and protoplanetary disks.
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Spitzer Space Telescope — General Observer Proposal #40432

Ices at the lowest temperatures: Spitzer IRS observations of Lynds 134N

Principal Investigator: Douglas Whittet
Institution: Rensselaer Polytechnic Institute

Technical Contact: Douglas Whittet, Rensselaer Polytechnic Institute

Co-Investigators:

Edwin Bergin, Univiersity of Michigan

Jean Chiar, SETI Institute

Amanda Cook, Rensselaer Polytechnic Institute

Perry Gerakines, University of Alabama at Birmingham
Erika Gibb, University of Missouri - St. Louis

Eric Herbst, Ohio State University

Sachindev Shenoy, Spitzer Science Center

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 13.6

Abstract:

Spitzer’s Infrared Spectrograph is providing a vast library of spectra for young
stellar objects (YSOs) of low and intermediate mass that remain embedded in
placental material. Solid-state features of dust and ices are detected routinely
in these spectra, prominent amongst them the carbon dioxide bending-mode
absorption near 15 microns. This feature has strong diagnostic properties, with
potential to yield insight into the chemical pathways that produce CO2 in
different environments and the thermal evolution of the ices in the vicinity of
young stars. However, to fully exploit this potential for interpretation of YSO
spectra, it is essential to establish the nature of CO2-bearing ices in the
coldest regions of molecular clouds, remote from shocks and radiation fields
driven by embedded stars. This requires observation of ice features in the
spectra of background field stars viewed through the dense material. Previous
observations have provided a clear picture of the composition and structure of
the ices in **one** dark cloud (Taurus), but it is not clear whether this cloud
is prototypical: the only currently available comparison line of sight shows
major differences. We propose the first detailed study of ices in L134N, a cold,
chemically-rich, isolated globule that we believe to be an excellent test case
of ambient conditions in the quiescent dark-cloud environment. Background stars
are intrinsically faint in the mid-IR: the sensitivity and spectral coverage of
Spitzer provide a unique opportunity to obtain high quality spectra for a
significant sample of targets.

Spitzer Space Telescope — General Observer Proposal #20012

PAH Emission in the Giant H II Region RCW49

Principal Investigator: Mark Wolfire
Institution: University of Maryland

Technical Contact: Mark Wolfire, University of Maryland

Co-Investigators:

John Mathis, University of Wisconsin

Barbara Whitney, Space Science Institute

Remy Indebetouw, University of Virginia, Charlottesville

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 14.0

Abstract:

We use the giant H II region RCW49 as an astrophysical laboratory to improve our
understanding of PAH emission and PAH emission models. If the broad emission
features seen in the near and mid infrared are due to PAHs, then specific band
ratios and band widths are predicted to change with local conditions. We use the
high spatial resolution of Spitzer along with high sensitivity to create a
series of IRS maps to test these models. In addition, we examine the variation
in the PAH/continuum ratio to probe the small grain abundances. Since the entire
region has been mapped by IRAC we will also directly measure the contribution by
PAH and continuum emission to the IRAC [5.8] and IRAC [8.0] bands and we will
predict the line emission in all IRAC bands from the longer wavelength line
emission measured by the Spitzer IRS high resolution mode.
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Spitzer Space Telescope — General Observer Proposal #30295

Tracking Warm H_2 in Photodissociation Regions

Principal Investigator: Mark Wolfire
Institution: University of Maryland

Technical Contact: Mark Wolfire, University of Maryland

Co-Investigators:
David Hollenbach, NASA Ames Research Center
Michael Kaufman, San Jose State University

Science Category: ISM
Observing Modes: IrsMap
Hours Approved: 23.0

Abstract:

Photodissociation regions (PDRS) include all regions of the interstellar medium
in which far-ultraviolet photons play an important role in the chemistry or
heating of the gas. These include HI clouds, the surfaces of molecular clouds
illuminated by the interstellar radiation field, and molecular clouds
illuminated by intense radiation from nearby massive stars. In general, models
provide a good match to the observations, but several recent observations of H_2
and CO indicate that models underestimate the gas temperature. We propose to
conduct IRS mapping observations of the warm H_2 in several PDRs. The high
spatial resolution and sensitivity of Spitzer will allow us to test PDR models
and determine if additional sources of heating are required. It is essential to
understand the thermal processes in PDRs in order to use PDR models in
comparison with data, to derive physical parameters in the ISM of our Galaxy, as
well as external galaxies. In addition, we will use our data sets to improve our
understanding of PAH emission and PAH emission models. If the broad emission
features seen in the near and mid infrared are due to PAHs, then specific band
ratios and band widths are predicted to change with local conditions. We use the
high spatial resolution of Spitzer along with high sensitivity to create a
series of IRS maps to test these models

Spitzer Space Telescope — General Observer Proposal #20611

The evolution of dust mineralogy in southern star forming clouds

Principal Investigator: Christopher Wright
Institution: Australian Defence Force Academy, University of

Technical Contact: Christopher Wright, Australian Defence Force Academy

Co-Investigators:
Marco Maldoni, Australian Defence Force Academy, University of Ne
Robert Smith, Australian Defence Force Academy, University of Ne

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 7.6

Abstract:

Planets form within the dusty circumstellar disks around young stars. Samples of
the solid material composing our own primitive disk are found in meteorites and
interplanetary dust particles. Using the powerful technique of mid-infrared
spectroscopy via IRS on board Spitzer we will ascertain the composition of the
material existing within the disks around young stars in several southern star
forming regions. We will study a range of disks of varying ages around embedded,
T Tauri, Herbig Ae/Be and Vega-type stars. In so doing we will determine how the
dust composition evolves with time and/or environment, and what physical
processes affect it, in order to better understand how our own solar system
formed.
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Spitzer Space Telescope — General Observer Proposal #30619

The water ice librational band in AFGL 961

Principal Investigator: Christopher Wright
Institution: Australian Defence Force Academy

Technical Contact: Christopher Wright, Australian Defence Force Academy

Co-Investigators:
Robert Smith, UNSWE@ADFA

Science Category: ISM
Observing Modes: IrsStare
Hours Approved: 0.4

Abstract:

The only source "missing" from the ice band database observed by ISO is AFGL 961
in the Rosette Nebula. However, this is an extremely important object because it
is also the only source for which the 13 micron water ice librational band has
been claimed as identified, from an IRAS LRS spectrum. There are several
potential problems with this identification, most notably its apparent
uniqueness, but also the low S/N and low spatial and spectral resolution of the
LRS spectrum. AFGL 961 is also a binary with separation of 6 arcsecs, which
could have an impact on the spectral appearance when observed in the large IRAS
beam. We therefore aim to settle once and for all the question of whether the
librational band of water ice is present toward AFGL 961, and if so determine
why it is so unique amongst its cousin massive and deeply embeded Young Stellar
Objects.

Spitzer Space Telescope — General Observer Proposal #20414

A Large-scale Survey of the Galactic Center at 24 microns

Principal Investigator: Farhad Yusef-Zadeh
Institution: Northwestern University

Technical Contact: Farhad Yusef-Zadeh, Northwestern University

Co-Investigators:

George Rieke, University of Arizona

Joannah Joannah, University of Arizona

Casey Law, Northwestern University

Mark Wardle, University of McQuarie

Michael Burton, University of New South Wells

Science Category: ISM
Observing Modes: MipsScan
Hours Approved: 18.2

Abstract:

We request 18 hours of Spitzer time to make a large-scale (2x8 degrees) map of
the Galactic Center Region at 24micron. This map will provide substantial gains
in resolution and sensitivity over previous infrared data (IRAS, MSX, and ISO).
Over most of the area (> 90%) we expect to achieve a 4-sigma point source
detection limit of ImJy. It is impossible to map this region to this depth in
any other way. Given the unique advantages of the Galactic Center region for
studying the phenomena in galaxy nuclei generally, it is inconceivable that the
Spitzer}mission would be allowed to end without obtaining these data. They will
become a part of the core legacy of the mission. We will use these measurements
to take advantage of the unique physical resolution in the Galactic Center to
compare with the behavior of the central regions of external galaxies. This
comparison will include structures in the Galactic Center that have never been
detected in other galaxies, but presumably are representative of what happens
within them. Examples include the nonthermal filaments and the Galactic Center
Lobe in the radio. The first implies that magnetic fields play a large role in
shaping and controlling the interstellar medium, and the second appears to be a
region of massive outflow. We will also determine an a more accurate estimate of
dust temperature throughout this region and investigate its relationship with
respect to the high neutral gas temperature found in this region. We will also
study the clusters of massive stars and use the new data to identify additional
examples. These studies will draw on the unique and large database available for
this region in the radio and X-ray, much of which has been acquired by the PI
working with various collaborators.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40051

Spectral Mapping of W49A

Principal Investigator: Bernhard Brandl
Institution: University of Leiden

Technical Contact: Bernhard Brandl, University of Leiden

Co-Investigators:

Edward Churchwell, University of Wisconsin-Madison
Dan Watson, University of Rochester

Jim Houck, Cornell University

Science Category: HII regions
Observing Modes: IrsMap
Hours Approved: 3.6

Abstract:

We propose to spectrally map the massive Galactic HII region W49A with
Spitzer—-IRS in low-resolution mode. W49A is one of the most luminous and
prolific massive star formation regions in the disk of the Milky Way. W49A is
unique among massive Galactic star forming regions in that it contains about 40
separate ultra-compact HII regions and several massive, evolved OB clusters,
embedded in 10E6 solar masses of molecular gas -- all located within a region of
about 55pc. Our previous IRAC observations have shown that these components are
closely related. Here we propose to complete our 5-15um spectral map of the
central part of W49A to study the dynamics, physics and chemistry in the core of
a luminous starburst region at reasonably high spatial resolution. The results
will be of great importance to study the formation of massive stars and their
interplay with the surrounding ISM. Previous GTO observations have demonstrated
the technical feasibility of this project but unfortunately missed (due to
scheduling reasons) the most relevant part of the region.

Spitzer Space Telescope — General Observer Proposal #30205

PINNING DOWN THE CHEMICAL ABUNDANCES OF METAL-RICH GIANT HII REGIONS

Principal Investigator: Fabio Bresolin
Institution: University of Hawaii

Technical Contact: Fabio Bresolin, University of Hawaii

Co-Investigators:

Grazyna Stasinska, Observatoire de Paris—Meudon
Bernhard Brandl, Leiden Observatory

Daniel Schaerer, Observatoire de Geneve

Science Category: HII regions
Observing Modes: IrsStare
Hours Approved: 16.9

Abstract:

Measuring chemical abundances for giant extragalactic HII regions is crucial to
understand the evolution of star—-forming galaxies. Yet, there are lingering
uncertainties regarding the techniques used for abundance determination at the
high end of the metallicity scale (roughly solar and above). The so-called
‘statistical’ methods, used commonly for measuring abundances in nearby spirals
as well as in high-redshift star-forming galaxies, provide oxygen abundances
that are up to 2-3 times larger than those obtained from ’‘direct’ methods in the
case of metal-rich nebulae. This discrepancy affects a variety of studies on the
nature of gaseous nebulae. In the past few years our group has collected Keck
and VLT optical spectra of metal-rich HII regions in spiral galaxies with the
purpose of deriving direct abundances, modeling their ionization and thermal
structures, and study their massive stellar content. Out of this sample we have
selected 10 HII regions located in five galaxies and that are believed, based on
direct methods, to have oxygen abundances betweeen 0.7 and 1.7 times the solar
value. We are proposing to obtain Spitzer IRS Short-High spectra for these 10
giant HII regions in order to measure the following emission lines: [Ne II]
12.8, [Ne III] 15.6, [S III] 18.7 and [S IV] 10.5. These fine-structure lines
provide sensitive probes of metal abundances. Forming ratios between these lines
and the available optical lines offers powerful diagnostics of the hardness of
the stellar ionizing field and of the nebular temperature. By fully exploiting
the combination of optical and infrared spectra it will be possible to verify
the presence of severe abundance biases at high metallicity, as predicted for
metal-rich HII regions by ’ab initio’ models, and eventually to obtain
significantly improved determinations of chemical abundances in giant HII
regions, and in star-forming galaxies in the Universe in general.
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Spitzer Space Telescope — General Observer Proposal #40002

The Structure and Evolution of Stellar Wind-Blown Dust Bubbles

Principal Investigator: Edward Churchwell
Institution: University of Wisconsin, Madison

Technical Contact: Edward Churchwell, University of Wisconsin, Madison

Co-Investigators:

Mark Wolfire, University of Maryland
Christer Watson, Manchester College
Barbara Whitney, Space Science Institute

Science Category: HII regions
Observing Modes: IrsMap
Hours Approved: 19.5

Abstract:

We propose to obtain partial spectral line images, using Spitzer/IRS, of four
carefully selected Galactic infrared bubbles (detected in the GLIMPSE survey)
that have different morphologies and are believed to represent different stages
of evolution. The main goals of this program are to: test and constrain
dynamical evolution models of bubbles produced by young O-stars. Temperature,
density, and velocity structure are predicted to change by orders of magnitude
with age and with radius from the central star(s). Confirmation of these
predictions has had limited success because of limitations imposed by
extinction, sensitivity, spatial resolution, and access to probes that sample a
wide range of ionization. IRS is ideally suited to detect and measure the radii
of the various ionization zones and transition regions within stellar wind-blown
bubbles. We propose to do this by obtaining spectral line images of a strip
across the diameter of the four selected bubbles.

Spitzer Space Telescope — General Observer Proposal #50598

IRS Spectral Maps of Photoevaporative Columns in M16, Carina, and the Galactic
Center

Principal Investigator: Angela Cotera
Institution: SETI

Technical Contact: Angela Cotera, SETI

Co-Investigators:

Susan Stolovy, Spitzer Science Center
Janet Simpson, NASA Ames Research Center
Kris Sellgren, University of Ohio

Jeff Hester, Arizona State University
Kevin Healy, Arizona State University

Science Category: HII regions
Observing Modes: IrsMap
Hours Approved: 22.8

Abstract:

Photoevaporated columns of dust and gas - also called elephant trunks, pillars
or fingers - are found in the periphery of H II regions, and have been observed
within the Galaxy, the SMC and the LMC. These features are sites of current star
formation, but the question remains whether the columns persist because stars
formed in the denser regions prior to interactions with the UV radiation and
stellar winds of nearby massive stars, or because of core collapse resulting
from these interactions. Mapping the distribution of the physical states of the
dust and gas in these columns is a necessary step towards understanding the
possible star formation mechanisms within these dynamic objects. We propose to
obtain IRS spectral maps of columns within M 16, the Carina nebula, and the
Galactic center (GC) to understand the effects on these pillars from different
stellar populations and initial conditions, and to better understand star
formation in the GC. Within the spectral range of the high resolution IRS modes
(9.9-37.2 micron) there are a wealth of molecular, atomic and PAH emission lines
that will enable us to determine the excitation state, dust and gas
temperatures, and probe the shock characteristics within the columns. Using the
IRS spectral mapping mode, in conjunction with the CUBISM tool and the CLOUDY H
ITI region model code, we will be able to construct detailed maps of the
accessible emission lines and derived parameters for each column. IRS mapping of
elephant trunks has not been done to date, yet provides a wealth of information
unobtainable for the foreseeable future once Cycle 5 is completed.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #218

Trifid Nebula

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: William Reach, Caltech

Science Category: HII regions
Observing Modes: IracMap MipsPhot
Hours Approved: 2.9

Abstract:

The Trifid Nebula (M20) is a double—nebula, with a blue reflection nebula above
a red ionized nebula, the latter being trisected by dark lanes. This observing
program iamges the reflection and ionized nebulae and the dark lanes. The
mid-infrared emission will trace the reflection nebula via aromatic hydrocarbon
emissions and the dark lane via hot, small grains. Massive protostars have been
detected in the dark lanes using submillimeter observations; the new
mid-infrared observations will fully sample the lower—mass protostars. The
Trifid is one of the youngest known HII regions, and the interaciton of its
young, massive O-type star with its surrounding placental material is clearly
affecting its ability to form new stars.

Spitzer Space Telescope — Theoretical Research Proposal #20269

Jets, Outflows and Feedback in Young Clusters

Principal Investigator: Adam Frank
Institution: University of Rochester

Technical Contact: Adam Frank, University of Rochester

Co-Investigators:
Alice Quillen, University of Rochester

Science Category: HII regions
Dollars Approved: 70000.0

Abstract:

Energetic outflows associated with young stellar objects exert a strong effect
on their parent molecular clouds. Currently the role of jets and outflows in
opening cavities, generating turbulence and/or disrupting their parent clouds
remains unclear. Spitzer images of young clusters provide new views of jet cloud
interactions that can help resolve these critical issues. We propose to use 3-D
Adaptive Mesh Refinement hydrodynamic and magnetohydrodynamic simulations, in
concert with Spitzer databases and other complementary observations, to explore
the issue of jet cloud interactions, turbulence and cloud disruption. By
modeling the jet/cloud interactions with a firm connection to the propoerties of
the observed YSOs and molecular cloud dynamics, we will probe the nature of
momentum input into molecular clouds and use the motions in the molecular cloud
to trace the evolution of outflow and winds from YSOs.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #18

H2 column densities and relative HD abundances toward a variety of warm regions
in the Galaxy and the LMC/SMC

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Keven Uchida, Cornell University

Science Category: HII regions
Observing Modes: IrsMap IrsStare
Hours Approved: 3.5

Abstract:

The relative deuterium abundance in the galaxy, and ultimately, the cosmological
deuterium abundance, can be determined only if reliable H2 reference column
densities can be derived. A promising way to derive H2 column densities is via
the mid-IR rotational lines of para-H2 (S(2) 12 micron and S(0) 28 micron) and
ortho-H2 (S(1l) 17 micron). We use the IRS to observe these lines toward a number
of Galactic HII and SNR regions (M17SW, IC443 and NGC1096A) and regions in the
LMC and SMC (N44, N81, N83B, N88, N113, N159A, N160A, LIRS36). Corresponding
observations of the HD(1-0) line at 112 microns will be performed with SOFIA.
One of us (R.Guesten) is PI of the 2.6 THz heterodyne instrument dedicated to
observations of this transition aboard SOFIA.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #63

Comparative Study of Galactic and Extragalactic HII Regions

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Bernhard Brandl, Sterrewacht Leiden

Science Category: HII regions
Observing Modes: IracMap IrsMap IrsStare MipsPhot
Hours Approved: 35.0

Abstract:

The objective of our program is to study the interplay between massive stars and
the ISM in HII regions. Our sample of Galactic and Extragalactic HII regions
spans a wide range in metallicity, density, mass and age. We will use the IRS to
determine the general properties of the regions using line ratios, the strength
of the PAH features, and the H2 column density at numerous locations within the
clusters. In addition we will use IRAC and MIPS for mapping of the PAH features
(IRAC) over a larger field and the detection of massive, embedded stellar
sources (MIPS).
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Spitzer Space Telescope — General Observer Proposal #20281

Very Small Particles in Photodissociation Regions : further insights with MIPS
SED

Principal Investigator: Christine Joblin
Institution: Centre d’Etude Spatiale des Rayonnements; CNRS-UPS

Technical Contact: Laurent Verstraete, IAS

Co-Investigators:

Alain Abergel, IAS
Jean—-Philippe Bernard, CESR
Francois Boulanger, IAS

Jose Cernicharo, IEM-CSIC
Yannick Deville, LATT-OMP
Maryvonne Gerin, LERMA-OPM
Javier Goicoechea, LERMA-OPM
Emilie Habart, Oss. Astr. Arcetri
Jacques Le Bourlot, LUTH-OPM
Jean—-Pierre Maillard, IAP
William Reach, IPAC

Aude Simon, CESR

John-David Smith, Steward Obs.
David Teyssier, SRON

Laurent Verstraete, IAS

Science Category: HII regions
Observing Modes: MipsSed
Hours Approved: 8.5

Abstract:

The goal of this proposal is to complement our successful Spitzer cycle 1
program ’’'SPECPDR’’ dedicated to the study (with IRS, IRAC and MIPS) of the
nature and evolution of very small dust particles (very small grains and PAHs)
and the chemistry in PDRs. Now available for the first time, the MIPS-SED mode
is well suited to study the emission of the big grains in thermal equilibrium
with the radiation field in PDRs. Combining the spectro-imagery IRS and MIPS—SED
observations, it will be possible to follow the spatial evolution of the
abundance and size distribution of the different dust populations. Moreover, the
combination of the important gas cooling line of [OI] at 63 micron with the dust
emission will allow us to constrain the photoelectric efficiency. It will also
probe the impact on the gas thermal balance of abundance variations of the very
small dust particles. These data will be a benchmark for models describing the
nature and evolution of all dust populations as well as for the excitation and
formation of H2.

Spitzer Space Telescope — General Observer Proposal #3512

Very Small Particles and Chemistry in Photodissociation Regions

Principal Investigator: Christine Joblin
Institution: Centre d’Etude Spatiale des Rayonnements; CNRS-UPS

Technical Contact: Laurent Verstraete, Inst. d’Astrophysique Spatiale

Co-Investigators:

Alain Abergel, IAS, France
Jean—-Philippe Bernard, CESR, France
Francois Boulanger, IAS, France

Jose Cernicharo, IEM-CSIC, Spain
Maryvonne Gerin, LERMA-OPM, France
Javier Goicoechea, IEM-CSIC, Span
Emilie Habart, OA Arcetri, Italy
Jacques Le Bourlot, LUTH-OPM, France
Jean-Pierre Maillard, IAP, France
William Reach, IPAC, CA-USA
John-David Smith, Steward Obs., Univ. Arizona, USA
David Teyssier, SRON, Netherlands
Keven Uchida, Cornell Univ

Laurent Verstraete, IAP, France

Science Category: HII regions
Observing Modes: IracMap IrsMap MipsPhot
Hours Approved: 26.4

Abstract:

The very small particles play a major role in the physics and chemistry of the
interstellar medium, since they dominate the heating of interstellar gas through
photoelectric effect and contribute to the formation of H2. Excited by single UV
photons, their emission can be disentangled from other dust components only in
faint regions with low excitation and with a high spatial resolution. We propose
to use the unique spectro-imagery capabilities of the Spitzer Space Telescope to
study the nature and the evolution of the very small particles together with the
chemistry (H2 formation) across low excitation PDRs. Our sources are selected in
order to span a broad range of physical conditions (radiation field, geometry
and density). Low and high spectral resolution observations are conducted at
positions precisely selected from ISO observations. Broad-band mapping in the
four bands of IRACand MIPS at 24 microns complement the spectroscopic
observations. The data will be interpreted in the frame of a PDR and a dust
models, and the results tested with a laboratory set-up allowing to simulate the
interstellar conditions. Finally our studies of local PDR will be very helpful
to interpret data in external galaxies taken by other Spitzer programs.
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Spitzer Space Telescope — Archive Research Proposal #30696

A Comparison of the Infrared and Ultraviolet Properties of Photodissociation
Regions

Principal Investigator: Stephan McCandliss
Institution: Johns Hopkins University
Technical Contact: Stephan McCandliss, Johns Hopkins University
Co-Investigators:

Kevin France, Johns Hopkins University
Roxana E. Lupu, Johns Hopkins University

Science Category: HII regions
Dollars Approved: 65680.0

Abstract:

We propose to compare Spitzer observations of molecular hydrogen, PAHs, and
thermal dust emission with recent studies of molecular hydrogen and interstellar
dust at ultraviolet wavelengths. We will use archival observations of six
photodissociation regions to examine the environmental dependences of PAH
emission. This will be accomplished by looking for correlations between PAHs and
fluorescent molecular hydrogen, relative to the strength of the ultraviolet
radiation field and the nebular geometry. This investigation would provide a
multi-wavelength observational base for future studies of molecular hydrogen and
dust grains in PDRs.

Spitzer Space Telescope — General Observer Proposal #20517

Very Small Grains and the mid-IR continuum emission from (ultra)compact HII
regions

Principal Investigator: Els Peeters
Institution: NASA Ames Research Center

Technical Contact: Els Peeters, SETI Institute

Co-Investigators:
L.J. Allamandola, NASA Ames Research Center
A.G.G.M. Tielens, Kapteyn Instituut, Groningen, The Netherlands

Science Category: HII regions
Observing Modes: IrsMap
Hours Approved: 4.2

Abstract:

Over the last decade, much effort has been expended on characterizing and
understanding the well-known mid-IR emission features at 3.3, 6.2, 7.7, and 11.2
um, generally attributed to Polycyclic Aromatic Hydrocarbon molecules. However,
the spectra of many sources also show a weak underlying mid-IR continuum. The
origin of this continuum, which varies independently from these IR features, is
less clear but, is often attributed to emission by very small dust particles
(VSGs, ~20 A). These VSGs are a very important component of the interstellar
dust. However, the weakness of the mid-IR continuum and the limited sensitivity
of IR detectors has up to now seriously hampered detailed observational
investigations of the carriers of this continuum. Hence, the characteristics of
these VSGs are presently ill-constrained. We propose to use the ultimate
sensitivity of the IRS on Spitzer to study the mid-IR continuum emission in a
sample of (ultra)-compact HII regions which span a wide range in the strength of
the FUV field and density. The proposed observations will provide a direct
handle on the abundance and the heating agent of their carriers and their
interrelationship to the IR emission features.
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Spitzer Space Telescope — General Observer Proposal #50713

The 15-20 um PAH emission

Principal Investigator: Els Peeters
Institution: SETI Institute

Technical Contact: Els Peeters, SETI Institute

Co-Investigators:
Alexander Tielens, NASA Ames Research Center
Louis Allamandola, NASA Ames Research Center

Science Category: HII regions
Observing Modes: IrsMap
Hours Approved: 4.3

Abstract:

Spitzer has discovered emission features between 15 - 20 um that are considered
new members of the PAH emission band family. These observations clearly indicate
that this emission is comprised of at least two classes of independent
components: distinct, narrow features and broad variable plateaus. These two
components seem to be related with object type. Within the extended star forming
region Orion both the broad plateau and the complex of narrow features are
observed, suggesting that either the carrier of the broad plateau is more stable
against UV photons than the carrier of the distinct narrow features (e.g.

larger size) or the ionization state of the carrier of both features is
different. In other objects, such as NGC2023, the relative intensities of the
narrow features seem to vary with distance from the exciting star. Here, we
propose to obtain SH spectral maps of 3 well-studied HII regions to investigate
variations and similarities in the 15-20 um PAH emission as a function of
position across the HII region and immediate surroundings. These data will be
compared to our previous data of the distribution of the shorter wavelength main
PAH features, the continuum dust emission and the emission of the ionized gas.
The 15 to 20 um features will be analyzed using the Ames PAH IR spectral
database, permitting characterization of the long wavelength PAH features.
Combined, these results will paint a more detailed picture of characteristics of
the carrier of the long wavelength PAH emission.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40359

IRAC/MIPS Survey of the Rosette Nebula

Principal Investigator: George Rieke
Institution: University of Arizona

Technical Contact: Zoltan Balog, University of Arizona

Co-Investigators:

Zoltan Balog, University of Arizona

James Muzerolle, University of Arizona

Elizabeth A. Lada, University of Florida

Carlos Roman-zZuniga, Harvard-Smithsonian CfA

Nadya Gorlova, University of Florida

Gabor Furesz, Smithsonian Astrophysical Observatory

Science Category: HII regions
Observing Modes: IracMap MipsPhot MipsScan
Hours Approved: 10.7

Abstract:

The Rosette Nebula, which is one of the nearest high-mass star forming regions,
is probably the best place to study the effect of high mass stars on their local
environment. This program proposes to map the western part of the nebula as well
as three smaller non-associated parts with IRAC and MIPS. These regions were
missed by the previous IRAC and MIPS surveys. With the new observations we cover
virtually the entire nebula and also match the deep near-IR FLAMINGOS survey of
the region. Combination of the near to mid IR photometric data and high
resolution spectroscopy of young stars embedded in the nebula will help us
answer fundamental questions regarding the star formation history and the
propagation of star formation in the cloud. By comparing our results with those
for less violent star forming regions, we will be able to study the effect of
high mass stars on the surrounding star formation environment
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Spitzer Space Telescope — General Observer Proposal #50082

What’s behind Orion’s Bar?

Principal Investigator: Robert Rubin
Institution: NASA Ames Research Center

Technical Contact: Robert Rubin, NASA Ames Research Center

Co-Investigators:

C. Robert 0’'Dell, Vanderbilt University
Gary Ferland, University of Kentucky

Sean Colgan, NASA Ames Research Center
Janet Simpson, SETI Institute

Edwin Erickson, NASA Ames Research Center

Science Category: HII regions
Observing Modes: IrsMap
Hours Approved: 24.8

Abstract:

We propose to obtain deep spectra of the outer region of the Orion Nebula. The
area of particular interest is SE of the Bar where archival Spitzer spectra have
shown high signal-to-noise lines of [S IV] 10.5 and [Ne III] 15.6 microns. We
were staggered with astonishment to see such S/N in high ionization species well
beyond the Bright Bar, given the conventional view of the Bar as the boundary
between ionized and photodissociated regions (PDR). Previous IR missions
observed only the inner few arcmin, the so-called Huygens region. The extreme
sensitivity of Spitzer’s IRS short-high (SH) and long-high (LH) modules in the
10-37 micron spectral range will permit us to measure the above lines and many
others of interest to much larger distances from the exciting star thetal Ori C.
Orion is the benchmark for studies of the interstellar medium, particularly for
elemental abundances. In the case of the Orion Nebula, the best way to obtain
abundances from observations has been through detailed photoionization modeling.
These new Spitzer spectra will provide a unique, legacy dataset for new science,
including improved current and future models of Orion. Indeed we will use our
own modeling codes for this purpose, one of which self-consistently treats the H
II region and the PDR. The Orion Bar is the defining interface by which all H+ -
HO - H2 regions are judged. Because there must be extra emission along this
sight line, we need to understand this contribution and remove what is not
physically a part of the Bar. Our program will permit a more reliable set of
line emission that actually arises from the Bar that can rigorously be used to
define the interface problem. Our spectra will be the deepest ever taken in
these outer regions of Orion over the 10-37 micron range. Tracking the changes
in ionization structure via the line emission to larger distances provides much
more leverage for understanding the far less studied outer regions. The outer
Veil is likely to provide a new, benchmark HIIR-PDR interface.

Spitzer Space Telescope — General Observer Proposal #3420

Spitzer Survey of Triggered Star Formation in the Carina Nebula

Principal Investigator: Nathan Smith
Institution: University of Colorado

Technical Contact: Nathan Smith, University of Colorado

Co-Investigators:

John Bally, University of Colorado

Ed Churchwell, University of Wisconsin
Robert Gehrz, University of Minnesota
Jon Morse, Arizona State University
Keivan Stassun, Vanderbilt University

Science Category: HII regions
Observing Modes: IracMap
Hours Approved: 9.1

Abstract:

The Carina Nebula is arguably the best available laboratory for studying active
star formation threatened by feedback from extremely massive stars, including
several of the most luminous O-type stars known, WR stars, and Eta Carinae. It
is close enough that we can study the low-mass stellar population, we can detect
protoplanetary disks and jets, and we can spatially resolve individual stars,
star-forming cores, and ultracompact HII regions. Thus, we can identify the
dominant physical processes at work to gain insight to the detailed processes
occurring in extragalactic starbursts. The main long-term goal is to determine
if detailed models derived from study of Orion and Taurus can be applied in more
extreme regions like Carina, or in what ways they need to be modified. We
propose roughly 9 hours of Spitzer time using IRAC to survey 1.2 square degrees
of the southern part of the Carina Nebula. This region is a vivid example of
second—generation (possibly triggered) star formation, containing dozens of
compact IR sources and giant dust pillars that point toward Eta Carinae. A large
IR survey like this is not feasible with ground- based instrumentation, and the
relatively low spatial resolution of MSX or IRAS is of limited usefulness in
such a complex region. Our proposed survey will be fully-sampled and confusion
limited in the IRAC bands, and will provide an excellent compliment to the
GLIMPSE legacy program, which does not include the Carina Nebula.
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Spitzer Space Telescope — General Observer Proposal #20097

Tracking Warm H2 in Photodissociation Regions

Principal Investigator: Mark Wolfire
Institution: University of Maryland

Technical Contact: Mark Wolfire, University of Maryland

Co-Investigators:
David Hollenbach, NASA/Ames Research Center
Michael Kaufman, San Jose State University

Science Category: HII regions
Observing Modes: IrsMap
Hours Approved: 23.8

Abstract:

Photodissociation regions (PDRS) include all regions of the interstellar medium
in which far-ultraviolet photons play an important role in the chemistry or
heating of the gas. These include HI clouds, the surfaces of molecular clouds
illuminated by the interstellar radiation field, and molecular clouds
illuminated by intense radiation from nearby massive stars. In general, models
provide a good match to the observations, but several recent observations of H_2
and CO indicate that models underestimate the gas temperature. We propose to
conduct IRS mapping observations of the warm H_2 in several PDRs. The high
spatial resolution and sensitivity of Spitzer will allow us to test PDR models
and determine if additional sources of heating are required. In addition we will
determine the extent and source of the [Si II] and [Fe II] fine-structure lines.
These diagnostic lines are especially important for extragalactic observations
where beams typically include both neutral and ionized gas. It is essential to
understand the thermal processes in PDRs in order to use PDR models in
comparison with data, to derive physical parameters in the ISM of our Galaxy, as
well as external galaxies.

Spitzer Space Telescope — General Observer Proposal #3697

Tracking Warm H_2 in Photodissociation Regions

Principal Investigator: Mark Wolfire
Institution: University of Maryland

Technical Contact: Mark Wolfire, University of Maryland

Co-Investigators:
Michael Kaufman, San Jose State University
David Hollenbach, NASA Ames Research Center

Science Category: HII regions
Observing Modes: IrsMap
Hours Approved: 7.8

Abstract:

Photodissociation regions (PDRS) include all regions of the interstellar medium
in which far-ultraviolet photons play an important role in the chemistry or
heating of the gas. These include HI clouds, the surfaces of molecular clouds
illuminated by the interstellar radiation field, and molecular clouds
illuminated by intense radiation from nearby massive stars. In general, models
provide a good match to the observations, but several recent observations of H_2
and CO indicate that models underestimate the gas temperature. We propose to
conduct IRS mapping observations of the warm H_2 in the M17-SW PDR. The high
spatial resolution and sensitivity of Spitzer will allow us to test PDR models
and determine if additional sources of heating are required. In addition we will
determine the extent and source of the [Si II] and [Fe II] fine-structure lines.
These diagnostic lines are especially important for extragalactic observations
where beams typically include both neutral and ionized gas. It is essential to
understand the thermal processes in PDRs in order to use PDR models in
comparison with data, to derive physical parameters in the ISM of our Galaxy, as
well as external galaxies.
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Spitzer Space Telescope — Theoretical Research Proposal #30316

Theoretical Studies to Support Spitzer Cluster Surveys

Principal Investigator: Fred Adams
Institution: University of Michigan

Technical Contact: Fred Adams, University of Michigan

Co-Investigators:

Lori Allen, Center for Astrophysics

Tom Megeath, Center for Astrophysics/Univ. Toledo
Phil Myers, Center for Astrophysics

Science Category: star formation
Dollars Approved: 58768.0

Abstract:

For young clusters in the regime of parameter space found in the Spitzer sample,
this project will conduct a theoretical study of their dynamical evolution,
starting from their earliest embedded stage (when the first star forms) out to
ages of 10 Myr. The latest Spitzer observations will be used to set the initial
profiles of the cluster systems to be explored. We will then use N-body
simulations for cluster systems (generally with N = 100 - 1000 members) to study
how their evolution depends on cluster size, initial stellar and gas profiles,
initial mass segregation, and the gas dispersal history. The project will be
statistical in nature, utilizing multiple equivalent realizations to build up
robust distributions of the output measures, including distributions for the
closest approaches of cluster members, distributions of radial locations (which
largely determine the radiation exposure), the bound cluster fraction, the
virial ratio, the isotropy parameter, and the half-mass radius. We anticipate
that about 100 realizations for each set of initial conditions must be performed
in order to obtain robust statistics. We will also produce distributions of the
radiation fluxes produced by the cluster sample, with a focus on FUV, EUV, and
X-ray radiation. The resulting output distributions will provide a lasting
framework from which to assess the effects of clusters on the star formation
process. The distributions of closest approaches will be used in conjunction
with scattering cross sections to determine the importance of dynamical
interactions on forming solar systems. The distributions of radiation fields
will be used in conjunction with theoretical models to determine the importance
of disk photoevaporation. Most stars, and most planets, form in clusters, and
this work will elucidate the role played by the cluster environment in shaping
the properties of the constituent solar systems.

Spitzer Space Telescope — Legacy General Observer Proposal #30574

Gould’s Belt: Star Formation in the Solar Neighborhood

Principal Investigator: Lori Allen
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Lori Allen, Smithsonian Astrophysical Observatory

Co-Investigators:

Brenda Matthews, NRC-HIA

Dave Nutter, Cardiff University

Jes Jorgensen, CfA

James Di Francesco, NRC-HIA

Neal Evans, Univ. Texas

Tim Brooke, Caltech

Paul Harvey, Univ. Texas

Tracy Huard, CfA

Tyler Bourke, CfA

Jane Greaves, St. Andrews

Robert Gutermuth, CfA

Jenny Hatchell, Exeter

Michiel Hogerheijde, Leiden

Doug Johnstone, NRC-HIA

Jason Kirk, Cardiff University

Lewis Knee, NRC-HIA

David Koerner, Northern Arizona Univ.
Tom Megeath, Univ. Toledo

Bruno Merin, Leiden

Lee Mundy, Univ. Maryland

Philip Myers, CfA

Deborah Padgett, Spitzer Science Center
Luisa Rebull, Spitzer Science Center
Karl Stapelfeldt, JPL

Derek Ward-Thompson, Cardiff University
Jeremy Yates, Univ. College London

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 285.0

Abstract:

We propose a Legacy program to obtain observations with IRAC and MIPS of
molecular clouds in Gould’s Belt. These will provide the crucial data shortward
of 200 microns to match the data from large projects with SCUBA-2 on the JCMT
(450 and 850 microns) and SPIRE (200 to 500 microns) on Herschel. Together with
the clouds surveyed by the Cores to Disks (c2d) Spitzer Legacy program and
clouds studied by GTO/GO programs, these observations will complete the census
of star formation regions within 500 pc. All Spitzer data, including previous
GTO/GO data, will be processed through the c2d pipeline to produce a uniform,
complete, and unbiased data base for studies of local star formation.
Scientific goals include the following. We will determine which of the many
dense cores detected by SCUBA-2 have embedded stars and which are starless. We
will compile the statistics of objects in different evolutionary stages to
obtain timescales for these stages, a fundamental check on theory. We will use
the large sample to control for effects of enviroment on star formation. We will
assess the fraction of star formation in distributed and clustered modes,
including the number in groups of various sizes. Finally, we will combine the
MIPS data with the submillimeter data to study the physical conditions in
extended structures with a goal of understanding the formation of dense cores.
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Spitzer Space Telescope — General Observer Proposal #30760

Gas Entrainment and Shock Physics in Giant Protostellar Outflows

Principal Investigator: Hector Arce
Institution: American Museum of Natural History

Technical Contact: Hector Arce, American Museum of Natural History

Co-Investigators:

Alberto Noriega-Crespo, Spitzer Science Center
Mordecai-Mark Mac Low, American Museum of Natural History
Alex Rosen, Max Planck Institute for Radioastronomy
Alyssa Goodman, Harvard University

Alex Raga, UNAM

Science Category: star formation
Observing Modes: IracMap IrsMap IrsStare
Hours Approved: 20.4

Abstract:

The colossal size of giant Herbig-Haro (HH) flows enable them to impact cloud
material parsecs away from their source, thereby affecting the kinematics,
density and chemistry of a substantial volume of their parent cloud. These
energetic phenomena are very important to the general dynamics and evolution of
star—-forming regions. We propose to observe two giant outflows with IRAC and
IRS. Using deep IRAC images, we will map the total extent of the giant outflow
cavities. The IRAC data will be used to analyze the morphology, luminosity and
shape of the flows, which will then be compared to high-resolution molecular
outflow (CO) maps in order to study the outflow entrainment process. We will
also compare our data with hydrodynamic simulations of outflows in order to
further constrain the nature of the protostellar wind and the outflow-cloud
interactions. IRS maps will provide the data to study the properties of the
shocks responsible for entraining the surrounding gas. Combining the IRS data
and multi-line millimeter data will allow us to estimate the energy transfer
efficiency between shocks and the cloud gas and will provide observational
constrains to shock chemistry models.

Spitzer Space Telescope — General Observer Proposal #30896

A Multi-Epoch IRS Accretion Variability Study of Actively Accreting T Tauri
Stars

Principal Investigator: Jeffrey Bary
Institution: University of Virginia

Technical Contact: Jeffrey Bary, University of Virginia

Co-Investigators:
Michael Skrutskie, University of Virginia
Dawn Peterson, University of Virginia

Science Category: star formation
Observing Modes: IrsStare
Hours Approved: 7.7

Abstract:

We propose to use Spitzer and IRS in SL1 and SL2 modes to continue a
short—-/long-term survey of actively accreting T Tauri stars. These observations
will be combined with observations taken during and currently scheduled in Cycle
2 and coordinated with an on-going near—infrared spectroscopic survey of the
same sources. We hope to characterize the time dependence and nature of
accretion variability in these sources and determine if a correlation exists
between inner and outer disk accretion activity. We expect the accretion
variability to manifest itself as fluctuations in the shapes of the near-IR and
mid-IR spectral energy distributions as well as variataions in the line strength
and shapes of accretion-related emission line features.
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Spitzer Space Telescope — Legacy General Observer Proposal #30570

GLIMPSE 3D: The Vertical Stellar and Interstellar Structure of the Inner Galaxy

Principal Investigator: Robert Benjamin
Institution: University of Wisconsin-Whitewater

Technical Contact: Robert Benjamin, University of Wisconsin-Whitewater

Co-Investigators:

Ed Churchwell, University of Wisconsin-Madison

Marilyn Meade, University of Wisconsin-Madison

Brian Babler, University of Wisconsin-Madison

Barbara Whitney, Space Science Institute

Michael Merrifield, University of Nottingham

Martin Cohen, University of California-Berkeley

Christer Watson, Manchester College

Joris Blommaert, Instituut voor Sterrenkunde, K.U. Leuven

Science Category: star formation
Observing Modes: IracMap
Hours Approved: 254.5

Abstract:

Galaxies are three-dimensional stellar systems, but for external galaxies, we
are limited to studying a two dimensional projection. There is only one system
where we can obtain a three dimensional view: our own Milky Way. Fundamental
questions of vertical Galactic stellar structure can be most profitably pursued
in investigations of our own Galaxy, but studies of stellar distributions with
2MASS and other near IR surveys in the inner Galaxy have been fundamentally
limited by extinction. Investigations with COBE/DIRBE have shown that the
mid-infrared is the optimum wavelength range for studies of Galactic stellar
structure; early results using data from the GLIMPSE confirm this. However,
GLIMPSE data is insufficient to constrain the vertical scaleheights of the
different components of the Galaxy. We propose to use IRAC for 254.5 hours to
map 112 square degrees in a series of latitude strips above and below the
Galactic plane in all four IRAC bands. These latitude strips will stretch up to
abs(b)<4.2 deg around the central region of the Galaxy (abs(l)<2 deg) and
include Baade’s window. They will cover abs(b)<3 deg for six latitude strips
centered at 1=3.5, 11, 15, 18.5, 25,and 30 deg. The resulting dataset can be
used to determine the scaleheight of the Galactic bulge, the Galactic bar(s),
the thin stellar disk, the Galactic ring, and the inner spiral arms, with a
variety of different stellar tracers. Mosaicked images will be supplied to
community, and a point source Catalog and Archive will be produced and merged
with the 2MASS catalog, allowing the study of SEDs from 1-8 microns for all
sources. This project will also enable many other scientific investigations,
including off-plane star formation, studies of diffuse IR cirrus, and the
vertical scaleheights of different stellar populations. The understanding of
Milky Way stellar structure gained from this project will be an important legacy
for Galactic and extragalactic researchers alike.

Spitzer Space Telescope — Archive Research Proposal #40592

Peering into the Heart of Galactic Star Formation

Principal Investigator: Edwin Bergin
Institution: University of Michigan

Technical Contact: Sarah Ragan, University of Michigan

Co-Investigators:
Sarah Ragan, University of Michigan

Science Category: star formation
Dollars Approved: 70221.0

Abstract:

Key to the advancement of a star formation study is the identification and
characterization of the earliest stages of the process. Infrared dark clouds are
excellent candidates for the precursors to massive stars and stellar clusters.
Furthermore, the location of many IRDCs is in the Galactic Molecular Ring, where
the majority of stars are born in our Galaxy. Given the larger distances, the
similarity between the process of star formation in the Ring and in the local
clouds is relatively unexplored. We have developed a technique for isolating
fragmenting clumps with IRDCs and determining their properties in an automated
manner based on absorbing structures evident in IRAC 8-micron and MIPS 24-micron
images. We propose here to exploit the wealth of data in the GLIMPSE and MIPSGAL
archives to compile a sample of thousands of clumps with the following
scientific goals: determine the clump mass function, isolate the pre-stellar
phase of massive stars, examine the clump mass-size relation, and evaluate the
level of mass segregation. The proposed study offers the opportunity to
characterize and contrast star formation in a new environment as has been done
for local clouds.
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Spitzer Space Telescope — General Observer Proposal #30919

IRS spectroscopy of extremely young massive protostars

Principal Investigator: Stephan Birkmann
Institution: Max-Planck-Institute for Astronomie

Technical Contact: Stephan Birkmann, Max—Planck-Institute for Astronomie

Co-Investigators:

Martin Hennemann, Max-Planck-Institute for Astronomy
Juergen Steinacker, Max—-Planck-Institute for Astronomy
Dietrich Lemke, Max—-Planck-Institute for Astronomy

Science Category: star formation
Observing Modes: IrsStare
Hours Approved: 5.0

Abstract:

We have established a sample of massive pre-stellar core candidates using the
ISOPHOT Serendipity Survey (ISOSS) and ground based follow-up observations in
the (sub)mm continuum and of molecular lines. Thirteen of these sources were
successfully observed with IRAC and MIPS during GO Cycle 2. Despite their early
evolutionary stage, indicated by low dust and gas kinetic temperatures, all
objects have embedded point sources detected with MIPS at 24 um. The origin of
this mid-infrared emission is yet unknown but might be due to the potential
energy released during the initial gravitational collapse of the core, becoming
a massive protostar or protocluster. We have therefore selected a subsample of
six objects for follow-up observations with IRS and ask for 5 hours of Spitzer
time. The IRS spectra are mandatory to characterize the physical conditions in
the discovered mid-infrared sources and unveil their true nature. This will be
achieved by means of radiative transfer modeling and warm gas diagnostics.

Spitzer Space Telescope — General Observer Proposal #40569

Completing the IRS spectroscopy of young massive protostars

Principal Investigator: Stephan Birkmann
Institution: Max-Planck-Institut fuer Astronomie

Technical Contact: Martin Hennemann, Max-Planck-Institut fuer Astronomie

Co-Investigators:

Martin Hennemann, Max-Planck-Institut fuer Astronomie
Juergen Steinacker, Max—-Planck-Institut fuer Astronomie
Dietrich Lemke, Max-Planck-Institut fuer Astronomie

Science Category: star formation
Observing Modes: IrsStare
Hours Approved: 2.2

Abstract:

This proposal is a partial resubmission of the Cycle-3 program 30919, PI S.
Birkmann. Two targets of that program were not observed because of an error
during peak-up acquisition. Our initial sample consists of 13 massive
pre-stellar core candidates established using the ISOPHOT Serendipity Survey
(IS0SS) and submm and molecular line observations. These were successfully
observed with IRAC and MIPS during GO Cycle-2, and despite their early
evolutionary stage indicated by low dust and gas kinetic temperatures all of
them show embedded 24 um sources that may correspond to extremely young
protostellar objects. To be able to characterize the physical conditions in the
discovered MIR sources we selected a subsample of six objects for follow-up IRS
observations in Cycle-3 which are partly accomplished. Based on the Spitzer
photometric data they are believed to represent different evolutionary stages,
and the two sources not observed constitute the most extreme cases. Via
radiative transfer modeling and warm gas diagnostics we aim to identify the
nature of the discovered sources and place them in an evolutionary context. To
achieve this, it is mandatory to include the missing sources and therefore we
propose to carry out the observations towards them.
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Spitzer Space Telescope — General Observer Proposal #30384

Going Long: Studying the Initial Conditions for Brown Dwarfs and Low-Mass Stars
with Spitzer at 160 microns

Principal Investigator: Tyler Bourke
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Tyler Bourke, Harvard-CfA

Co-Investigators:

Philip Myers, Harvard-Smithsonian Center for Astrophysics
Neal Evans II, University of Texas at Austin

Michael Dunham, University of Texas at Austin

Deborah Padgett, Spitzer Science Center

Jes Jorgensen, Harvard-Smithsonian Center for Astrophysics
Yancy Shirley, Steward Observatory

Tracy Huard, Harvard-Smithsonian Center for Astrophysics
Tim Brooke, Caltech

Jens Kauffmann, Max-Planck-Institut fur Radioastronomie

Science Category: star formation
Observing Modes: MipsScan
Hours Approved: 47.3

Abstract:

We propose to obtain 160 micron maps of 13 dense cores with faint embedded
sources (VeLLOs) and of 27 cores which lack sources. These cores were already
mapped by Spitzer at shorter wavelengths, and by ground based telescopes at
longer wavelengths. They have no observations near 160 microns, so their peak
flux and total luminosities are very uncertain, as are the effects of the ISRF
on their temperature stucture. Our proposed observations will determine each
spectrum and its luminosity accurately enough to separate the contributions from
internal and external heating. With current data, several of the embedded
sources have luminosity < 0.1 Lsun, among the lowest known, which indicates
substellar masses according to simple accretion models. Our more accurate
luminosities will be used to estimate whether these sources have masses of brown
dwarfs or of stars, and the related question of whether these sources have mass
accretion rates expected from the standard model of low-mass star formation.

Spitzer Space Telescope — General Observer Proposal #50477

Lonely Cores: Star Formation in Isolation

Principal Investigator: Tyler Bourke
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Tyler Bourke, Harvard—-SAO

Co-Investigators:

James Di Francesco, Hezberg Institute
Mike Dunham, Univ. Texas

Robert Gutermuth, SAO

Jennifer Hatchell, Univ. Exeter
Tracy Huard, Maryland

Jes Jorgensen, Univ. Bonn

Jens Kauffmann, SAO

Jason Kirk, Univ. Cardiff
Jeong—Eun Lee, Korea

Philip Myers, SAO

Dawn Peterson, SAO

Amelia Stutz, Univ. Arizona

Derek Ward-Thompson, Univ. Cardiff

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 72.6

Abstract:

The standard model of low mass star formation was developed and has evolved
through detailed studies of relatively isolated cores and protostars. They are
still the best places in which to study the star formation process in detail, as
they are nearby and free of the confusing effects of star formation in large
molecular clouds and clusters. Many details are still unclear however, and
studies of a large ensemble of cores at different evolutionary stages in
different environments are needed to address the following outstanding
questions: (1) What are the relative numbers of cores at the different
evolutionary stages, and so what are their lifetimes? (2) How does the physical
structure of a core evolve? (3) How does the evolution of cores to protostars
and the efficiency of star formation depend on environment? (4) When do cores
form protostars? (5) How do core luminosities and spectral energy distributions
(SEDs) change as a function of evolutionary state? All of these issues arise
from the key question in star formation: how do dense cores evolve to form
stars? These questions can be directly addressed by a combination of existing
and new Spitzer observations. Spitzer has observed a number of nearby dense
relatively isolated cores as part of c2d and GTO programs. The existing data
however do not allow for is a systematic study of the entire star formation
process, as it is biased against the youngest, low density cores, and completely
isolated cores, and so does not probe the earliest stages of star formation, nor
the effects of environment. We propose to double the sample of isolated low-mass
cores observed with Spitzer with the additional sample selected in such a way as
to remove these biases. We will determine their structure through extinction
mapping with IRAC (combined with K-band observations), and their protostellar
content or lack thereof with sensitive MIPS observations. Our proposed
observations will provide much needed insight into the low-mass star formation
process.
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Spitzer Space Telescope — General Observer Proposal #50326

Direct Physical Diagnostics of Triggered Star Formation

Principal Investigator: Crystal Brogan
Institution: National Radio Astronomy Observatory (NRAO)

Technical Contact: Crystal Brogan, NRAO

Co-Investigators:

Remy Indebetouw, University of Virginia
Claudia Cyganowski, University of Wisconsin
Ed Churchwell, University of Wisconsin
Mark Wolfire, University of Maryland
Barbara Whitney, Space Science Institute
Christer Watson, Manchester College

Science Category: star formation
Observing Modes: IrsMap
Hours Approved: 14.8

Abstract:

We propose to combine the unique spectroscopic capabilities of Spitzer IRS and
the VLA to study possible instances of triggered star formation using a more
comprehensive range of diagnostics than ever before. This study is essential to
move beyond morphological and photometric color arguments (e.g. the spatial
distribution of red sources) for triggered star formation. In particular,
Spitzer IRS data will allow us to (I) Determine the ionized gas properties via
comprehensive photoionization modeling of the HII region; (II) Perform detailed
modeling of the PDR including penetration of UV radiation and heating; (III)
Locate and model shocks that may be compressing gas in the triggering zone; and
(IV) Tightly constrain the nature and evolutionary state of embedded sources in
the rim to see if their age and the distribution of circumstellar material is
consistent with formation by triggering. Together with VLA ammonia data
(proposed separately) these Spitzer IRS diagnostics will allow us to
conclusively determine the nature of the triggering forces (ionized gas pressure
and shocks), conditions in the triggered molecular gas, and the natures of the
putatively triggered protostars. Moreover, by providing a complete picture of
the physical conditions in the ionized, PDR, and molecular gas, these data offer
the best chance to date to distinguish between the leading theories for HII
region triggering: collect-and-collapse and radiation driven implosion.

Spitzer Space Telescope — Legacy General Observer Proposal #50398

Spitzer Mapping of the Outer Galaxy (SMOG)

Principal Investigator: Sean Carey
Institution: Spitzer Science Center

Technical Contact: Sean Carey, SSC

Co-Investigators:

Alberto Noriega-Crespo, Spitzer Science Center
Kathleen Kraemer, Air Force Research Laboratory

Don Mizuno, Boston College

Stephan Price, Air Force Research Labortory

Deborah Padgett, Spitzer Science Center

Francine Marleau, Spitzer Science Center

Sachin Shenoy, Spitzer Science Center

Thomas Kuchar, Boston College

Babar Ali, IPAC

Bruce Berriman, IPAC

Sergio Molinari, Istituto Fisica Spazio Interplanetario—CNR
Leonardo Testi, Arcetri Observatory

Roc Cutri, IPAC

Remy Indebetouw, University of Virginia

Bill Latter, IPAC

Francois Boulanger, IAS-Universite Paris-Sud
Marc-Antoine Miville-Deschenes, IAS-Universite Paris-Sud
Luisa Rebull, Spitzer Science Center

Roberta Paladini, Spitzer Science Center

Russ Shipman, SRON

Steven Gibson, NAIC

Lee Rottler, IPAC

Mark Heyer, UMASS/FCRAO

Nicolas Flagey, Spitzer Science Center

Joe Hora, Harvard-Smithsonian Center for Astrophysics
Chris Brunt, University of Exeter

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 149.0

Abstract:

We propose mapping a 21 square degree area with IRAC and MIPS of a
representative region of the outer Galaxy (1=102-109, b=0-3). From these data
and previous and future surveys in the submillimeter and millimeter, the
specifics (rate, IMF) of star formation of the survey region will be measured.
This direct measurement of the star formation efficiency will then be placed in
context with ongoing work for the inner Galaxy, nearby molecular clouds and
massive star forming regions, the Magellanic clouds and galaxies at larger
distances. A set of optimally reduced mosaics and well-characterized source
catalogs will be made available to the community. As with previous large Spitzer
local group mapping programs, GLIMPSE, MIPSGAL & SAGE, this data set will be a
fertile source for studying such topics as evolved stars, Galactic structure,
dust physics and the diffuse ISM.
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Spitzer Space Telescope — General Observer Proposal #50130

Extended 4.5 micron GLIMPSE Sources: Rapidly Accreting Massive Protostars?

Principal Investigator: Ed Churchwell
Institution: University of Wisconsin

Technical Contact: Ed Churchwell, University of Wisconsin

Co-Investigators:

Christer Watson, Manchester College

Claudia Cyganowski, University of Wisconsin - Madison
Barbara Whitney, Space Science Institute

Science Category: star formation
Observing Modes: IrsMap
Hours Approved: 10.9

Abstract:

We propose to obtain spectral line images, using Spitzer/IRS, toward 11 of 300+
cataloged extended 4.5?m excess sources from the GLIMPSE survey. They are
believed to be massive protostars in the earliest stages of rapid accretion
accompanied by powerful bipolar outflows. If so, they may represent the earliest
stage of massive star formation yet observationally identified, well before
their final mass is reached. At present, this is mostly conjecture based on
mid-IR spectral energy distributions and associations with massive star
formation tracers such as radio masers, location in infrared dark clouds, and
HII regions. Infrared spectra are required to establish the nature of these
intriguing objects. IRS spectra will permit us to probe the ionization
distribution around the central protostar, the shocked gas produced by outflows
crashing into the ambient ISM, the PDR associated with the objects, and the
properties of the infrared dark clouds in which they are embedded. The objects
are small, typically ?20? in extent, and can be imaged in spectral lines with a
redundancy of 4 in less than one hour/source. Imaging 10-12 objects is necessary
to establish mean properties and their dispersion for this class of objects.

The IRS data will be supplemented by sensitive, high resolution radio continuum
and molecular line observations from CARMA and the VLA that will provide data on
associated molecular gas properties, thermal dust emission, and free-free
emission from ionized gas.

Spitzer Space Telescope — General Observer Proposal #50758

Star Formation in the Outer Galaxy

Principal Investigator: Meredith Drosback
Institution: University of Colorado

Technical Contact: Meredith Drosback, University of Colorado

Co-Investigators:

James Aguirre, University of Colorado

John Bally, University of Colorado

Adam Ginsburg, University of Colorado

Jason Glenn, University of Colorado

Paul Harvey, Uniersity of Texas, Austin

Miranda Nordhaus, University of Texas, Austin
Erik Rosolowsky, Harvard Center for Astrophysics
Jonathan Williams, University of Hawaii

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 13.1

Abstract:

We propose to obtain IRAC and MIPS scans of a well-defined region toward the
galactic anti-center. We have 1.1 mm images of the region from the Bolocam
Galactic Plane Survey (BGPS), and will use the combined infrared and millimeter
wavelength data sets to study the formation of stars in this unique environment.
The gas in the outer galaxy has different physical properties, such as
metallicity and interstellar pressure, than the more typical star—forming
regions in the galactic center thus enabling us to compare the star formation
process across a wide range of environments. We will use the combined MIPS,
IRAC, and BGPS images to characterize the morphology of the young protostellar
cores at various wavelengths. We will measure physical properties such as size
and mass, and create continuous spectral energy distributions of these cores
from 3.6 microns to 1.1 mm in order to determine their stage of star formation.
The mid- and far-infrared images from Spitzer are a crucial piece of this study
to elucidate the nature of star formation in the outer galaxy.
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Spitzer Space Telescope — General Observer Proposal #30563

Very Low Luminosity Objects: Investigating the Lowest Luminosity, Embedded
Protostars with Spectra from 5-100 microns

Principal Investigator: Michael Dunham
Institution: University of Texas at Austin

Technical Contact: Michael Dunham, University of Texas at Austin

Co-Investigators:

Neal Evans, University of Texas at Austin

Philip Myers, Harvard-Smithsonian Center for Astrophysics
Tyler Bourke, Harvard-Smithsonian Center for Astrophysics
Tracy Huard, Harvard-Smithsonian Center for Astrophysics

Jes Jorgensen, Harvard-Smithsonian Center for Astrophysics
Subhanjoy Mohanty, Harvard-Smithsonian Center for Astrophysics

Science Category: star formation
Observing Modes: IrsStare MipsSed
Hours Approved: 15.2

Abstract:

One of the most surprising results from the Spitzer Space Telescope Legacy
Project "From Molecular Cores to Planet Forming Disks" has been the discovery of
a very low luminosity protostar (L ~ 0.1 Lsun) in L1014, a dense core previously
believed to be starless. Other, similar objects have now been discovered in
other cores as well, leading to the definition of a new class of Very Low
Luminosity Objects. These objects are difficult to understand in the standard
model of star formation, they either feature mass accretion rates much lower
than predicted, masses far below the stellar/substellar boundary, or some
combination of the two. Understanding these objects is essential for the
development of a complete picture of low-mass star and brown dwarf formation.

We propose a project to obtain low-resolution IRS and MIPS SED mode spectra of
17 of these Very Low Luminosity Objects at wavelengths ranging from 5 to 100
microns. These observations will allow us to place constraints on the
luminosities of these sources not possible with existing data. This will allow
us to confirm the current results suggesting these sources all have luminosities
less than or equal to 0.1 Lsun. We will also use the observations to probe the
properties of the dust in the regions surrounding these heavily embedded
objects. Finally, they will allow us to investigate the presence and properties
of circumstellar disks around these objects, and through this, a possible
explanation for their very low luminosities.

Spitzer Space Telescope — General Observer Proposal #50295

A Search for Evidence of Episodic Mass Accretion: IRS and MIPS SED Mode
Observations of 21 Low-Luminosity, Embedded Protostars

Principal Investigator: Michael Dunham
Institution: University of Texas at Austin

Technical Contact: Michael Dunham, University of Texas at Austin

Co-Investigators:

Klaus Pontoppidan, California Institute of Technology
Jeong—-Eun Lee, Sejong University

Neal Evans, University of Texas, Austin

Phil Myers, Harvard-Smithsonian Center for Astrophysics
Tyler Bourke, Harvard-Smithsonian Center for Astrophysics
Tracy Huard, University of Maryland

Melissa Enoch, University of California, Berkeley

Science Category: star formation
Observing Modes: IrsStare MipsSed
Hours Approved: 28.6

Abstract:

The Spitzer Space Telescope Legacy Project "From Molecular Cores to Planet
Forming Disks" (c2d) has completed a 3.6 — 160 micron imaging survey of nearby,
low-mass star forming regions. Approximately 50 embedded protostars with
luminosities less than 1 solar luminosity have been identified, many of which
were not known based on previous lower-sensitivity, lower-resolution surveys
(e.g., IRAS). They are difficult to understand in the standard model of star
formation, which predicts higher luminosities than observed for these objects.
One proposed solution to this problem is that matter accretes from the envelope
at a more or less uniform rate, but is stored in the disk for a period of time
before accreting onto the star in a short-lived burst. If this process of
episodic accretion occurs, the short-lived bursts will heat the surrounding
envelope and leave imprints in its chemistry long after the burst ends and the
source luminosity and envelope temperature drop. In particular, they will create
a component of pure CO2 ice in an irreversible process; this component can be
identified through high-resolution Spitzer-IRS observations. We propose to
obtain a complete data set of IRS SH, IRS LL1, and MIPS SED mode spectra for 21
objects with luminosities below 1 Lsun. These data will enable us to search for
a component of pure CO2 ice in the 15.2 micron CO2 absorption feature, which
previous work on higher luminosity (1-10 solar luminosities) sources has already
proven to be feasible. We will also obtain accurate constraints on current
source luminosities and envelope temperature structures, obtained through models
constrained by the IRS and MIPS SED spectra. Combining these studies will allow
us to obtain an unambiguous answer to the question of whether or not these
sources have featured past accretion bursts.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #286

Protosteller Evolution in the Main Accretion Phase

Principal Investigator: Melissa Enoch
Institution: Caltech

Technical Contact: Melissa Enoch, Caltech

Science Category: star formation
Observing Modes: IrsStare
Hours Approved: 12.3

Abstract:

I will focus my research on the evolution of the most deeply embedded
protostellar objects in their main accretion phase. The projects outlined in my
proposal are designed to study the lifetime of the main accretion phase, the
innermost envelope structure, the timescale for disk formation, and the
disk-to-envelope mass fraction in young protostars. My research will utilize
archival Spitzer Legacy data, primarily from the Cores to Disks Legacy Project,
as well as proposing new Spitzer IRS and CARMA millimeter interferometric
observations of highly embedded protostars.

Spitzer Space Telescope — Directors Discretionary Time Proposal #50536

Detecting the First Hydrostatic Core with Deep 70 micron Imaging

Principal Investigator: Melissa Enoch
Institution: Caltech

Technical Contact: Melissa Enoch, Caltech

Co-Investigators:

Jeong-Eun Lee, Sejong University, Korea
Michael Dunham, University of Texas, Austin
Paul Harvey, University of Texas, Austin

Science Category: star formation
Observing Modes: MipsPhot
Hours Approved: 7.8

Abstract:

We propose to complete deep 70 micron imaging of 7 first hydrostatic core (FHSC)
candidates. Intermediate between the prestellar and Class 0 protostar phases,
the FHSC is a transient, quasi-equilibrium core of molecular hydrogen accreting
from the surrounding dense envelope; the lifetime of this FHSC is only le3 - 3e4
years. The FHSC phase has not yet been observationally verified, and MIPS is the
only far—-IR instrument currently sensitive enough to detect it. Candidates are
chosen from a sample of dense starless cores in the Perseus, Serpens, and
Ophiuchus molecular clouds, which was assembled using the combination of Spitzer
IRAC and MIPS maps from the c2d Legacy program and Bolocam 1.1 mm continuum
maps. We intend to integrate down to nearly the confusion limit at 70 micron,
with a 1 sigma rms of 1.5 - 2.8 mJy and improved sensitivity over previous c2d
maps by a factor of 10. The proposed observations are sensitive enough to detect
a FHSC over more than 70% of its lifetime, based on predictions from radiative
transfer models. Predicted fluxes from these models suggest that deep 70 micron
imaging will either confirm the existence of this short-lived phase of the star
formation process, or place strong constraints on the presence of a FHSC in
these targets. This is a relatively high-risk, high-gain project that requires
the unique capabilities of the cold Spitzer 70 micron array.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #46

Deep IRAC Imaging of High Mass Protostars

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Tom Megeath, Harvard, CfA

Science Category: Star Formation
Observing Modes: IracMap IrsMap
Hours Approved: 3.2

Abstract:

We will perform deep IRAC imaging of three high mass star forming regions:
M17SW, NGC 6334 I, and NGC 281West. All three regions are known to contain
deeply embedded high mass protostars in regions where the extinction is in
excess of 50 AV. We will probe these high extinction regions for deeply embedded
low mass stars. From this measurement, we can estimate the stellar densities in
the immediate vicinities of forming high mass stars and test theories which
explain the formation of high mass stars through collisions of lower mass stars.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30050

Star Formation in Bright Rimmed Clouds

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Lori Allen, Smithsonian Astrophysical Observatory

Co-Investigators:

Lori Allen, SAO

Sean Carey, SSC

Tom Megeath, Univ. of Toledo

Chris De Vries, Cal State Stanislaus

Science Category: star formation
Observing Modes: IracMap MipsPhot
Hours Approved: 3.8

Abstract:

Bright-rimmed clouds (BRCs) are small, isolated molecular gas clouds with at
least one edge ionized by neighboring OB stars. Because of their compact nature
and physical isolation from the more turbulent star forming regions in giant
molecular clouds, they are excellent laboratories for the study of triggered
star formation. The goal of this program is to obtain a complete census of
protostars and young stars in a distance-limited sample of BRCs. The spatial
distributions of the embedded protostars and young stars will be analyzed for
signatures of sequential, or triggered, star formation. We propose to image a
sample of 13 BRCs in the four IRAC bands and in the 24 and 70 micron bands of
MIPS. The sample is drawn from that of Sugitani et al. (1991, 1994) for BRCs
within 1 kpc of the Sun. The proposed observations will have sufficient
sensitivity to reliably detect the entire T-Tauri population within the sample,
sub-stellar mass objects well into the brown dwarf regime, and Class 0
protostars down to 0.5 solar masses. They will provide, for the first time, a
complete census of the space and luminosity distributions of young stars within
these clouds.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30335

Census of the Embedded Population of the Vela Molecular Remnant Cloud-D

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Massimo Marengo, Harvard-CfA

Co-Investigators:

Massimo Marengo, Harvard-Smithsonian Center for Astrophysics
Howard Smith, Harvard-Smithsonian Center for Astrophysics
Dario Lorenzetti, INAF, Osservatorio Astronomico di Roma
Teresa Giannini, INAF, Osservatorio Astronomico di Roma

Lori Allen, Harvard-Smithsonian Center for Astrophysics
Tomas Megeath, Harvard-Smithsonian Center for Astrophysics
Robert Gutermuth, Harvard-Smithsonian Center for Astrophysics
Fabrizio Massi, INAF, Osservatorio Astronomico di Arcetri
Brunella Nisini, INAF, Osservatorio Astronomico di Roma
Davide Elia, Universita di Lecce

Francesco Strafella, Universita di Lecce

Massimo De Luca, INAF, Oss. Astronomico di Roma

Alessio Caratti o Garatti, INAF, Oss. Astronomico di Roma

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 11.3

Abstract:

We propose to exploit the large-scale, high-sensitivity imaging capabilities of
IRAC and MIPS on board SPITZER in order to perform a deep IR survey toward a
molecular cloud (D) in the Vela Molecular Ridge (VMR-D). This cloud hosts a
large number of young embedded sources, both in clusters and isolated, as well
as mm-emission peaks associated with gaseous filamentary structure, discovered
by our ground based near—-IR and mm observations. By correlating the SPITZER maps
with the existing data, our aims are (i) to identify and classify, from the
combined NIR, mid-IR and mm SEDs, the embedded young object population of the
cloud. This will be used to characterize the protostellar content and to
understand the effects of the environments on the star forming process; (ii) to
obtain an unbiased map of the protostellar jets distribution through the
detection of shocked emission lines falling in the IRAC filters; (iii) to define
a sample of well selected proto-stellar objects located in the southern
hemisphere for future interferometric follow—up with ALMA.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30641

Extending the Spitzer Orion Molecular Cloud Survey

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Tom Megeath, Harvard, CfA

Co-Investigators:

Lori Allen, SAO

Joe Hora, SAO

Rob Gutermuth, SAO

Lee Hartmann, University of Michigan
Phil Myers, SAO

John Stauffer, SSC

James Muzerolle, University of Arizona
Erick Young, University of Arizona

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 21.0

Abstract:

The Orion Molecular Cloud Complex is the most active region of star formation
within 500 pc sun, containing several sites of high mass star formation, the
largest known embedded cluster in the nearest 1 kpc, and over 2000 low mass
stars. As part of the IRAC and MIPS instrument team Guaranteed Time Programs, we
have surveyed 7.7 sq degrees with the IRAC and MIPS instrument. Using this data,
we have surveyed the cloud for young stars with disks and protostars, and have
mapped the distribution of over 2000 objects. We propose to extend this map with
two goals: 1.) to map the extended halo of young stars surrounding the Orion
Nebula Cluster in order to constrain the dynamical evolution of this cluster,
and 2.) to map relatively quiescent sub-clouds of the Orion B cloud in order to
better understand the importance of triggering in this cloud.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30784

IRAC GTO Map Extensions

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Lori Allen, Smithsonian Astrophysical Observatory

Co-Investigators:

Tom Megeath, Univ. Toledo
Joe Hora, SAO

Luis Chavarria, SAO

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 7.0

Abstract:

We propose to extend the IRAC and MIPS maps of star—-—-forming regions in IRAC GTO
programs 6 (Embedded Clusters Survey) and 201 (Infrared Photodissociation
Regions). The proposed observations will double the size of our existing map in
Corona Australis, and add small but critical areas to the maps of S235, S255,
and NGC7538.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40056

Search for star—-formation in Lynds opacity class 6 clouds

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Babar Ali, California Institute of Technology

Co-Investigators:

Lori Allen, Harvard-Smithsonian Center for Astrophysics
John Stauffer, Caltech/IPAC

Luisa Rebull, Caltech/IPAC

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 10.0

Abstract:

This proposal seeks to survey 3 Lynds dark clouds using IRAC and MIPS. The
primary aim of this study is to search for signs of star—-formation, particularly
for the lowest-mass proto-stars and brown dwarfs. The study is motivated by
recent results from Spitzer that suggest that the so-called "starless" cores may
not necessarily be starless. In this proposal, we are taking advantage of the
opportunity provided by Spitzer to extend the sample of starless cores to
include those that have received little or no attention, usually due to observer
biases towards cores with bright star-formation markers (eg. associated IRAS
sources). Results from the proposed observations have direct implications for
how the low-mass end of the initial mass function is populated in the Galaxy as
well as on the lifetimes and evolution of dark cores. In the light of the recent
Spitzer results, and the exciting science they will make possible, these clouds
now merit a much closer look.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40147

Clusters Near Clusters

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Robert Gutermuth, SAO

Co-Investigators:

Tom Megeath, University of Toledo

Phil Myers, Smithsonian Astrophysical Observatory
Judy Pipher, University of Rochester

Lori Allen, Smithsonian Astrophysical Observatory

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 22.9

Abstract:

A systematic search through the Spitzer GTO Young Cluster Survey IRAC, MIPS, and
ancillary data has revealed that the coverage of some primary target clusters of
young stellar objects as well as several newly discovered nearby secondary
groups is spatially incomplete, truncating the full extent of these clusters as
revealed by Spitzer. We propose IRAC and MIPS survey extensions to expand
coverage of exceptionally large primary targets and newly discovered nearby
secondary groups of young stellar objects found in the Spitzer GTO Young Cluster
Survey.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40402

W5 Map Extension

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Lori Allen, Smithsonian Astrophysical Observatory

Co-Investigators:

Lori Allen, SAO

Xavier Koenig, Harvard University
Joseph Hora, SAO

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 3.9

Abstract:

We propose one IRAC map and two MIPS scan maps to extend (and complete) our map
of W5. Previous MIPS observations (PID20300) just missed the deeply embedded
star formation on the eastern—-—most edge of the HII region. One of the proposed
MIPS observations will cover this region, matching our IRAC coverage. The second
MIPS AOR will fill a narrow gap in the middle of our map at 70 microns, enabling
us to complete our analysis of the dust emission in the bright rim surrounding
W5. The current gap unfortunately passes along a ridge of 70 micron emission,
where the two HII region bubble walls meet. The IRAC map covers the northeast
corner of the bright rim, completing our map.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40440

Subarray observations of bright young stars

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Luis Chavarria, Smithsonian Astrophysical Observatory

Co-Investigators:
Luis Chavarria, SAO
Lori Alllen, SAO
Joseph Hora, SAO

Science Category: star formation
Observing Modes: IracMap
Hours Approved: 0.4

Abstract:

We propose to carry out IRAC subarray imaging of bright embedded stars in three
of the high mass star forming regions previously imaged with IRAC: S255, NGC7538
and AFGL4029. All three regions contain deeply embedded high mass protostars in
high extinction molecular clouds. These subarray mode observations will enable
us to obtain unsaturated measurements of the massive protostars and to probe
these high extinction regions for deeply embedded associated stars. From this
measurement, we can estimate the stellar densities in the immediate vicinities
of forming high mass stars and test theories which explain the formation of high
mass stars through collisions of lower mass stars.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40448

Deep imaging of rich clusters in W5

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Xavier Koenig, Harvard-SAO

Co-Investigators:

Xavier Koenig, Harvard-Smithsonian Center for Astrophysics
Lori Allen, Smithsonian Astrophysical Observatory

Joseph Hora, SAO

Science Category: star formation
Observing Modes: IracMap
Hours Approved: 10.7

Abstract:

W5 is part of the well-known chain of large HII regions in the Perseus arm,
W3/W4/W5; however it is well segregated from W3/W4. At a distance of 2 kpc, W5
is comprised of multiple overlapping bubbles of ionized gas, extending over 2 x
1.5 degrees on the sky. We have recently uncovered previously unknown dense
clusters surrounding massive O stars in the interior of the W5 star forming
region with IRAC and MIPS observations. We propose to obtain deep images of
these clusters with IRAC in an effort to improve both the signal to noise of the
stars we detect in these clusters, and the spatial resolution of our
observations. This will help us to compare more directly with our near-IR and
optical data for the same dense clusters, and better understand their mass
functions and ages. This in turn will enable us to measure more accurately the
age sequence of star clusters across all of W5 and understand if triggering is a
possible mechanism to explain this sequence. The proposed observations will
improve the sensitivity of our existing IRAC observations by a factor of 4.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50026

MIPS and IRAC Imaging of High Mass Protostellar Cores

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Howard Smith, Harvard-SAO

Co-Investigators:

TK Sridharan, CfA

Tushara Pillai, CfA

Nimesh Patel, CfA

Qizhou Zhang, CfA

Joe Hora, CfA

Eric Keto, CfA

Sergio Molinari, ISFI-Roma
Fabiani Faustini, IFSI-Roma
Barbara Whitney, Space Science Institute
Murray Campbell, Colby College

Science Category: star formation
Observing Modes: IracMap MipsPhot
Hours Approved: 11.0

Abstract:

We propose an infrared study of a thorough set of 140 embedded high mass
protostellar cores (HMPOs) that span a range of early types. Our sample is
selected from well-studied objects in our previous cm/mm/IR wavelength programs.
Most of our embedded core sources are undetected at [K], but are seen by IRAC
Band 4 and MSX; all are associated with IRAS luminous sources, and most have
some associated molecular outflow. We have limited this sample to those cores
probably closer than 5kpc. We propose Spitzer MIPS70 pointed super resolution
observations of the 55 sources in our sample that have had no previous MIPS 70um
observations; we propose MIPS24 on 29 of these that are unlikely to saturate;
and we propose IRAC imaging on 30 with no previous IRAC observations and whose
IRAS colors are indicative of stellar neighbors that we want to spatially
resolve. We will use these data, to study systematically the character of these
high mass protostellar cores. Our team has recently published two new papers on
the SEDs of individual objects in our full sample that had been previously
observed. Our program includes extensive SED modelling, and the team includes
experts in modeling.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50045

Spectra of Massive Young Stars in the Cygnus—-X Complex

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Joseph Hora, Harvard-SAO

Co-Investigators:

Joseph Hora, CfA

Sylvain Bontemps, Observatoire de Bordeaux
Tom Megeath, University of Toledo
Nicola Schneider, CEA/Saclay
Frederique Motte, CEA/Saclay

Sean Carey, Spitzer Science Center
Robert Simon, University of Cologne
Eric Keto, CfA

Howard Smith, CfA

Lori Allen, CfA

Rob Gutermuth, CfA

Kathleen Kraemer, AFRL

Don Mizuno, AFRL

Stephan Price, AFRL

Joseph Adams, Cornell University

Science Category: star formation
Observing Modes: IrsMap
Hours Approved: 20.0

Abstract:

We propose to use the IRS to obtain 5-40 um spectra of a sample of massive stars
that are forming in the Cygnus-X region. Cygnus—X is the richest known region in
IR-luminous and IR—quiet massive protostars within 2 kpc, and thus is a unique
laboratory to study the poorly constrained early stages of massive star
formation. The sample will be selected mainly from MSX sources and IR-quiet
millimeter continuum sources, and will contain objects with a range of masses
and at various stages of evolution. These data will enable us to determine how
the properties of these massive stars change as they evolve towards the main
sequence. We will also be able to examine the effects that these stars are
having on their surroundings, including outflows into the nearby ISM and also in
triggering further star formation.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50070

Probing the Interaction of a Supergiant and the Orion A Molecular Cloud: The
Kappa Ori Ring

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Tom Megeath, Ritter Observatory, University of Toledo

Co-Investigators:

Tom Megeath, University of Toledo

Lori Allen, Harvard Smithsonian CfA
John Stauffer, SSC

Erick Young, Steward Observatory

Phil Myers, Harvard Smithsonian CfA
Rob Gutermuth, Harvard Smithsonian CfA
Judy Pipher, University of Rochester
Lee Hartmann, University of Michigan
James Muzerolle, Steward Observatory

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 13.8

Abstract:

The Orion A cloud is the most active giant molecular cloud with 500 pc of the
Sun. The molecular cloud was surveyed as part of the GTO program with the IRAC
and MIPS instruments; these data provided an unbiased census of protostars and
young stars in all the environments. This survey found large numbers of relative
isolated stars in uncrowded environments parsecs away from the young OB stars in
the Orion Nebula. However, recent maps of the molecular cloud show that the
Orion A cloud extends further south than previous thought and that only 3/4 of
the cloud was mapped in the previous survey. Furthemore, the southern extension
of this cloud forms a ring around the B1I star Kappa Ori (or Saiph). We propose
to map this region to complete the unbiased survey of the Orion A cloud, to
determine if Saiph is indeed interacting with Orion A, and if so, to measure the
impact of that interaction on star formation in the Orion A cloud.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50109

Completing the Census of Embedded Population in the Vela Molecular Ridge Cloud-D

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Massimo Marengo, Harvard—-SAO

Co-Investigators:

Massimo Marengo, Smithsonian Astrophysical Obs.
Howard Smith, Smithsonian Astrophysical Obs.

Dario Lorenzetti, INAF Oss. Astronomico di Roma
Teresa Giannini, INAF Oss. Astronomico di Roma
Brunella Nisini, INAF Oss. Astronomico di Roma
Massimo De Luca, INAF Oss. Astronomico di Roma
Fabrizio Massi, INAF Oss. Astronomico di Arcetri
Davide Elia, Universita del Salento — Lecce
Francesco Strafella, Universita del Salento - Lecce

Science Category: star formation
Observing Modes: IracMap
Hours Approved: 4.0

Abstract:

The Vela Molecular Ridge is a molecular cloud in the galactic plane at high
galactic longitude (1~260-275 deg). Part of a vast complex of star forming
region, it hosts a large number of young embedded sources, both in cluster and
isolated, as well as mm—emission peaks associated with gaseous filamentary
structures. These characteristics makes it perhaps the best regions for testing
scenarios of clustered star formation outside the solar circle. In Cycle 3 we
have obtained MIPS observations of the cloud, that have led to important results
concerning the statistics of embedded cores and their relationship with the
diffuse gas and dust in the region. We have also obtained partial coverage with
IRAC for 4 out of 6 of the clusters in the complex. We propose here to: (1)
complete the IRAC coverage for the remaining 2 clusters, (2) obtain IRAC maps of
two background fields in a region devoted of molecular gas and dust and (3)
measure the photometry of a cluster that was saturated in our previous IRAC
images using the subarray mode. These new observations are crucial for the
completeness of our census of the YSO population in the cloud, and to remove
biases in the statistics of the distribution of the sources detected in the
previous observations.

Thursday March 25, 2010

gal_covers.txt

78/424



Printed_by_SSC

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 157/847

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 158/847

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50264

Deep IRAC Imaging of Mocular Outflows in High-Mass Star Forming Regions

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Keping Qiu, Harvard-SAO

Co-Investigators:
Qizhou Zhang, Harvard-Smithsonian Astrophysical Observatory

Science Category: star formation
Observing Modes: IracMap
Hours Approved: 4.9

Abstract:

Recent single-dish CO observations have proven that massive molecular outflows
are ubiquitous toward high-mass star forming regions. It is essential to
understand them as a step toward understanding massive star formation. However,
in contrast to outflows from low-mass stars, many important properties of
outflows from high-mass stars remain unknown, partly due to the poor statistics
of high angular resolution observations. The Spitzer/IRAC imaging provides a
completely independent means of mapping outflows. As a continuation of our
successful GO observations, here we propose for GTO observations to image
outflows in 18 high-mass star forming regions with the Spitzer/IRAC. The sources
are chosen from our ongoing SMA projects dedicated to a systematic study of
molecular outflows and accretion in high-mass protostellar objects. Combining
the proposed observations and our SMA data, we will be able to carry out a
systematic study of outflows from high-mass stars based on high angular
resolution observations at mid-IR and (sub)millimeter wavelengths. A detailed
comparison between our observations and well studied low-mass outflows will show
us whether outflows from high-mass stars are simply scaled-up versions of
outflows from low—mass stars and put tighter constraints on theoretical models
of massive star formtion.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50452

A Survey for Isolated Clusters in Bok Globules

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Dawn Peterson, Harvard-SAO

Co-Investigators:

Lori Allen, Harvard-Smithsonian Astrophysical Observatory
Robert Gutermuth, Harvard-Smithsonian Astrophysical Observatory
Tyler Bourke, Harvard-Smithsonian Astrophysical Observatory

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 14.3

Abstract:

We propose Spitzer IRAC and MIPS observations of a sample of 11 Bok globules in
order to detect deeply embedded infrared sources and determine whether they are
sites of active star formation. Small groups of stars forming in these Bok
globules are unique because they are forming in a relatively isolated
environment. Many of the sources in the sample of Bok globules chosen are
forming stars, as evidenced by radio or infrared IRAS sources. The proposed
sample includes Bok globules surveyed for 3.6 cm continuum emission with the VLA
(Yun et al. 1996; Moreira et al. 1999). However, a complete census of the
stellar content of these regions is needed in order to probe the intial
conditions necessary for low mass star formation. The Spitzer observations will,
in addition to ground-based near—infrared imaging from 2MASS (or deeper in the
case of more distant regions), allow us to construct spectral energy
distributions from 1-70 micron for all sources detected in or nearby the Bok
globules, determining whether they harbor circumstellar disks indicative of
Class I and II sources.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50519

An Unbiased Survey of the Gem OBl Molecular Cloud Complex

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Lori Allen, Harvard-SAO

Co-Investigators:

Lori Allen, SAO

Robert Gutermuth, SAO

Dawn Peterson, SAO

Tom Megeath, University of Toledo
James Muzerolle, University of Arizona

Science Category: star formation
Observing Modes: MipsScan
Hours Approved: 43.2

Abstract:

We propose an unbiased 24 micron survey of the Giant Molecular Cloud complex
known as Gem~OBl. Unlike the nearby dark clouds surveyed by Spitzer Legacy
teams, GMCs are responsible for most of the star formation in the Galaxy and
therefore are more representative of the typical birthplace of stars. The
Gem~0OB1 cloud lies toward the outer Galaxy where the Galactic background and
line-of sight extinction are both low, and near enough that its solar-mass
protostars are easily detectable by Spitzer. Gem~0OBl is notable for its multiple
bubble like structures and other complex morphologies seen in molecular gas.

The proposed 24 micron data will be used to identify protostars throughout the
cloud, and will be combined with data from subsequent surveys to study the
distribution of T-Tauri stars, the evolution of protostellar envelopes and
disks, and the demographics of stellar masses and ages in the Gem~OBl GMC. The
proposed 24 micron measurements are essential for identifying embedded
protostars, and for characterizing disk evolution, especially in older systems
that are evolving from protoplanetary to debris disks. This survey will "set the
stage" for a Spitzer warm mission follow-up project, aimed at further
characterizing the young stars in Gem~OBl.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50533

Distributed vs. Clustered Star Formation in Cam OB-1

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Judy Pipher, University of Rochester

Co-Investigators:

Robert Gutermuth, Smithsonian Astrophysical Observatory
S. Thomas Megeath, University of Toledo

Lori Allen, Smithsonian Astrophysical Observatory
Phillip Myers, Smithsonian Astrophysical Observatory

Science Category: star formation
Observing Modes: MipsScan
Hours Approved: 16.1

Abstract:

The accepted paradigm in OB associations is that both high and low mass stars
form predominantly in clusters containing 100s to 1000s of members. We have been
re—-examining that paradigm by identifying forming stars (protostars and stars
with circumstellar disks) in GMCs via their infrared excesses at mid-IR and
near—-IR wavelengths, and studying the projected spatial distribution of those
stars and their relative frequency as a function of physical parameters of the
cloud such as luminosity, local gas and dust density, age, dynamical effects,
among others. We are also comparing star formation in GMCs preferentially
harboring low mass stars with these higher mass analogues, in order to identify
differing evolutionary behaviors. The question of whether the distributed
stellar population formed in situ, or was expelled from clusters, is the main
driver for this proposal. Cam OB-1 is a lower luminosity (by factors of 10 or
greater) example than most other associations in GMCs studied by us to date,
including NGC 2264, Cep OB3, Mon R2, and Orion. A sufficiently large sample of
high mass star forming GMCs is necessary to disentangle influence of various
effects. Here we request MIPS observations to study the protostellar population
in Cam OBl. Near IR Ks-band excess objects (mainly stars with disks) are more
uniformly distributed in Cam OBl than in other clouds in our sample. We are
interested here to assess whether the protostars are also a larger percentage of
the distributed population. We will propose to obtain 3.6 and 4.5 micron maps of
Cam OBl in a post-cryo mission, thus completing a sensitive, Spitzer enabled
analysis of the YSO spatial distribution as an input to answering the driving
question mentioned above.

Thursday March 25, 2010

gal_covers.txt

80/424



Printed_by_SSC

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 161/847

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 162/847

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50691

L1340: How Do Intermediate—-Mass Stars Impact Their Natal Environment?

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: JoAnn O’'Linger, Spitzer Science Center

Co-Investigators:

Grace Wolf-Chase, Adler Planetarium/Univ. of Chicago

Sean Carey, Spitzer Science Center

Gerald Moriarty-Schieven, Joint Astronomy Centre

Mary Barsony, Space Science Institute/SFSU

Maria Kun, Konkoly Observatory of the Hungarian Academy of Sc
Michael Ressler, Jet Propulsion Laboratory

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 4.9

Abstract:

L1340 is a mid-Galactic-latitude (b~11.5) star-forming cloud which contains
several intermediate-mass stars of spectral types B5 and later. It is an ideal
testbed for studying the effects such stars have on an isolated, compact cloud.
L1340 was specifically chosen to bridge the gap between Spitzer studies of low—
and high-mass star formation modes in other clouds. Through ground-based multi-
wavelength continuum and spectral line observations, we have found a series of
bubble-like structures within this cloud that appear to be associated with the
intermediate—-mass stars. Additionally, we have imaged dozens of cold dust cores
around the edges of these structures using SCUBA, many of which exhibit outflow
activity and other hallmarks of extreme youth. These features make L1340 unique
among known molecular clouds within 600 parsecs. Therefore we propose to map the
L1340 cloud with IRAC and MIPS in order to: 1) Investigate the prevalence of
"bubbles within bubbles" in this relatively nearby, isolated, intermediate-mass
star-forming cloud. 2) Take a complete census of the protostellar population
associated with our submillimeter cores using the unprecedented sensitivity of
IRAC and MIPS. 3) Analyze the spatial distributions of Young Stellar Objects
(YSOs) within the cloud boundaries for indications of possible sequential, or
triggered, star formation.

Spitzer Space Telescope — Theoretical Research Proposal #40515

Star Formation Ecology: YSO Outflow Feedback in Young Clusters

Principal Investigator: Adam Frank
Institution: University of Rochester

Technical Contact: Adam Frank, University of Rochester

Co-Investigators:

John Bally, University of Colorado
Alice Quillen, University of Rochester
Eric Blackman, University of Rochester
Judy Pipher, University of Rochester
Robert Gutermuth, SAO

Science Category: star formation
Dollars Approved: 89317.0

Abstract:

Energetic outflows associated with young stellar objects exert a strong effect
on their parent molecular clouds. The dynamics of this interaction is yet to be
well understood. In particular the role of jets and outflows in powering cloud
turbulence, modifying the star formation efficiency (SFE) and/or disrupting the
parent clouds remains unclear. Spitzer images of young clusters have provided
new views of jet-cloud interactions that can help resolve these critical issues.
In this proposal we seek to continue a highly successful (cycle 2) theory
program to explore theoretical issues of jet-cloud interactions, turbulence and
cloud disruption. Our research relies on 3-D Adaptive Mesh Refinement
hydrodynamic and MHD simulations developed in house, in concert with Spitzer
databases and other complementary observations. The team we have assembled
includes computational and analytic theorists (Frank, Blackman) as well as
observers who have worked closely with existing Spitzer Datasets (Bally,
Quillen, Pipher, Gutermuth) The work funded through the previous TR program
revealed fundamentally new aspects of YSO outflow feedback on parent cloud cores
including the importance of the temporal evolution of outflow power. In this
proposal we seek to extend the understanding gained in those studies to address
specific questions on the nature and efficacy of outflow feedback in real
systems.
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Spitzer Space Telescope — General Observer Proposal #40500

Probing the initial phases of cluster formation in an outer Galaxy dark cloud

Principal Investigator: Wilfred Frieswijk
Institution: Kapteyn Astronomical Institute, SRON

Technical Contact: Wilfred Frieswijk, Kapteyn Astronomical Institute, SRON

Co-Investigators:

Sean Carey, Spitzer Science Center, Caltech
Marco Spaans, Kapteyn Astronomical Institute
Russell Shipman, SRON

Xander Tielens, NASA Ames Research Center
David Teyssier, ESAC

Science Category: star formation
Observing Modes: IracMap MipsPhot
Hours Approved: 5.5

Abstract:

As the discovery of InfraRed Dark Cloud in silhouette against bright background
IR emission demonstrates, massive cores, characterized by large column densities
of dense molecular material, are ubiquitous in the Galaxy. While initially these
clouds were thought to represent the prestellar core phase of stellar cluster
formation, the high sensitivity of the IRAC and MIPS instruments on Spitzer have
recently revealed deeply embedded objects in several of these clouds. Up to now,
such dense, massive cores were predominantly known towards the inner Galaxy
where background IR emission levels are high, but this selection may carry with
it various selection effects. Recently, we completed an unbiased survey of
massive dense clouds in the outer Galaxy based upon near—-IR color deviation
studies using the 2MASS Point Source Catalog. Object OGDC111.80+0.58, selected
from this survey, is a large (>10 pc), filamentary molecular cloud complex in a
very young stage of evolution and contains multiple massive (50-1000 Msun)
cores. We propose to study the star formation characteristics of this complex
structure using IRAC and MIPS. Using color-color plots, we can obtain a census
of the protostellar population (eg., class 0, I, II, III) in the cores and along
the filaments. In addition, analysis of this data will allow us to separate out
reddened background stars. This will provide better estimates of the dust
column, particularly in the densest cores where background sources extinguished
even in the near-IR. Moreover, we expect that a fair fraction of the cores will
be starless and this study may well provide the best way to select this
ever—elusive first stage of the star formation process.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #127

IRAC and MIPS Images of W3

Principal Investigator: Robert Gehrz
Institution: University of Minnesota

Technical Contact: Elisha Polomski, University of Minnesota

Science Category: Star Formation
Observing Modes: IracMap MipsScan
Hours Approved: 3.2

Abstract:
We will obtain IRAC and MIPS images of the region of star formation W3 to study
the distribution and initial mass function of the embedded sources.

Thursday March 25, 2010

gal_covers.txt

82/424



Printed_by_SSC

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 165/847

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 166/847

Spitzer Space Telescope — Guaranteed Time Observer Proposal #128

IRAC and IRS Observations of Nearby Dwarf Irregular Galaxies

Principal Investigator: Robert Gehrz
Institution: University of Minnesota

Technical Contact: Elisha Polomski, University of Minnesota

Science Category: Star Formation
Observing Modes: IracMap IrsStare
Hours Approved: 15.7

Abstract:

We will conduct mid-IR imaging with IRAC at 4.5 and 8.0 microns to survey the
stellar population for embedded stars what would not be identifiable in optical
surveys. Mid-IR spectroscopy with IRS in low resolution covering the wavelength
range from 5 to 40 microns will be used to obtain spatially resolved spectra of
the mid-IR nebular emission lines and the PAH lines in a small sample of
well-studied, nearby dwarf starburst galaxies. Mid-IR spectroscopy with IRS in
high resolution covering the low wavelength range from 10 to 19.5 microns to
search for the molecular hydrogen emission at 0-0 S(1) 17 microns and 0-0 S(2)
12.3 microns in low metallicity environments.

Spitzer Space Telescope — General Observer Proposal #40365

Triggered star formation in the mysterious high-latitude cometary globule CG 12

Principal Investigator: Konstantin Getman
Institution: Pennsylvania State University

Technical Contact: Konstantin Getman, Pennsylvania State University

Co-Investigators:

Eric Feigelson, Penn State

Kevin Luhman, Penn State

Warrick Lawson, University of New South Wales at ADFA

Science Category: star formation
Observing Modes: IracMap
Hours Approved: 7.4

Abstract:

We propose a Spitzer/IRAC mosaic of the mysterious high-latitude cometary
globule CG 12. This will complement our recent Chandra and optical study which
revealed a rich population of >50 pre-main sequence stars, many located in front
of the globule, in addition to the few previously known intermediate-mass
members. Our Spitzer program has three observational goals: 1. to study the
protoplanetary disk evolution in both obscured and irradiated locations using
the disk-unbiased X-ray sample; 2. to discover new low-mass infrared-excess
members of the cluster which were missed by the Chandra observations; 3. to
investigate the nature of its star formation (triggered vs. self-gravitational
collapse), which may shed light on the unusual origin and evolution of this CG.
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Spitzer Space Telescope — General Observer Proposal #20506

A Detailed Comparison of the Modes of Star Formation in G305.35+0.7 and NGC
2174/5

Principal Investigator: Jeff Hester
Institution: Arizona State University

Technical Contact: Angela Cotera, SETI

Co-Investigators:

Angela Cotera, SETI Inst.

Janet Simpson, NASA Ames

Barbara Whitney, Space Science Inst.
Kevin Healy, Arizona State U.

Keely Snider, Arizona State U.

Science Category: Star Formation
Observing Modes: IracMap IrsStare
Hours Approved: 22.8

Abstract:

Some low-mass stars form in regions of isolated star formation, such as the
nearby Taurus—Auriga molecular cloud. Others form instead in regions surrounding
massive stars. There are a number of indications that the process of star
formation itself may different in important ways depending on the details of the
larger environment. In particular, while much star formation seems to be the
result of hierarchical collapse and fragmentation in isolated cloud cores, both
low— and high-mass star formation in other regions appears to be triggered by
compression of gas in advance of expanding ionization fronts around massive
stars. There are many implications of these differences, ranging from the origin
of the IMF to our understanding of the environment in which the Sun and Solar
System formed and evolved. In this proposal we request time to conduct a
detailed MIPS/IRAC/IRS investigation of G305.35+0.07 and NGC 2174/5, comparing
and contrasting star formation between the two regions. The morphology of one of
these regions (G305.35+0.07) is strongly suggestive of triggered star formation
in a shell around massive stars, while the other region (NGC2174/5) consists of
several apparently detached clusters that might have formed instead through
heirarchical collapse. Studies of the distribution of low-mass protostars in
these regions, and especially the extent to which they are concentrated in
compressed gas around the periphery of each region, will allow us to
discriminate between triggered and untriggered star formation. Among our goals
is determining whether overt morphological characteristics of H II regions are
reliable indicators of the nature of low-mass star formation in these regions.

Spitzer Space Telescope — General Observer Proposal #20726

Spitzer Follow—up of HST Observations of Star Formation in H II Regions

Principal Investigator: Jeff Hester
Institution: Arizona State University

Technical Contact: Keely Snider, Arizona State University

Co-Investigators:

John Bally, University of Colorado
Steve Desch, Arizona State University
Kevin Healy, Arizona State University
Keely Snider, Arizona State University

Science Category: Star Formation
Observing Modes: IracMap MipsPhot
Hours Approved: 27.7

Abstract:

Images of regions of star formation taken with HST have given us an
extraordinary view of young stellar objects and their natal environments. These
views differ tremendously between low-mass YSOs seen in regions of isolated
low-mass star formation such as Taurus-Auriga, and the proplyds, EGGs, and other
structures seen in regions of massive star formation. While YSOs in Taurus spend
their adolescence buried in the dark interiors of molecular clouds, YSOs near
massive stars quickly find themselves overrun by ionization fronts and exposed
to the intense UV radiation from nearby massive stars. This difference in
environment has a profound effect on the way in which the protoplanetary disk
around a star evolves —— a fact that is of great importance to us, given the
strength of the evidence suggesting that the Sun formed near a massive star.
But HST while HST can inform us about the evolution of ¥SOs in HII region
environments once they are overrun by ionization fronts, it cannot show us the
birth of the stars themselves. These remain hidden in the dense molecular
material beyond the ionized volumes of these regions. Only Spitzer can show us
the properties of the YSOs that lie hidden in the dark shadows of HST images of
HII regions, and only Spitzer can provide us with information about PDRs, warm
dust, and other tracers of the interaction of massive stars with their
surroundings. The combination of HST and Spitzer observations of star forming
regions is far greater than the sum of its parts. If we are to build a complete
picture of low-mass star formation and the evolution of disks near massive
stars, we need to combine HST and Spitzer observations of the same regions. In
this proposal we request time to obtain both IRAC and MIPS 24 micron images of
each HII region that has been observed by HST, but has yet to be observed with
Spitzer. Together with previous images obtained from the archives, this will
comprise an indispensible data set for testing hypotheses about this important
process.
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Spitzer Space Telescope — Archive Research Proposal #30767

Archival Study of the Effects of Massive Stars on Low-mass Star Formation and
Disk Evolution

Principal Investigator: Jeff Hester
Institution: Arizona State University

Technical Contact: Jeff Hester, Arizona State University

Co-Investigators:
Barbara Whitney, Space Science Institute
Keely Snider, Arizona State University

Science Category: star formation
Dollars Approved: 90040.0

Abstract:

Most low-mass stars form in close proximity to massive stars, but we lack a good
understanding of how those massive stars modify the way low-mass stars and their
disks form and evolve. We request Archival support to address three fundamental
questions: (1) To what extent is low-mass star formation triggered by massive
stars? (2) Does continuing expansion of H II regions terminate accretion after
star formation as begun? And (3) to what extent is the evolution stellar disks
modified by proximity to massive stars? Studies of individual objects in the
literature provide anecdotal evidence for each of these processes, but to date
there has been no systematic study of the overall significance of the effects of
massive stars on low-mass star formation. Data from the GLIMPSE, GLIMPSE II, and
MIPSGAL projects allow such a study to be carried out. In each case the question
boils down to one of the association between low-mass YSOs and tracers of the
influence of massive stars. If most low-mass star formation is triggered, then
most low-mass YSOs will be found in compressed gas surrounding H II regions. If
H II region expansion affects accretion, then many low-mass YSOs will be found
in regions that will be overrun by ionization fronts within a few hundred
thousand years. Finally the distribution of distances between low-mass YSOs and
massive stars provides insight into how YSO disks are influenced by UV and
supernova ejecta from massive stars. Working on a subsample of the GLIMPSE data
we have demonstrated the feasibility of such a study, and have seen early
indications that the results will be of great interest. Contours of surface
density of sources selected on the basis of IRAC colors closely follow tracers
of ionization fronts, PDRs, and compressed gas in the sample fields. The answers
to these cleanly posed observational questions bear on many fundamental issues
ranging from the origin of the IMF to the evolution of the environment in which
the birth of the Solar System took place.

Spitzer Space Telescope — Legacy General Observer Proposal #40184

A Spitzer Legacy Survey of the Cygnus—X Complex

Principal Investigator: Joseph Hora
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Joseph Hora, Harvard-CfA

Co-Investigators:

Sylvain Bontemps, Observatoire de Bordeaux
Tom Megeath, University of Toledo
Nicola Schneider, CEA/Saclay
Frederique Motte, CEA/Saclay

Sean Carey, Spitzer Science Center
Robert Simon, University of Cologne
Eric Keto, CfA

Howard Smith, CfA

Lori Allen, CfA

Rob Gutermuth, CfA

Giovanni Fazio, CfA

Kathleen Kraemer, AFRL

Don Mizuno, AFRL

Stephan Price, AFRL

Joseph Adams, Cornell University

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 120.0

Abstract:

We propose a Spitzer Legacy Program to perform a uniform, unbiased survey of the
Cygnus—-X complex (~6x6 deg area) with IRAC and MIPS. This region contains the
richest known concentration of massive protostars and the largest OB
associations in the nearest 2 kpc. With this survey we can 1) analyze the
evolution of high mass protostars with a large and statistically robust sample
at a single distance, 2) study the role of clustering in high mass star
formation, 3) study low mass star formation in a massive molecular cloud complex
dominated by the energetics of ~100 O-stars, 4) assess what fraction of all
young low mass stars in the nearest 2 kpc are forming in this one massive
complex, and 5) provide an unbiased survey of the region and produce a legacy
data set which can be used in conjunction with future studies of this region
(e.g., with Herschel and JWST). The Cygnus—-X survey will be an important step in
constructing one of Spitzer’s greatest legacies: surveying with high sensitivity
and spatial resolution a representative sample of galactic star forming regions,
from Bok globules to complexes containing millions of solar masses of gas and
hundreds of O-stars.
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Spitzer Space Telescope — General Observer Proposal #2361

The small scale structure of cluster forming Infrared Dark Clouds

Principal Investigator: James Jackson
Institution: Boston University, Institute for Astrophysical Res

Technical Contact: James Jackson, Boston University

Co-Investigators:

Jill Rathborne, Institute for Astrophysical Research, Boston Unive
Ronak Shah, Institute for Astrophysical Research, Boston Unive
Robert Simon, I.Physikal. Institut, Universitat zu Koln, Germany
Dan Clemens, Institute for Astrophysical Reseach, Boston Univer

Science Category: Star Formation
Observing Modes: MipsPhot
Hours Approved: 20.0

Abstract:

We propose to use the Spitzer Space Telescope to obtain 24micron MIPS raster
maps toward 50 Infrared Dark Clouds (IRDCs), a new class of object recently
identified as mid-infrared extinction features in the Galactic plane. We have
identified ~12,000 IRDCs in the Galaxy, and using 13CO molecular line emission
maps, have obtained reliable kinematic distances to ~300. We have selected the
50 darkest of these clouds for further study. Our molecular line and millimeter
continuum data suggest that IRDCs are the cold molecular precursors to star
clusters. They contain dense, cold cores with characteristic masses ~10 - 100
Msun. Thus, IRDCs have begun to fragment into pre-stellar cores, and may
eventually form bound star clusters. Unlike previous MSX and ISO images, which
suffered from spectral contamination from PAH emission features, the proposed 24
micron observations will cleanly identify the pre-stellar cores, provide
reliable column density and mass estimates, independent of temperature, and
combined with the millimeter and submillimeter images, allow us to separate the
effects of column density and temperature variations for a large sample of
IRDCs. Our goal is to understand the process of fragmentation in molecular
clouds, the origin of the stellar initial mass function, and the origin of
Galactic star clusters.

Spitzer Space Telescope — Archive Research Proposal #30120

Protostars in Infrared Dark Clouds

Principal Investigator: James Jackson
Institution: Boston U., Inst. for Astrophysical Research

Technical Contact: James Jackson, Boston University

Co-Investigators:

Jill Rathborne, Institute for Astrophysical Research
Edward Chambers, Institute for Astrophysical Research
Robert Simon, I. Physikalisches Institut

Science Category: star formation
Dollars Approved: 125771.0

Abstract:

We propose to use data from two Spitzer Space Telescope Legacy projects, GLIMPSE
and MIPSGAL, to characterize a sample of compact cores within Infrared Dark
Clouds (IRDCs), a new class of objects recently identified as mid-infrared
extinction features in the Galactic plane. We have identified10,961 IRDCs in the
Galaxy, and using 13CO molecular line emission maps, have obtained reliable
kinematic distances to 312. Our molecular line and millimeter continuum data
toward 38 IRDCs suggest that IRDCs are the cold molecular precursors to
cluster—-forming clumps. Each IRDC contains several dense, cold cores with
characteristic masses of ~120 Msun. We find that 1/3 of these cores are sites of
active star formation. In GLIMPSE images the active cores show extended 3-8
micron emission, with an apparent enhancement at 4.5 microns that might arise
from shocked molecular hydrogen. Coincident with these active cores are bright,
compact 24 micron point sources in MIPSGAL images. Follow-up molecular line
observations of high-density tracing molecular lines confirm the star formation
activity within several of these cores. Combining the GLIMPSE and MIPSGAL
surveys with our catalog of IRDCs and their derived distances, we can identify
and characterize a large sample of protostars within IRDCs across the Galaxy.
Preliminary detection rates suggest that we will identify ~520 protostars of
which we expect ~220 to be high-mass protostars. This study will increase the
number of known high-mass protostars by at least an order of magnitude.
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Spitzer Space Telescope — General Observer Proposal #30123

Active star formation in Infrared Dark Clouds

Principal Investigator: James Jackson
Institution: Boston U., Inst. for Astrophysical Research

Technical Contact: Jill Rathborne, Boston University

Co-Investigators:

Jill Rathborne, Institute for Astrophysical Research
Edward Chambers, Institute for Astrophysical Research
Robert Simon, I. Physikalisches Institut

Science Category: star formation
Observing Modes: IrsStare MipsSed
Hours Approved: 38.2

Abstract:

We propose to use the Spitzer Space Telescope to obtain MIPS SED and IRS
observations toward a sample of compact cores within Infrared Dark Clouds
(IRDCs), a new class of objects recently identified as mid-infrared extinction
features in the Galactic plane. We have identified 10,961 IRDCs in the Galaxy,
and using 13CO molecular line emission maps, have obtained reliable kinematic
distances to 312. We have selected the 38 darkest of these clouds for further
study. Our molecular line and millimeter continuum data suggest that IRDCs are
the cold molecular precursors to cluster—forming clumps. Each IRDC contains
several dense, cold compact cores with masses of 10-2,100 Msun. From IRAC images
we find that 1/3 of these cores show extended, diffuse 3-8 micron emission, with
an apparent enhancement in the 4.5 micron band. In addition, each of these cores
is coincident with a bright 24 micron emission source in MIPS images and shows
broad linewidths in high-density tracing molecular lines, suggesting they are
sites of active star formation. Combined with mm/sub-mm data, the SEDs for these
active cores reveal very large bolometric luminosities (~16,000 Lsun). Despite
similar 1.2 mm fluxes, many cores show no 24 micron emission, suggesting that
they are more quiescent. We request a total of 38.2 hours to obtain MIPS SED
measurements of 80 IRDC cores and IRS 5-14 micron spectroscopy of 20 sources
showing an enhancement at 4.5 microns. The 55-95 micron SEDs will establish
accurate 24 micron to 1.2 mm SEDs, bolometric luminosities, masses, dust
temperatures, and emissivity indices for the cores. The IRS spectroscopy will
definitively distinguish whether the 4.5 micron enhancement arises from shocked
molecular hydrogen, or whether it is due to an extincted continuum source.

Spitzer Space Telescope — Archive Research Proposal #40354

Protostars in Infrared Dark Clouds

Principal Investigator: James Jackson
Institution: Boston University

Technical Contact: James Jackson, Boston University

Co-Investigators:

Jill Rathborne, Harvard-Smithsonian Center for Astrophysics
Edward Chambers, Boston University

Irena Stojimirovic, Boston University

Science Category: star formation
Dollars Approved: 100000.0

Abstract:

Ample evidence suggests that Infrared Dark Clouds (IRDCs) host the very earliest
stages of high-mass star formation and cluster formation. Our multiwavelength
studies show that all IRDCs contain compact cores, and that about 1/3 of these
cores show unambiguous signs of star—formation. In a previous archival proposal,
we used the GLIMPSE survey to identify 444 active IRDC cores of known distance
by finding slightly extended regions of enhanced 4.5 micron emission. We now
propose to use MIPSGAL to directly detect the embedded protostars in these
active cores via their 24 micron emission. Because the distances are known, we
can estimate the luminosity of the embedded protostars and compare the derived
luminosity function with standard initial mass functions. This project should
increase the number of known high-mass protostars by at least an order of
magnitude.
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Spitzer Space Telescope — General Observer Proposal #50730

Deep Imaging of Cluster—-forming IRDCs

Principal Investigator: James Jackson
Institution: Boston University, Institute for Astrophysical Res

Technical Contact: James Jackson, Boston University

Science Category: star formation
Observing Modes: IracMap MipsPhot
Hours Approved: 39.6

Abstract:

Ample observational evidence suggests that Infrared Dark Clouds (IRDCs) host the
very earliest phases in the formation of both high-mass stars and star clusters.
Our multi-wavelength studies show that all IRDCs contain compact cores, and that
about 1/3 of these cores show unambiguous signs of star formation. These
‘active’ IRDC cores have slightly extended regions of enhanced 4.5 micron
emission in GLIMPSE images. Bright, compact MIPSGAL 24 micron emission is also
coincident with these active IRDC cores, indicating the presence of an embedded
protostar. However, because of the limited sensitivity of the GLIMPSE and
MIPSGAL surveys, these data only reveal the most massive protostars within the
IRDCs and are insufficient to reveal any low- or intermediate-mass protostars
that are expected within young clusters. While many IRDCs are sufficiently
massive to form numerous protostars in a young cluster, their protostellar
activity varies considerably. We now request Spitzer IRAC/MIPS time to achieve
unprecedented sensitivity toward two massive IRDCs (one containing many
protostars, the other containing few) in order to probe the fainter end of their
embedded protostellar population. These data will reveal any lower-mass
protostars that may exist within these IRDCs and, thus, reveal the mass
distribution and evolutionary stage of the embeded cluster.

Spitzer Space Telescope — General Observer Proposal #50809

Testing Grain Surface Chemistry in Star Forming Regions

Principal Investigator: Jacqueline Keane
Institution: Institute for Astronomy, University of Hawaii

Technical Contact: Jacqueline Keane, IfA, University of Hawaii

Co-Investigators:
Adwin Boogert, IPAC

Science Category: star formation
Observing Modes: IrsStare
Hours Approved: 16.6

Abstract:

The key chemical reactions that produce the first generation ice mantles in
dense molecular clouds are still poorly known. Within cold, dense clouds,
species formed in the gas and on the grain surfaces will stick to the grains and
form icy mantles. However, during star—formation, materials in the general cloud
medium are subjected to numerous chemical and physical processes that are driven
mostly by thermal and energetic radiation. The comparison between background
stars and protostars is a proven excellent tool for this purpose. By comparing
observed interstellar solid state abundances with models of grain surface
chemistry it is possible to elucidate the efficiency and hence relevancy of a
number of chemical reactions, in particular the CO$_2$ formation pathways. In
part because of Spitzer, significant progress has been made towards
understanding the various effects of these radiation processes on the ices
around a large sample of high- and low-mass protostars. First results suggest
that two different CO2 formation pathways play a role in these harsh
environments. Though which reaction initially dominated the chemistry is unknown
due to the numerous physical processes. Unfortunately, only a small sample of
background field stars have been observed, most notably Taurus. In Taurus, only
one reaction pathway appears to be efficient in quiescent regions, but this
result is sample limited. We propose to take low resolution spectra from 5 to 22
microns along the line of sight toward 31 field stars behind the LDN 673
molecular cloud. Differences in near-IR ice chemistry have already been observed
and we will use these mid-infrared data to provide more stringent constraints on
chemical models of grain surface chemistry. With this sample it is possible to
address fundamental questions in astrochemistry: what are the dominant grain
surface chemistry pathways? What is the composition of the first generation ice
mantles in molecular clouds?
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Spitzer Space Telescope — Archive Research Proposal #50623

Bridging the gap: A Spitzer Census of Intermediate—-Mass Star Forming Regions
from Galactic Surveys.

Principal Investigator: Charles Kerton
Institution: Iowa State University

Technical Contact: Charles Kerton, Iowa State University

Co-Investigators:
Chip Kobulnicky, University of Wyoming

Science Category: star formation
Dollars Approved: 75000.0

Abstract:

High-mass star formation (M>10 Msun) appears to proceed through different
channels than low-mass star formation (M<2 Msun). The differences between these
two regimes are thought to include not only the timescales and masses involved
but also the initial conditions and operative physics within the parent
molecular clouds. We propose an archival analysis of ~50 *intermediate-mass*
star formation (SF) regions that straddle the boundary between these two
regimes---regions forming stars up to 4-8 Msun. These, relatively unknown and
unstudied IR sources are selected by their IRAS colors and lie within the
Spitzer GLIMPSE+MIPSGAL legacy survey fields. Compared to their more famous
high-mass SF cousins (e.g., the Westerhout "W" HII objects), these regions are
radio—-quiet, relatively nearby, and structurally less complex. We will use
complementary public-domain 13CO, 21-cm, and radio continuum Galactic surveys to
1) confirm the intermediate-mass SF nature of these objects, 2) compile a
catalog and an atlas of mid-IR morphologies, 3) estimate distances, 4) calculate
total luminosities and gas masses of affiliated molecular and atomic material,
and 5) identify associated young stellar objects using IRAC+[24] colors. This
work will provide a benchmark useful for contrasting the star formation process
in both lower-mass and higher-mass SF environments.

Spitzer Space Telescope — General Observer Proposal #3121

Infrared Dark Clouds in the Inner Galaxy

Principal Investigator: Kathleen Kraemer
Institution: Air Force Research Laboratory

Technical Contact: Kathleen Kraemer, Air Force Research Laboratory

Co-Investigators:

Stephan Price, Air Force Research Laboratory

Sean Carey, SSC

Paul Feldman, National Research Council Canada
Michael Egan, Air Force Research Laboratory

Thomas Henning, Max Planck Institute for Astronomy
Russell Redman, National Research Council Canada
Russell Shipman, SRON

Marco Spaans, Kapteyn Astronomical Institute
Xander Tielens, SRON

Science Category: Star Formation
Observing Modes: IracMap IrsStare MipsPhot MipsSed
Hours Approved: 23.1

Abstract:

We propose to determine the physical properties of a recently discovered
population of Galactic objects, infrared-dark clouds (IRDCs), with IRAC, IRS,
and MIPS measurements by the Spitzer Space Telescope. IRDCs comprise a selection
of cold, dense clouds with such high column densities that they appear in
absorption against the Galactic IR background. They exhibit a variety of the
earliest phases of star formation in clouds that are often massive enough to be
the precursors of star clusters and OB associations. We propose to obtain small
maps with IRAC and MIPS to determine how the spatial extent of the IRDCs and the
sharpness of the cloud edge depend on wavelength, and what are the extinction
characteristics of the clouds. We will obtain low spectral resolution data from
IRS which will determine what emission (e.g., fine-structure lines, UIR
features) and absorption (e.g., silicates, water) features are present and
measure the UV penetration into the IRDCs. We will also use MIPS observations in
the SED mode to determine the spectral energy distributions (SEDs) of the IRDCs.
We will sample a variety of IRDC geometries, from globular to filamentary, as
well as a small selection of near-infrared dark clouds and Bok globules to
investigate the connection between infrared and optical dark clouds. These
Spitzer data will enable us to determine the physical properties of this
exciting class of objects and to place them in their proper context within the
process of star formation.
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Spitzer Space Telescope — General Observer Proposal #40511

A spectroscopic study of the giant infrared jet powering NGC 2264 G

Principal Investigator: Charles Lada
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Paula Stella Teixeira, Harvard-SAO

Co-Investigators:

Paula Stella Teixeira, Harvard-Smithsonian Center for Astrophysics
Carolyn McCoey, Dept. of Physics and Astronomy, Univeristy of Wate
Michel Fich, Dept. of Physics and Astronomy, University of Wate

Science Category: star formation
Observing Modes: IrsMap
Hours Approved: 20.0

Abstract:

We propose to obtain Spitzer IRS spectral maps of the jet associated with the
NGC 2264 G outflow. Our analysis of Spitzer IRAC observations revealed the jet
to continuously extend along the entire (~1 pc) length of the redshifted lobe of
this very young and highly collimated CO outflow (Teixeira et al., 2007). We
found the jet to undergo multiple changes in direction as a result of either
precession or deflection. We intend to use the proposed IRS observations in
conjunction with shock models to quantitatively evaluate how the physical
conditions (temperature, column density, ionization) vary along the jet. In
doing so we hope to test the hypothesis that the narrow jet we observed in the
IRAC images has sufficient energy and momentum to both broaden and drive the
molecular outflow. The second goal of this proposal is to obtain detailed
mid-infrared diagnostics of the Class 0 driving source of the outflow, VLA2, and
a nearby Class I source, VLAl which is not driving an outflow. These two
protostars have formed under similar conditions and their study will help us
further understand how protostellar envelopes are modified by jets.

Spitzer Space Telescope — General Observer Proposal #50437

Highly excited OH in HH211l and other young protostellar outflows

Principal Investigator: Charles Lada
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Charles Lada, Harvard-SAO

Co-Investigators:

Achim Tappe, Harvard-Smithonian Center for Astrophysics

John H. Black, Onsala Space Observatory, Chalmers University of T
August A. Muench, Harvard-Smithonian Center for Astrophysics

Science Category: star formation
Observing Modes: IrsMap
Hours Approved: 48.8

Abstract:

We have recently discovered extraordinarily high-J pure-rotational OH (v=0)
emission in the young protostellar outflow HH211l as part of a Spitzer survey of
protostars in the young cluster IC348. The high-res IRS spectrum shows an
exceptionally rich sequence of high-J OH emission with a total number of 30
detected lines covering pure rotational transitions with upper levels J’'=69/2 to
15/2. The highest excited transition has an upper state energy E/hc of almost
19,600cm”-1 (E/k about 28,000K) above the ground level. This is to our knowledge
by far the highest rotational OH excitation observed to date. In addition, HH211
shows several pure rotational water transitions, H2 S(0) to S(7), HD R(3) to
R(6), and atomic fine-structure lines from Fe+, Si+, Ne+, S, and Cl. This new
discovery provides access to a new regime of density and temperature in a strong
shock. For the first time, highly excited OH can be studied spatially resolved
and in combination with H2, HD, H20, and the complete range of atomic tracers in
the Spitzer IRS range. Shock-driven chemistry models predict that OH primarily
forms in a high temperature environment from endothermic reactions of atomic
oxygen and H2, followed by further reaction with H2 to form water. This crucial
reaction sequence forms two of the main coolants in molecular shocks, OH and
H20. The detection of highly excited OH provides a new probe to study the
initiation of this sequence in the high excitation regions of interstellar
shocks and a critical test for existing shock models. We therefore propose to
survey a carefully selected sample of Herbig-Haro shocks and jets. Our primary
aim is to find further examples of highly excited OH occurring together with H20
and H2 in protostellar outflows and to determine the physical conditions that
lead to the formation of high-J OH. This will provide new insights into the
high-temperature chemistry and the high observed OH/H20 abundances associated
with interstellar shocks.
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Spitzer Space Telescope — Archive Research Proposal #50732

Evolution of Star Formation in the Rosette Molecular Cloud

Principal Investigator: Elizabeth Lada
Institution: University of Florida

Technical Contact: Elizabeth Lada, University of Florida

Co-Investigators:

Jason Ybarra, University of Florida

Bruno Ferreira, University of Florida
Carlos Roman-Zuniga, Calar Alto Observatory
Zoltan Balog, University of Arizona

Nadya Gorlova, University of Florida

Science Category: star formation
Dollars Approved: 100000.0

Abstract:

We propose to combine the Spitzer archival IRAC and MIPS observations of the
Rosette Molecular Cloud with our FLAMINGOS near-infared imaging and
spectroscopic observations to study the star and planet forming activity in this
cloud. Combining SPITZER and FLAMINGOS photometry and spectroscopy will allow us
to create a complete census of the youngest stars in the cloud having masses
slightly above the hydrogen burning limit. We will use the combined data base to
determine the total numbers and spatial distribution of the young stars within
the Rosette Molecular cloud and to determine the numbers and frequency
distribution of protostars and sources with circumstellar disks. In particular
we will use this information to investigate whether there is a temporal sequence
of star formation in the Rosette Molecular cloud and whether there is any
evidence for cluster evolution in the cloud, i.e. is the structure and
distribution of the young sources related to their evolutionary state. Our
combined Spitzer infrared imaging and FLAMINGOS spectroscopic survey will
provide a more detailed picture of the numbers, masses, ages and locations of
young embedded stars in the Rosette Molecular Cloud Complex than ever before and
will provide and invaluable database for studies of star and cluster formation
and early evolution.

Spitzer Space Telescope — Archive Research Proposal #20745

Digging faint young stellar objects in molecular clouds by comparing the
YSO-poor SWIRE data and YSO-rich embedded young clusters

Principal Investigator: Shih-Ping Lai
Institution: University of Maryland

Technical Contact: Shih-Ping Lai, University of Maryland

Co-Investigators:

Lee Mundy, University of Maryland

Neal Evans, University of Texas

Lori Allen, Harvard-Smithsonian Center for Astrophysics
Paul Harvey, University of Texas

Nicholas Chapman, University of Maryland

Science Category: Star Formation
Dollars Approved: 21000.0

Abstract:

We propose to process the data of the SWIRE Legacy Project and seven selected
embedded young clusters observed by GTO programs with the data reduction
pipeline used by the c2d Legacy Project. The c2d Legacy Project aims to produce
catalogs with large numbers of YSOs for an unbiased statistical study of stellar
contents in the molecular clouds and statistical lifetime of YSOs at different
evolutionary stages. To achieve this goal, it is essential to correctly identify
YSOs and their evolutionary status.However, because of the high sensitivity of
the Spitzer Space Telescope, the detected amount of background galaxies are not
negligible in the molecular clouds observed by the c2d projects. Furthermore,
galaxies and faint YSOs are virtually indistinguishable in the IRAC color-color
diagrams and color-magnitude diagrams at the faint end. The analysis we propose
will provide valuable information for the nature of YSOs and galaxies and the
knowledge will be critical for complete understanding of the initial mass
functions in the molecular clouds.
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Spitzer Space Telescope — General Observer Proposal #30330

Chemical and Dynamical Evolution in L1251B

Principal Investigator: Jeong—Eun Lee
Institution: University of California, Los Angeles

Technical Contact: Adwin Boogert, AURA/NOAO-South

Co-Investigators:

Adwin Boogert, NOAO

Edwin Bergin, University of Michigan

Geoff Blake, California Institute of Technology
Anneila Sargent, California Institute of Technology
James Di Francesco, National Research Council of Canada
Neal Evans, University of Texas

Klaus Pontoppidan, California Institute of Technology

Science Category: star formation
Observing Modes: IrsMap
Hours Approved: 9.0

Abstract:

We propose to map the isolated nearby dense core L1251B, which includes a small
group of protostellar objects, with IRS in modes SL1, SL2, SH, and LH, in order
to study the chemical and dynamical conditions in this region. A wide variety of
observations (including IRAC and MIPS observations) have been acquired toward
L1251B, and these complimentary data set will be combined with the IRS spectra,
which trace the composition of icy grain mantles and shocked material. We have a
self-consistent model for the process of star formation, which couples the
chemical evolution with the dynamics of surrounding material and the evolution
of the central luminosity. The various ice features covered by the IRS spectra
are vital to constrain the dust and chemical properties in our self-consistent
model. In addition, the H2 pure rotational transitions and atomic lines such as
Fe II, SI, and Si II, which will constrain the strength of shock(s) and the
thermal processing of shocked material, will be also covered by the proposed IRS
spectral mapping. Therefore, the obtained 5-37 micron spectral data cubes
acquired by the proposed observations will enable three scientific goals: (1) to
constrain self-consistently our chemical and dynamical evolutionary model, (2)
to examine the spatial variation of ice components from the outer envelope to
the inner hot region, and (3) study the effect of shocks on the quiescent
material.

Spitzer Space Telescope — Archive Research Proposal #40857

A Wide-Field Low-Mass Census of the Nearest Star-Forming Region

Principal Investigator: Michael Liu
Institution: University of Hawaii

Technical Contact: Michael Liu, University of Hawaii

Co-Investigators:
Katelyn Allers, IfA/Hawaii
Eugene Magnier, IfA/Hawaii

Science Category: star formation
Dollars Approved: 76632.0

Abstract:

We propose to conduct a very wide-field census of young low-mass stars and brown
dwarfs across the rho Ophiuchus cloud complex. Through a combination of archival
c2d Spitzer Legacy data, the 2MASS all-sky catalog, and our own optical
proper—-motion imaging program, we will survey an area of 5 square degrees for
young objects possessing circumstellar disks down to ~15 Mjup. Our selection
methods have been proven to be exceptionally efficient, almost entirely free of
the false positives (e.g. reddened background sources) that plague previous
searches. Our census will represent more than an order of magnitude increase in
area compared to past studies of this region and is uniquely capability of
identifying the dispersed young population. For the resulting census of low-mass
stars and brown dwarfs, we will examine (1) the spatial distribution, (2) the
disk structural properties (flat versus flared), and (3) the kinematic
properties. Our proposed study will allow, for the first time, an examination of
low-mass disk properties over a range of host star mass, ages, local density,
and extinction within a single star-forming cloud complex. Moreover, in light of
the current active emphasis to push to the lowest possible substellar masses
with deep pencil beam surveys, our proposed study will provide complementary
insights into the star/brown dwarf formation process over a very large spatial
scales (~10 pc). Finally, the resulting populous census of young low-mass
objects will provide a rich sample for detailed follow-up with current and
future telescopes.
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Spitzer Space Telescope — General Observer Proposal #30645

MIPS SED Observations of Massive Quiescent Cores in Orion

Principal Investigator: Di Li
Institution: JPL/NASA

Technical Contact: Di Li, JPL/NASA

Co-Investigators:

Thangasamy Velusamy, JPL/Caltech
Paul Goldsmith, JPL/Caltech
Kenneth Marsh, JPL/Caltech

Science Category: star formation
Observing Modes: MipsSed
Hours Approved: 3.4

Abstract:

We propose to obtain MIPS SED data for a sample of 39 massive quiescent cores in
Orion. Orion is the closest known massive star forming region and an ideal place
for studying massive prestellar and protostellar cores. We have compiled a
sample of Orion cores based on surveys at 350 and 450 microns and 1.2 mm. We
have excluded cores within 4 pc of OB association and/or with IRAS point sources
to avoid the destruction of prestellar cores by massive young stars. We have
also obtained molecular spectroscopy data toward half of the sources. Our
preliminary analysis shows that our core sample consists of structures more
massive(mean mass ~ 10 solar mass) and generally warmer (~ 20 K) than low mass
cores in Taurus. The density and temperature structure of the gas and dust
envelopes of these quiescent cores provides important constraints for
distinguishing between star formation models and determining the initial
conditions of star formation. The Wien (shorter wavelength) side of dust
continuum SED is more sensitive to temperature. Our existing data, however, are
all on the Rayleigh-Jeans (longer wavelength) side.MIPS SED, from 50 to 100
microns, would provide both the intensity and the slope of the dust emission on
the Wien side. Such information is crucial for deriving an accurate thermal
structure, especially if a warm dust layer exists, which is likely for the cores
in Orion. We are developing a 3d modeling algorithm (COREFIT) for modeling
multiple wavelength dust continuum data with different beam sizes and PSFs. The
proposed MIPS SED observations will be combined with existing data and analyzed
using the COREFIT program. MIPS observations will enable us to achieve a good
understanding of the dense core structure in massive star forming regions and
derive an accurate mass for these cores.

Spitzer Space Telescope — General Observer Proposal #30859

An IRS Survey of Spitzer Identified Protostars in the Orion A Cloud

Principal Investigator: Tom Megeath
Institution: Ritter Observatory, University of Toledo

Technical Contact: Tom Megeath, Harvard, CfA

Co-Investigators:

Nuria Calvet, University of Michigan
Dan Watson, University of Rochester
Lee Hartmann, University of Michigan
Elise Furlan, UCLA

Lori Allen, SAO

James Muzerolle, University of Arizona

Science Category: star formation
Observing Modes: IrsStare
Hours Approved: 101.1

Abstract:

The Orion A Molecular Cloud is one of the richest regions of star formation in
the nearest kiloparsec.This 30 parsec long filament shows a remarkable gradient
in star formation properties, from the rich cluster of low and high mass stars
in the Orion Nebula, to the the small groups and isolated stars in Orion South.
This gradient in star formation properties is correlated with changes in
properties of the dense gas, specifically the gas kinetic temperature,
turbulence, and column density. Using IRAC/MIPS onboard Spitzer, we have
surveyed this cloud, and have identified a population of almost 300 probable
protostars. We propose to observe 183 of these sources with the IRS, to obtain
low resolution 5-36 micron spectra. Combining these spectra with photometry from
IRAC, MIPS and sub-millimeter telescopes, we will constrain the properties of
these protostars. We will search for variations in basic protostar properties,
such as the mass accretion rate and rotation rate, to determine whether the
properties of the protostars also change with cloud position. With this
analysis, we hope to correlate the properties of the protostars with that of the
gas — providing, perhaps, the first empirical determination of how the
conditions of the dense gas influence the properties of the incipient stars.
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Spitzer Space Telescope — General Observer Proposal #50374

An IRS Survey of Spitzer Identified Protostars in the Orion Molecular Clouds

Principal Investigator: Tom Megeath
Institution: Ritter Observatory, University of Toledo

Technical Contact: Tom Megeath, Ritter Observatory, University of Toledo

Co-Investigators:

Nuria Calvet, University of Michigan
Dan Watson, University of Rochester
Lee Hartmann, University of Michigan
Elise Furlan, UCLA

Lori Allen, SAO

James Muzerolle, University of Arizona

Science Category: star formation
Observing Modes: IrsStare
Hours Approved: 36.6

Abstract:

Understanding protostellar evolution is a necessary step toward characterizing
the factors which ultimately determine the properties of emerging stars and
their planetary systems. We propose the completion of a Spitzer IRS survey of
362 protostars in Orion; thus providing a unique sample selected in an unbiased
manner from their 24~$mu$m fluxes and spectral energy distribution slopes. This
is the richest known sample of protostars at a common distance within 450 pc of
the Sun. The low resolution IRS 5-36~$mu$m spectra, in concert with existing
Spitzer imaging, existing ground-based near—IR data, and future Herschel GTO and
proposed Open Time observations will be used to determine the fundamental
properties of the protostellar envelopes and disks (properties such as envelope
structure, density and angular momentum, disk luminosity). The Orion molecular
cloud complex contains an exceptionally wide range of parental gas conditions
(i.e. initial conditions) and environments (from dense clusters to relatively
isolated protostars). By comparing the properties of protostars in different
regions of Orion clouds; we will assess the roles of initial conditions,
environment and feedback from outflows in guiding protostellar evolution. These
observations will produce a unique legacy dataset for guiding and testing a
theory of protostellar evolution.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #113

Emission lines from shocks: water, molecular hydrogen, and low—excitation ions
in the Cep A East and HH 7-11 outflows

Principal Investigator: Gary Melnick
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Dan Watson, University of Rochester

Science Category: Star Formation
Observing Modes: IrsMap
Hours Approved: 11.4

Abstract:

Emission lines from shocks: water, molecular hydrogen, and low-excitation ions
in the Cep A East and HH 7-11 outflows PI: Gary Melnick, Center for Astrophysics
Co-Is: Ted Bergin, Center for Astrophysics David Neufeld, Johns Hopkins U. Dan
Watson, U. Rochester SIRTF and the IRS offer access, at moderate spectral and
spatial resolution, to some of the best molecular and atomic probes of the
outflows and shocks associated with recent star formation. Here we intend to use
IRS for emission-line imaging of Cepheus A East and HH 7-11, two well-known
star-formation regions that were studied in detail by SWAS. The maps we obtain
will include extended emission by molecular hydrogen (v = 0 S(0)-S(5)) and water
(several pure rotational lines), as well as numerous transitions of
low—excitation atomic and ionic species associated with jets and shocks. We will
use these data, combined with SWAS observations of thermal water-line emission
and shorter-wavelength H2 and [Fe II] images, in models of the excitation,
energetics and chemistry of the shocked gas.
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Spitzer Space Telescope — General Observer Proposal #30955

Completing the Mapping of the W3 Giant Molecular Cloud; Testing Models and the
Importance of Triggered Star Formation

Principal Investigator: Toby Moore
Institution: Liverpool John Moores University

Technical Contact: Toby Moore, Liverpool John Moores University

Co-Investigators:
James Allsopp, Liverpool John Moores University
Huw Jones, Liverpool John Moores University

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 7.0

Abstract:

It is proposed to complete the R. Gehrz’s mapping of W3 at both IRAC and MIPS
24um wavelengths. W3 is an outer galaxy Giant Molecular Cloud comprising of two
regions; a quiescent, spontaneously star forming region and a region compressed
by the W4 OB association containing the majority of star formation and all of
the high mass star formation. Currently only the high-density region, Lada( put
date) is mapped, but for a scientifically-valid comparision between the
triggered and spontaneous modes we require the remainder of the cloud to be
mapped. Triggered star formation is vitally important as it provides a mechanism
for understanding the massive disparity between the low star formation
efficiencies of galaxies such as our own andmore violent events such as galaxy
mergers. Currently we have mapped the majority of the cloud at 850 um using
SCUBA and the whole cloud using the CO(J=1-0) with the 12CO, 13CO and C180
isotomers. From these studies we have identified and measured the masses of 230
clumps. Without Spitzer data we have no way of determining which of these clumps
have formed stars. This project forms the final crucial piece which when added
to our current observations of the mass in the cloud will quantify the local
star formation efficiency for each region. This is the first part of an ongoing
much larger study into triggered star formation. We used Aztec (1l.lmm continuum)
on the JCMT in January 2006 to map two more clouds and Spitzer data on these
from other observers has either been recently released or is about to be. In
2007, we will expand on the knowledge gained from this with the SCUBA2 JCMT
Galactic Plane Survey (JPS) in which we are collaborators.

Spitzer Space Telescope — Archive Research Proposal #40008

Constraints on the stellar initial mass function from Spitzer

Principal Investigator: August Muench
Institution: Smithsonian Astrophysical Observatory

Technical Contact: August Muench, Smithsonian Astrophysical Observatory

Co-Investigators:
Kevin Luhman, The Pennsylvania State University

Science Category: star formation
Dollars Approved: 106363.0

Abstract:

The stellar initial mass function (IMF) is a fundamental quantity in
astrophysics and a valuable probe of the process of star formation. While there
are many theories committed to deducing the origin of the IMF, there is also a
dearth of good IMF constraints in star forming regions and a limited range of
physical environments for which IMFs have been derived. We propose to use the
Spitzer archive to rectify this problem by deriving IMF constraints in star
forming regions over the local 1 kpc. We will construct and analyze 3 micron
luminosity functions for embedded clusters that are located in five different
star forming regions and that contain a range of most massive member stars. We
will use our existing luminosity function modeling code to constrain the basic
IMF parameters, e.g., the peak or characteristic mass formed in a star forming
region and correlate these quantities to physical environmental parameters such
as the presence of O type stars and the stellar surface density in each cluster.
The very large mosaics provided by the Spitzer archive will also allow us to
search for spatial variations of the IMF within a star cluster, variations that
we have documented using both luminosity function modeling and spectroscopic
followup.
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Spitzer Space Telescope — General Observer Proposal #50364

Probing jets from Class 0 protostars

Principal Investigator: Brunella Nisini
Institution: INAF-Osservatorio Astronomico di Roma

Technical Contact: Brunella Nisini, INAF-Osservatorio Astronomico di Roma

Co-Investigators:

Christopher J. Davis, Joint Astronomy Center, Hawaii, USA
Odysseas Dionatos, INAF-Osservatorio Astronomico di Roma, Italy
Teresa Giannini, INAF-Osservatorio Astronomico di Roma, Italy
Tom P. Ray, Dublin Institute for Advanced Studies, Ireland
Michael D. Smith, CAPS, University of Kent, UK

Science Category: star formation
Observing Modes: IrsStare
Hours Approved: 22.3

Abstract:

Flows of matter from young and heavily embedded ‘‘Class 0'’ protostars are often
observed only at millimeter wavelengths in the form of collimated molecular
jets. An important open debate is whether such jets represent the cold external
layer of an embedded atomic jet, or whether the jet itself is intrinsically
composed of only molecular gas under low excitation conditions. The aim of this
proposal is to obtain insight into the composition and excitation of such jets
through IRS observations of mid-IR lines, which are unique tracers of the warm
embedded gas components. The immediate objectives will be: 1) to detect the
atomic/ionic component associated with Class 0 molecular jets; 2) to derive
detailed physical quantities to be compared with models for acceleration and
propagation of jets, models which have so far only been tested on more evolved
CTT stars; 3) to determine if such jets have sufficient momentum and energy to
sustain the swept up gas seen further out in the form of near—-IR bow shocks. To
this aim, a sample of three well-known Class 0 jets have been selected for which
near—-IR, millimeter and ISO observations are already available. This will ensure
a thorough comparison of the different jet excitation components which should
ultimately be explained in a unified flow model. The feasibility of this project
and the original results that can be obtained by such a project have been
demonstrated on one source observed during cycle-2 GO. Here we wish to extend
such a study on additional sources in order to derive general conclusions.

Spitzer Space Telescope — Legacy General Observer Proposal #30816

Taurus 2: Finishing the Spitzer Map of the Taurus Molecular Clouds

Principal Investigator: Deborah Padgett
Institution: California Institute of Technology

Technical Contact: Deborah Padgett, California Institute of Technology

Co-Investigators:

Sean Carey, Spitzer Science Center

Alberto Noreiga-Crespo, Spitzer Science Center
Misato Fukagawa, Nagoya University

Luisa Rebull, Spitzer Science Center

Karl Stapelfeldt, Jet Propulsion Laboratory
Manuel Guedel, University of Zurich

Francois Menard, Observertoire de Grenoble
Marc Audard, Columbia University

Lynne Hillenbrand, Caltech

Tim Brooke, Caltech

Tracy Huard, SAO

Lori Allen, SAO

Catherine Dougados, Observatoire de Grenoble
Neal Evans, University of Texas

Phil Myers, CFA/Harvard

Dean Hines, Space Science Institute
Sebastian Wolf, Max Planck Institute fur Astronomie
Steve Strom, NOAO

Paul Harvey, University of Texas

Bill Latter, Spitzer Science Center

Jerome Bouvier, Observatoire de Grenoble
Nicolas Grosso, Observatoire de Grenoble
David Shupe, Spitzer Science Center

Steve Skinner, CASA

Caer—-Eve McCabe, Jet Propulsion Laboratory

Science Category: star formation
Observing Modes: IracMap MipsScan
Hours Approved: 60.0

Abstract:

The star-forming clouds nearest to our Sun are located 140 pc away in Taurus.
Lacking young stellar clusters and luminous OB stars, Taurus hosts a distributed
mode of star formation that has proven particularly amenable to observational
and theoretical study. Last year, our team mapped the central 30 square degrees
of the main Taurus cloud. A new, high resolution CO map of the region by
Goldsmith et al. (2005) shows that Spitzer has not yet mapped the western
portion of the cloud which contains interesting star formation activity. In
addition, changes made to GTO program 6 last year have resulted in insufficient
coverage of the important L1495 and L1536 clouds. We propose to complete our
comprehensive, unbiased and spatially contiguous map of the TMC using MIPS and
IRAC, adding an area of 24 square degrees and restoring full coverage of L1495
and L1536. Achieving sensitivities 20 times better than ISOCAM at 8 microns, and
200 times better than IRAS at 24 microns, these maps will reveal the lowest
luminosity members of the young stellar population in western Taurus:

collapsing protostars, young substellar objects, and edge-on disks. Due to the
importance of this dataset for the star formation community, we request that our
program be granted Legacy status. As with our previous GOl program, our team
will waive our proprietary rights to the data and make the images and source
catalogs from the entire Spitzer Taurus survey available to the community in
2006 and 2007. This survey is a central and crucial part of a multiwavelength
study of the Taurus cloud complex that we have performed using XMM, and CFHT.
The seven photometry data points we will obtain from Spitzer will allow us to
characterize the circumstellar environment of each object, and, in conjunction
with NIR photometry, construct a complete luminosity function for the cloud
members that will place constraints on the initial mass function.
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Spitzer Space Telescope — General Observer Proposal #20403

A Fresh Look at Distributed vs. Clustered Star Formation: IRAC and MIPS Imaging
of the Cep OB3 and Mon R2 Molecular Clouds

Principal Investigator: Judy Pipher
Institution: University of Rochester

Technical Contact: Judy Pipher, University of Rochester

Co-Investigators:

S Thomas Megeath, Harvard Smithsonian, CfA
Lori Allen, Harvard Smithsonian, CfA
Philip Myers, Harvard Smithsonian, CfA
Robert Gutermuth, University of Rochester
James Muzerolle, University of Arizona

Science Category: Star Formation
Observing Modes: IracMap MipsScan
Hours Approved: 82.5

Abstract:

We propose an IRAC+MIPS survey toward two giant molecular clouds containing
massive star forming regions, Cep OB3 and Mon R2. We have already obtained GTO
observations of the young clusters in these clouds: in this program we will map
the remainder of each molecular cloud, with the goal of locating the isolated
protostars and stars with disks via their mid-IR excesses. The selected giant
molecular clouds house multiple clusters of relatively high mass star formation,
and will complement the C2D legacy program maps of nearby molecular clouds
containing predominately low mass star formation. These data will enable a fresh
look at the importance of distributed star formation and will provide a unique
opportunity to test whether the vast majority of star formation actually occurs
in clusters, the current paradigm, or whether distributed star formation plays a
major role. Spitzer provides the unique capabilities of high sensitivity at
wavelengths where extinction is low, plus the ability to easily identify IR
excess emission around stars and brown dwarfs. Spitzer is the only such facility
to enable wide-field studies of the distributed population of IR excess objects
now, and for well into the future.

Spitzer Space Telescope — General Observer Proposal #20015

IRAC and MIPS Observations of the North American and Pelican Nebulae

Principal Investigator: Luisa Rebull
Institution: SSC

Technical Contact: Luisa Rebull, SSC

Co-Investigators:

Sean Carey, SSC

John Carpenter, Caltech
David Cole, JPL

Lynne Hillenbrand, Caltech
Deborah Padgett, SSC

John Stauffer, SSC

Karl Stapefeldt, JPL
Stephen Strom, NOAO

Science Category: Star Formation
Observing Modes: IracMap MipsScan
Hours Approved: 49.3

Abstract:

The most extensively studied star—-forming regions are Taurus, Ophiuchus and the
Chamaeleon complex (low density, no O and B stars) and Orion (high density,
concentrated O and B stars). These regions have served as our primary empirical
guide to understanding the formation and early evolution of stars and their
associated accretion disks. However, these nearby cloud complexes provide
snapshots of just the extrema of the star—-formation process. Because environment
(e.g., radiation field, stellar density) appears to play a significant role in
defining, e.g., accretion disk lifetimes and outcome stellar mass functions, it
is essential to sample a much broader range of the star-forming environmental
spectrum. The nearby (600 pc) North American and Pelican Nebulae Complex (NAN)
is such a region. The giant molecular cloud (GMC) housing the NAN contains both
an extensive (>10"4 stars) distributed young (1-5 Myr) low and high mass
population spanning 2x2 degrees (30x30 pc), as well as newly-formed stars in
multiple clusters and aggregates. Despite the proximity of the complex and its
rich population of distributed and clustered stars spanning a range of masses,
there are as yet NO significant Spitzer data for the NAN. We propose to carry
out a deep IRAC and MIPS survey of a ~4 square degree region covering the NAN
complex with the goals of (a) mapping the pattern of star forming activity in a
region intermediate in environmental characteristics between Orion and Taurus,
and linking this pattern to the extensive molecular line studies of this GMC;
(b) determining accretion disk lifetimes and characterizing the early evolution
of debris disks for a statistically robust sample of young stars spanning a wide
range of masses. Because we believe that surveying of this, the 3rd nearest
high-mass star—-forming GMC, will provide a rich legacy database both for our
team and the star-formation community, we waive proprietary rights to our MIPS
and IRAC maps.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #53

Pre-stellar and Proto-stellar Cores and Cold Dust

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Jocelyn Keene, JPL

Science Category: Star Formation
Observing Modes: MipsPhot MipsScan
Hours Approved: 34.5

Abstract:

This proposal is designed to address several different scientific topics, the
unifying theme of which is the search for and observation of nearby, very cold,
dusty sources. We plan an imaging survey of pre-stellar cores to search for
lower luminosity and/or younger sources than have been found in the IRAS and ISO
data. Recent comparisons of pre-stellar and proto-stellar cores have indicated
that they have fundamentally different structures: pre-stellar cores have not
yet developed steep density gradients near their centers. These results were
inferred from sub-millimeter observations of flux gradients in pre- and
proto-stellar cores. MIPS has the capability for not only measuring flux
gradients, but also temperature gradients and thus measuring much more directly
the density gradients of the young cores to see whether this conclusion holds
up. We plan an SED survey of some proto-stellar and pre-stellar cores to measure
temperature and density gradients. Finally, MIPS is ideally suited to mapping
far-infrared color temperatures, which we propose to do in a small number of
clouds that have been well studied in the near-infrared and at other
wavelengths. These data can be used to study the grain properties in the clouds.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40196

Methanol Masers in the Galactic Center

Principal Investigator: George Rieke
Institution: University of Arizona

Technical Contact: Joannah Hinz, University of Arizona

Co-Investigators:
Farhad Yusef-Zadeh, Northwestern University

Science Category: star formation
Observing Modes: MipsPhot
Hours Approved: 0.8

Abstract:

We request less than one hour of time with the MIPS instrument at 70um to
examine the sites of massive star formation in the nuclear region of the Galaxy,
as probed by methanol masers, to get a better insight in the process of star
formation in this complex region. This important region of the Galaxy hosts
several sources of energetic activity as well as the site of massive molecular
clouds with pockets of on—-going and past massive star formation. The spectral
energy distributions of the maser sources will allow us to identify the census
of on-going massive and intermediate massive star-forming regions in the nuclear
disk and compare them with nearby sites of massive star formation. This is a
pointed follow-up proposal to a large scan map of the Galactic Center recently
produced by MIPS.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #22

Observations of nine-micron IRTS sources

Principal Investigator: Thomas Roellig
Institution: NASA Ames Research Center

Technical Contact: Thomas Roellig, NASA Ames Research Center

Science Category: Star Formation
Observing Modes: IracMap IrsStare
Hours Approved: 24.3

Abstract:

During the course of its one month mission, the Infared Telescope in Space
detected a number of unusal objects with strong nine-micron peaks. This
investigation follows up these discoveries. The program consists of IRAC mapping
followed up by IRS low-resolution spectroscopy of candidate objects detected in
the IRAC survey.

Spitzer Space Telescope — General Observer Proposal #30534

IRS observations of extremely young (high mass) stars in the NGC7538 S cloud
core

Principal Investigator: Goran Sandell
Institution: USRA

Technical Contact: Goran Sandell, USRA

Science Category: star formation
Observing Modes: IrsMap IrsPeakupImage IrsStare
Hours Approved: 3.4

Abstract:

The molecular cloud SW of NGC7538 is a well studied high-mass star forming
region, although the third star froming core, NGC7538 S has received very little
attention since the seminal work by Werner et al in 1979. Recently Sandell et al
discovered a high mass protostar with a rotating disk in this massive cold cloud
core. Preliminary analysis of IRAC archive data show that this high-mass star is
detected by IRAC at wavelengths longer than 4.5 micron and show a small cluster
of deeply embedded young stars about 10" to the NW of the star. In this proposal
we plan to use IRS to measure the SED of this unique high-mass protostar,
because the broadband IRAC data appear to be heavily affected by absorption
bands from the dense, cold surrounding cloud core. We will also obtain spectra
of all the stars in the embedded cluster to bettert understand their
evolutionary status. We have identified four H20 masers coinciding with IRAS
sources in the southern part of the cloud and we will also take low resolution
spectra of these sources. Finally we ask for modest support to continue
analysing the IRAC data of NGC7538 to support and complement the IRS project,
our extensive BIMA and VLA observations of this region and aid in planning
future observation with CARMA as soon as it becomes operational.
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Spitzer Space Telescope — General Observer Proposal #20220

High Resolution IRS Mapping of the Star-Forming Region NGC 6334 A

Principal Investigator: Anuj Sarma
Institution: DePaul University

Technical Contact: Anuj Sarma, DePaul University

Co-Investigators:

Nicholas Abel, University of Kentucky
Elizabeth Mayo, University of Kentucky
Gary Ferland, University of Kentucky
Thomas Troland, University of Kentucky

Science Category: Star Formation
Observing Modes: IrsMap
Hours Approved: 7.5

Abstract:

Star formation involves the interplay of thermal, gravitational and magnetic
forces. These processes lead to a dynamically evolving region in which O stars
ionize the surrounding medium, and the ionized gas expands into the molecular
cloud. Of these forces, magnetic effects are the least understood. A detailed
analysis of the conditions in star-forming environments requires that one
combine magnetic field observations with observations of the ionized, atomic,
and molecular gas along with dust. We propose to carry out high-resolution IRS
spectroscopy between 9.9-37.2 microns of the nearby (1.7 kpc) star—-forming
region NGC 6334 A. Maps of the magnetic field strength in the molecular gas
exist for NGC 6334 A, yet the conditions in the H II region, the surrounding
photodissociated region (PDR), and the dynamical interaction between the two
regions are poorly understood. In the H II region, our proposed observation will
allow us to use well-known infrared diagnostic ratios to determine the electron
density, temperature, and the hardness of the continuum source. Spitzer
observations of rotational transitions of molecular hydrogen and PAH emission,
combined with previous observations, will allow us to determine the hydrogen
density, UV radiation flux, and temperature in the PDR. We will combine our
observations with theoretical calculations, using the spectral synthesis code
Cloudy. Recent improvements to Cloudy include a ~1000 reaction molecular
network, the ability to treat the dynamical flow of ionized gas into a molecular
cloud, and the effects of magnetic pressure. Matching the observed spectra with
theoretical calculations will tell us the physical conditions in the H II region
and PDR, the role of magnetic fields in NGC 6334 A, and the importance of
dynamics in the region. Overall, IRS observations of NGC 6334 A offers a unique
opportunity to study, at high spatial resolution, many of the physical processes
in star-forming regions.

Spitzer Space Telescope — General Observer Proposal #50291

G333.2-0.4: Star Formation in a Turbulent Giant Molecular Cloud

Principal Investigator: Janet Simpson
Institution: NASA Ames Research Center

Technical Contact: Janet Simpson, NASA Ames Research Center

Co-Investigators:

Angela Cotera, SETI Institute

Michael Burton, University of New South Wales
Maria Cunningham, University of New South Wales
Indra Bains, Swinburne University

Nadia Lo, University of New South Wales

Science Category: star formation
Observing Modes: IrsMap
Hours Approved: 19.3

Abstract:

Most stars form in clusters of 100 or more members, in the vicinity of OB stars,
and in very different conditions from those assumed by standard ambipolar
diffusion models. The effect that the feedback from the OB stars has on the
nearby gas is not known: it may trigger new stars, or it may disrupt the gas,
preventing further star formation. Models disagree on the likely effects, but
some testable predictions have been made, such that only low and medium mass
stars may form in these conditions, and that injection of energy from
protostellar flows at small scales is necessary to sustain star formation in a
region. Recently it has been suggested that supersonic interstellar turbulence
is critical for promoting the density enhancements needed to form stars and for
preventing large scale collapse of giant molecular clouds (GMCs) into stars. As
a result stars could form even in the envelopes of the GMCs at significant
distances from the OB star clusters. Our group is studying the G333.2-0.4 GMC,
both through radio observations of the molecular lines (from which we derive the
density, temperature, velocity, and turbulence structures) and through analysis
of the Spitzer GLIMPSE and MIPSGAL and 2MASS images (from which we determine the
stellar population parameters). We have found 12 objects in the IRAC images that
have the appearance of young stellar objects (¥YSOs), all lying at some distance
from the central OB star clusters. Six objects almost surely have molecular
hydrogen outflows from their IRAC 4.5 micron images and six are extremely red
and probably quite luminous. We propose IRS spectral observations of these
candidate YSOs, plus one molecular outflow source, to determine the spectral
types and ages of the objects and their outflow characteristics. These
observations will allow us to link the stellar and protostellar content to the
turbulent properties of the molecular gas determined from the G333
multi-molecular line survey of the region.
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Spitzer Space Telescope — General Observer Proposal #30848

MIPSCAR: A Far-Infrared Survey of the Carina Nebula

Principal Investigator: Nathan Smith
Institution: University of Colorado

Technical Contact: Nathan Smith, University of Colorado

Co-Investigators:

Sean Carey, Spitzer Science Center

Barbara Whitney, Space Science Institute
Edward Churchwell, University of Wisconsin
Keivan Stassun, Vanderbilt University

Science Category: star formation
Observing Modes: MipsScan
Hours Approved: 24.7

Abstract:

The Carina Nebula provides a unique laboratory in which to study an environment
where very massive stars are influencing the birth and early evolution of
low-mass stars and protoplanetary disks in their immediate environment. What
makes it unique is the combination of its rich stellar content and its proximity
—— it is close enough to spatially resolve protoplanetary disks and Herbig-Haro
jets, and to detect young pre-main sequence stars down to the hydrogen burning
limit, while containing an extreme stellar population comparable to some of the
most massive clusters in our Galaxy or 30 Doradus. We propose to map several
square degrees of the Carina Nebula at 24 and 70 microns with MIPS. Combined
with a large existing dataset that includes previous Spitzer/IRAC and HST
imaging plus extensive ground-based data, far—-IR MIPS imaging will reveal the
complete distribution of embedded star forming cores in the region, and will
allow us to measure the bolometric luminosities of embedded clusters and the
driving sources of HH jets. MIPS 24 micron photometry adds a particularly
critical lever arm to existing 1-8 micron spectral energy distributions, which
will break the degeneracy in model fits and derived properties (masses,
luminosities, disk masses, accretion rates, etc.) of young stars throughout the
region.

Spitzer Space Telescope — Directors Discretionary Time Proposal #266

Young Stars in IC 2118

Principal Investigator: Tim Spuck
Institution: Oil City Area Sr. High School

Technical Contact: Luisa Rebull, SSC

Co-Investigators:

Babs Sepulveda, Lincoln High School

Tony Maranto, Phillips Exeter Academy
Cynthia Weehler, Luther Burbank High School
Theresa Roelofsen, Bassick High School
Luisa Rebull, Spitzer Science Center

Science Category: Star Formation
Observing Modes: IracMap
Hours Approved: 11.6

Abstract:

IC 2118, the Witch Head Nebula (~210 parsecs), is a region of star formation
located near the supergiant star Rigel in the constellation Orion. Last year, we
observed the head of the nebula and approximately QUADRUPLED the number of young
stars known here. We propose using IRAC and MIPS to continue our investigation
by observing the densest part of the rest of the cloud. Our team proposes to use
IRAC and MIPS observations to (1) investigate star formation, (2) look for
likely cluster member stars with infrared excesses, and characterize this young
star population by obtaining their colors and therefore estimates of masses and
ages, (3) study the distribution of stars, their relationship to the ISM, and
the possibilities of triggered star formation, (4) compare the young star
population, distribution, and age to other similar sites of star formation,
e.g., IC 1396 and (5) produce a dramatic image of the interstellar medium in the
region surrounding IC 2118. Since this region is in the Orion constellation near
the bright star Rigel, it provides additional appeal to students and the general
public.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #480

Star formation in Lynds dark clouds

Principal Investigator: Tim Spuck
Institution: Oil City Area Sr. High School

Technical Contact: Luisa Rebull, SSC

Co-Investigators:
Luisa Rebull, SSsC

Science Category: star formation
Observing Modes: IracMap MipsPhot
Hours Approved: 1.2

Abstract:

Recent research on star formation in large molecular cloud complexes, such as
the Cepheus Flare (Kun 1995), Orion, Perseus (Rebull et al. 2007), and Taurus
molecular clouds, have included studies of a number of Lynds dark nebulae (LDN).
Less attention has been given to isolated Lynds clouds. Both LDN 981 and LDN 425
are smaller, more isolated, dark molecular clouds that could contain regions of
active star formation within them —-- they both are associated with IRAS sources,
and based on prior shallow surveys, they both have a YSO candidate in the
neigborhood. Spitzer observations with IRAC and MIPS will allow us to see deep
inside the cloud, deeper than any prior observations could see, and reveal any
hidden star formation that is ongoing in these clouds. This project is part of
the Spitzer Teachers Program.

Spitzer Space Telescope — General Observer Proposal #40503

The first brown-dwarf eclipsing binary: Fundamental tests of brown-dwarf
formation and evolution

Principal Investigator: Keivan Stassun
Institution: Vanderbilt University

Technical Contact: Keivan Stassun, Vanderbilt University

Co-Investigators:
Subhanjoy Mohanty, Harvard-Smithsonian Center for Astrophysics
Robert Mathieu, University of Wisconsin - Madison

Science Category: star formation
Observing Modes: IracMap IrsPeakupImage MipsPhot
Hours Approved: 2.4

Abstract:

We propose a small and straightforward GO program, requiring only 2.4 hr of
Spitzer time, to fully characterize the only known empirical benchmark of the
fundamental physical properties of young brown dwarfs. 2M0535-05, a newly
discovered eclipsing binary in the Orion Nebula consisting of two brown dwarfs,
is a crucial system for study because it provides the first---and to date
only—---direct and accurate measurements of masses and radii for newly formed (~1
Myr) brown dwarfs. Here we seek to: (a) characterize the presence of any
protoplanetary disk material in this system in order to study the evolution of
such disks in young brown dwarfs; and (b) empirically determine the brown
dwarfs’ spectral energy distributions in order to stringently test the
predictions of theoretical brown-dwarf evolutionary models. With these aims, we
will combine IRAC, PCRS, and MIPS observations with Gemini observations in the
optical and 2MASS measurements in the near-infrared, in order to fully
characterize and model the photospheric and disk components of the spectral
energy distribution of 2M0535-05 from 0.5 to 24 um. The observations proposed
here are necessary to realize the full potential of 2M0535-05 as a fundamental
benchmark in our understanding of the nature and origins of brown dwarfs.
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Spitzer Space Telescope — General Observer Proposal #20339

The Lambda Ori Star-Forming Region as a Laboratory for Constraining
Environmental Influences on Circumstellar Disk Lifetimes

Principal Investigator: John Stauffer
Institution: Spitzer Science Center

Technical Contact: Luisa Rebull, SSC

Co-Investigators:

David Barrado y Navascues, LAEFF, Spain
Luisa Rebull, SSC

Lee Hartmann, CfA

Solange Ramirez, SSC

Tom Megeath, SAO

Lori Allen, SAO

Science Category: Star Formation
Observing Modes: IracMap MipsScan
Hours Approved: 27.9

Abstract:

We propose to examine in detail a single, particularly diverse star—-forming
region, the Lambda Ori star-forming region (LOSFR), with the goal of attempting
to understand how the local environment may affect disk formation and evolution
even within a single star—forming region. At the center of the LOSFR is a
compact, rich cluster containing many high mass stars and thought to have been
the site of a supernova within the past approximately two million years. Winds
from the supernova and the remaining high mass stars have clearly sculpted the
ISM over the 15 x 15 pc region of the LOSFR, sweeping up most of the gas and
dust into a shell seen prominently with IRAS. A number of additional clusters
exist in the LOSFR, many of them near the ‘‘leading edge" of the molecular gas
in the ring, possibly indicating that star formation at those sites was
triggered by the shock wave associated with the events occurring in the central
star cluster. We have previously obtained Spitzer IRAC and MIPS imaging of the
central star cluster with the aim of determining the frequency of circumstellar
disks there. With this proposal, we ask for additional time to obtain maps of
several other sites of recent star—formation in the LOSFR in order to determine
the IMF of these clusters and their disk frequency and radial structure as a
function of cluster age and cluster location within the LOSFR. We will use these
data, along with ground-based photometry and spectroscopy which we are
gathering, in order to form a more detailed model of the star—-forming history of
the LOSFR.

Spitzer Space Telescope — General Observer Proposal #20762

Using Spitzer IRAC Imaging As A Solid Foundation For A Comprehensive Study Of
The Molecular Core L1551-MC.

Principal Investigator: Jonathan Swift
Institution: University of California, Berkeley

Technical Contact: Jonathan Swift, Institute for Astronomy

Co-Investigators:
Wm. Welch, University of California, Berkeley
James Di Francesco, National Research Council of Canada, HIA

Science Category: Star Formation
Observing Modes: IracMap
Hours Approved: 0.3

Abstract:

We propose to observe the newly discovered pre-protostellar core, L1551-MC, in
search of a deeply embedded protostar. All previous observations of this region
spanning wavelengths from cm to the near IR have failed to reveal direct
evidence for such an object. However, the existence of the Herbig-Haro object
HH265 in close proximity to the core and spectral signatures seen in our recent
molecular line maps are suggestive of protostellar activity. The Spitzer Space
Telescope has the sensitivity and resolution to unambiguously identify any
embedded protostellar source providing a solid reference point for the
continuing thesis work on this object.
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Spitzer Space Telescope — General Observer Proposal #50039

Spitzer observations of DC 314.8-5.1: Dust properties and star formation in an
isolated globule

Principal Investigator: Douglas Whittet
Institution: Rensselaer Polytechnic Institute

Technical Contact: Douglas Whittet, Rensselaer Polytechnic Institute

Co-Investigators:
Sachindev Shenoy, Spitzer Science Center
Amanda Cook, Rensselaer Polytechnic Institute

Science Category: star formation
Observing Modes: IracMap IrsMap IrsStare MipsPhot
Hours Approved: 9.3

Abstract:

There is much current interest in identifying dense cores and globules prior to
or close to the onset of low-mass star formation. We propose the first Spitzer
observations of DC 314.8-5.1, an isolated, optically-opaque globule that
promises to be an excellent test of physical conditions and dust properties in
such regions. The distance to the globule - and hence parameters that depend on
distance - are well constrained by its serendipitous association with a B-type
field star. This circumstance also provides an opportunity to study the
interaction of the globule with the UV flux from the B-type star. We propose a
coordinated suite of IRAC, MIPS and IRS observations designed to probe the
physics and chemistry of interstellar material in the globule and resolve the
question of whether there is significant current star formation. IRAC and MIPS
images will be used to extend to longer wavelengths an existing 2MASS survey of
the stellar content of the region, providing reliable discrimination between
young stellar objects and reddened background stars. IRS pointed and mapping
observations will be used to detect and study PAH emission features in the
reflection nebula surrounding the embedded star, the relative strengths of which
constrain the ionization state of the carrier molecules. High resolution IRS
staring mode observations will also be obtained to search for CO2 ice absorption
at 15 microns toward two point sources with high extinction. Results will enable
us to compare physical conditions and dust properties in this isolated globule
with those prevailing in prototypical dense environments, including cores within
dark clouds (e.g. Taurus), and reflection nebulae illuminated by embedded YSOs
(e.g. NGC 7023).

Spitzer Space Telescope — General Observer Proposal #20052

IRAC and MIPS Observations of IC 1805

Principal Investigator: Sidney Wolff
Institution: NOAO

Technical Contact: Luisa Rebull, SSC

Co-Investigators:

Steve Strom, NOAO

Luisa Rebull, SSC

Joan Najita, NOAO

Lynne Hillenbrand, Caltech

John Stauffer, SSC

Jane Greaves, University of St Andrews
Ian Bonnell, University of St Andrews

Science Category: Star Formation
Observing Modes: IracMap MipsPhot
Hours Approved: 11.8

Abstract:

To date, solar-type stars (M < 1 Msun) have been a main focus of Spitzer
observations aimed at understanding the initial phases of disk evolution - as
disks transition from the accretion phase (3-10 Myr) to the very early debris
disk phase (10-30 Myr). By comparison, disks in comparable evolutionary phases
surrounding intermediate mass stars have received only modest attention.

Because accretion disks (ADs) are more massive (5-10x) and shorter-lived (~10x)
among stars with M > 2 Msun, the initial conditions (timescale, surface density)
for planet formation should be significantly different. How do these differences
manifest themselves as disks surrounding these stars evolve from the AD to early
debris disk phases? Could short AD lifetimes inhibit giant planet formation via
core accretion? Or might giant planets form quickly via gravitational
instability, and produce relatively high optical depth disks with large holes
interior to the planet? We propose an IRAC and MIPS study of the young (1-3 Myr)
cluster IC 1805. This region contains one of the richest known (N~400)
populations of 2-8 Msun young stars — a sample large enough to track the early
evolution of disks. Our goals are to (a) determine the fraction of stars as a
function of time and mass having IR SEDs consistent with optically thick ADs to
provide thereby robust estimates of AD lifetimes as a function of mass for 2-8
Msun stars; (b) use IRAC colors and MIPS-24 measurements to (i) diagnose the
fraction of flared and flat ADs and thus constrain dust settling timescales;
(ii) search for ’‘transition disks’ which lack evidence for small grains in their
inner disk but have robust 24 um excesses indicative of a significant grain
population beyond several AU; (c) use the 3.6-24 um SEDs to constrain the radial
distribution of dust among a potentially large sample of debris disks and to
provide insight into the physical processes that sculpt the solid matter
distribution.
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Spitzer Space Telescope — General Observer Proposal #40321

A Deep and Wide View of the RCW 108 Star Forming Complex

Principal Investigator: Scott Wolk
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Scott Wolk, Smithsonian Astrophysical Observatory

Co-Investigators:

S. Thomas Megeath, University of Toldeo
Robert Gutermuth, SAO

Tyler Bourke, SAO

Gary Melnick, SAO

Science Category: star formation
Observing Modes: IracMap MipsPhot
Hours Approved: 9.7

Abstract:

At a distance of only 1.3 kpc the embedded high mass cluster RCW 108-IR, powered
by a pair of O stars (06-08), lies at the heart of an optically obscured, but
highly IR-luminous region within the Ara OBl association. Chandra observations
detect over 400 X-ray sources in this region, but many lack near-infrared
counterparts even in deep ground based observations - particular in the core of
the embedded cluster. Detailed analysis of Chandra X-ray data of RCW 108 reveals
the existence of at least 3 distinct regions actively forming stars in this
complex — all may be triggered by winds or photoevaporation from the O stars at
the center of NGC 6193. This hypothesis is supported by the association of each
region with clouds of molecular gas and dust, and with clusterings of stars with
K-band excess, with morphological structures indicative of an external
influence. Here we propose to map this complex using IRAC and MIPS, and combine
these data with our Chandra data with the following goals: 1) To probe for the
most embedded objects within the young clusters and identify protostellar
members, to obtain a complete census of young stars in the regions, and so to
study the evolution of the the very young massive cluster RCW 108-IR and the
nearby clustered regions. 2) To study the disk evolution among 4 related
clusters (including the more evolved NGC 6193) to determine how environment
effects disk evolution. 3) To examine the evidence for external influences on
the evolution of these regions, and study the role of triggered star formation
within them.

Spitzer Space Telescope — Archive Research Proposal #50145

Archival Survey of Orion A with Spitzer, XMM-Newton and Chandra

Principal Investigator: Scott Wolk
Institution: Harvard Smithsonian Center for Astrophysics

Technical Contact: Scott Wolk, Harvard-SAO

Co-Investigators:

Elaine Winston, SAO (currently Dublin)
S. Thomas Megeath, University of Toledo
Lori Allen, SAO

Robert Gutermuth, SAO

Salvatore Salvatore, INAF

Phil Myers, SAO

Lee Hartmann, University of Michigan
Giusi Micela, INAF

John Stauffer, IPAC

Luisa Rebull, IPAC

Marc Gagne, West Chester University
John Bally, University of Colorado
Joanna Oliveira, Keele

Fred Walter, SUNY Stony Brook

Science Category: star formation
Dollars Approved: 75000.0

Abstract:

We propose an archival project to combine data from the Spitzer GTO surveys of
the Orion A cloud with archival XMM-Newton and Chandra observations of the same
region and our own ground based spectra to better understand star formation in
the nearest giant molecular cloud. To understand the evolution of stars and
disks in the first million years requires a large sample. The Spitzer Orion GTO
surveys contain 1800+ Class 0, I, and II stars and an unknown number of Class
III sources. The X-ray observations, which include over 2000 sources, are the
premier method of identifying the remaining young stars WITHOUT disks.

Combining these data with ground based optical spectra and sub-mm observations
we will: - Identify the PMS stars without disks. - Determine the demographics of
stars (clusters, groups, isolation) as a function of evolutionary class. - Study
the relative importance of clustered versus isolated star formation. - Examine
the effect of environment on star formation and disk evolution. - Examine the
relative duration of the Class II and transition disk phases and the commonality
of inner disk holes. — Study the evolution of the X-ray emitting plasma from the
protostellar to the pre-main sequence phases. - Study the possible effect of
X-rays on evolving disk systems. GMCs are the dominant sites of star formation
in our Galaxy. The combination of data from optical, infrared and sub-mm surveys
will provide the most complete survey of star formation in a GMC to date. With
these data, we hope to better understand the star forming process in GMCs, and
what distinguishes these massive clouds from nearby dark cloud complexes such as
Taurus and Ophiuchus.
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Spitzer Space Telescope — General Observer Proposal #40563

In search of Class I brown dwarfs

Principal Investigator: Kenneth Wood
Institution: University of St Andrews

Technical Contact: Kenneth Wood, University of St Andrews

Co-Investigators:

Alexander Scholz, St. Andrews
Tom Robitaille, St. Andrews
Jane Greaves, St. Andrews

Science Category: star formation
Observing Modes: MipsPhot
Hours Approved: 8.6

Abstract:

Class I objects are the progenitors of classical T Tauri (Class II) stars.
Recent surveys in star—-forming regions, partly based on Spitzer data, have shown
that the T Tauri population extends down to objects with only 5-15 Jupiter
masses, the bottom of the Initial Mass Function. The origin of these ultra-low
mass Class II sources is unclear. One way to constrain their nature is to search
for their progenitors: Class I sources with substellar or even planetary masses.
This is the aim of this proposal. Currently available Spitzer surveys (e.g.,
C2D) are not deep enough to detect these ’'proto brown dwarfs’. We found that the
current MIPS surveys are only sensitive down to 0.5mJy, while ultra-low mass
Class I sources are expected to have 24mu fluxes down to 0.05 mJy. Broad
wavelength coverage in the mid-infrared is mandatory for a reliable
discrimination between Class I, Class II, and background objects. Therefore we
propose to carry out a new, deep 24mu survey in the young, compact cluster
NGC1333 located in the Perseus star forming region, known for a rich Class I
population. We have developed a grid of SED models, together with a SED fitting
machine, tailored for large object samples. It has been demonstrated that this
grid is able to determine the evolutionary status of young stellar sources
reliably based on Spitzer colours. We will combine the new 24mu data with
publicly available IRAC data, and use the SED fitting machine to identify the
lowest mass Class I sources in NGC1333. This candidate sample is the ideal
starting point for dedicated follow-up observations, e.g. submm imaging and
interferometry as well as near—-infrared spectroscopy. Once confirmed as Class I
brown dwarfs, these objects will serve as a valuable probe for the bottom of the
Class I mass function as well as the origin of brown dwarfs.

Spitzer Space Telescope — Directors Discretionary Time Proposal #477

A Spitzer study of the extreme outburst of EX Lup

Principal Investigator: Peter Abraham
Institution: Konkoly Observatory

Technical Contact: Peter Abraham, Konkoly Obs.

Co-Investigators:

Thomas Henning, Max-Planck-Institut for Astronomie

Attila Juhasz, Max-Planck-Institut for Astronomie

Agnes Kospal, Konkoly Observatory

Attila Moor, Konkoly Observatory

Laszlo Mosoni, Konkoly Observatory

Nikoletta Sipos, Konkoly Observatory

Aurora Sicilia Aguilar, Max—-Planck-Institut for Astronomie
Roy van Boekel, Max-Planck-Institut for Astronomie

Science Category: young stellar objects
Observing Modes: IrsStare MipsPhot MipsSed
Hours Approved: 0.9

Abstract:

EX Lupi is the prototype of EXors, a class of pre-main sequence eruptive
variables defined by their unpredictable brightenings which typically last
several months. Since 2008 January EX Lup is unusually bright and apparently
entered a new outburst period. It reached an extreme peak brightness of 8 mag,
brighter than at any time before. We propose to observe EX Lup during its most
extreme eruption with the Spitzer Space Telescope, in order tomeasure the 3.6-70
micrometer spectral energy distribution and perform mid-infrared spectroscopy.
Using the new Spitzer data we will compare the quiescent and outburst states by
analysing the wavelength-dependence of the outburst and interpret the results in
terms of disk temperature/density structure. We will also analyse the silicate
spectral features in order to look for the formation of crystalline silicates,
never seen in young eruptive stars before. We request 1.4 h observing time for
this program.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #524

Spectral evolution and dust mixing in the recently erupted disk of EXLup

Principal Investigator: Peter Abraham
Institution: Konkoly Observatory

Technical Contact: Peter Abraham, Konkoly Observatory

Co-Investigators:

Jeroen Bouwman, Max-Planck-Institut For Astronomie
Cornelis Dullemond, Max—-Planck-Institut for Astronomie
Thomas Henning, Max-Planck-Institut for Astronomie

Attila Juhasz, Max-Planck-Institut for Astronomie

Agnes Kospal, Max-Planck-Institut for Astronomie

Attila Moor, Konkoly Observatory

Laszlo Mosoni, Max—-Planck—-Institut for Astronomie
Nikoletta Sipos, Konkoly Observatory

Aurora Sicilia Aguilar, Max-Planck-Institut for Astronomie

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 0.5

Abstract:

This proposal is a follow—up of our previous Spitzer DDT PID 477, where we
observed the young eruptive star EX Lup during its outburst, and detected
on-going silicate crystal formation for the first time in a young eruptive star.
We argue that spectral evolution at mid-infrared wavelengths takes place also in
the fading phase of the outburst, and we request two new IRS observations to
complete our spectral monitoring program and document the spectral changes. The
data will help to characterize the newly formed crystal population, and provide
important insight into the mixing processes in the disk. Spitzer/IRS is the only
instrument we could use for our program. We request 0.5 hours observing time.
Since the propose date of the first observation is early October 2008, this is a
time-critical program.

Spitzer Space Telescope — General Observer Proposal #20302

A Spitzer imaging study of a selected sample of prestellar cores

Principal Investigator: Philippe Andre
Institution: CEA Saclay

Technical Contact: Philippe Andre, CEA Saclay

Co-Investigators:

Nicolas Peretto, CEA Saclay, France

Aurore Bacmann, Observatoire de Bordeaux, France

Jeroen Bouwman, MPIA Heidelberg, Germany

Derek Ward-Thompson, Cardiff University, UK

Kengo Tachihara, Astrophysical Institute, Jena, Germany
Toshikazu Onishi, Nagoya University, Japan

Science Category: young stellar objects
Observing Modes: IracMap MipsScan
Hours Approved: 26.5

Abstract:

We propose a dedicated imaging study with both IRAC and MIPS of six nearby
prestellar cores spanning a range of environmental conditions. These cores,
which have previously been mapped at 7 microns with ISOCAM and/or 1.3mm with the
IRAM 30m telescope, are believed to be representative of the initial conditions
for protostellar collapse. Some of them apparently feature sharp outer edges,
possibly corresponding to a dramatic change in the thermal properties of the
gas/dust at the interfaces with the ambient cloud. We expect these starless
cores to be seen absorption with IRAC at 3.6-8 microns and MIPS at 24 microns
and in emission with MIPS at 160 microns. Our proposed multi-wavelength imaging
with Spitzer will allow us to obtain unique constraints on their outer
temperature structure and on the physical nature of their apparently sharp
interfaces with their parent clouds. The improved resolution of IRAC over ISOCAM
will also allow us to probe, for the first time, the small-scale structure of
these objects (and possible sub-fragmentation into multiple systems).
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Spitzer Space Telescope — Archive Research Proposal #20663

A Combined Spitzer IRAC/MIPS/IRS and XMM-Newton Survey of the Taurus Molecular
Cloud

Principal Investigator: Marc Audard
Institution: Columbia University

Technical Contact: Marc Audard, Columbia University

Co-Investigators:

Manuel Guedel, Paul Scherrer Institut

Deborah Padgett, Spitzer Science Center
Sebastian Wolf, Max Planck Institute for Astronomy
Kevin Briggs, Paul Scherrer Institut

Sergio Fajardo—Acosta, Spitzer Science Center
Adrian Glauser, Paul Scherrer Institut
Patrick Morris, Spitzer Science Center

Luisa Rebull, Spitzer Science Center

Stephen Skinner, University of Colorado

Karl Stapelfedlt, Jet Propulsion Laboratory

Science Category: young stellar objects
Dollars Approved: 80000.0

Abstract:

We propose to mine the Spitzer IRS data archive to complement our Spitzer
IRAC/MIPS and XMM-Newton X-ray surveys of the Taurus Molecular Cloud (TMC). We
will combine the Spitzer data with those obtained in the X-ray regime with
XMM-Newton. Our goals are i) to reconstruct the detailed spectral energy
distributions of young stellar objects in TMC. Our disk models will provide a
comprehensive description of the circumstellar disks in young stars; ii) to
combine infrared dust and gas modeling with X-ray spectroscopy. We will derive
estimates of the total gas masses, of gas—to—dust ratios, and of disk surface
ionization; iii) to determine the role of X-ray irradiation for heating,
ionization, and disk chemistry. The Spitzer IRAC, MIPS, and IRS data in
combination with the XMM-Newton data provide a unique opportunity to study in
detail the structure and composition of circumstellar disks and envelopes in
stars from the deeply embedded stage to the accretion-free stage of weak—-lined T
Tauri stars, and to determine the role of X-rays in these systems.

Spitzer Space Telescope — General Observer Proposal #41019

Catching the Post-Outburst State of the Erupting Star V1118 Ori

Principal Investigator: Marc Audard
Institution: Observatoire de Geneve

Technical Contact: Marc Audard, Observatoire de Geneve

Co-Investigators:

Manuel Guedel, Paul Scherrer Institute
Stephen Skinner, University of Colorado
Guy Stringfellow, University of Colorado
Kevin Biggs, Paul Scherrer Institute
Frederick Walter, SUNY Stony Brook

Edward Guinan, Villanova University

Ryan Hamilton, New Mexico State University

Science Category: young stellar objects
Observing Modes: IracMap IrsStare MipsSed
Hours Approved: 2.7

Abstract:

We propose to catch the post-outburst state of the young accreting star V1118
Ori with Chandra and Spitzer. V1118 Ori underwent an optical outburst in January
2005 and has now returned to a ‘‘quiescent’’ state. Our X-ray monitoring
observations have shown that the X-ray spectrum softened after the outburst,
maybe due to changes in the magnetic structure near the star as a result of the
increased accretion load. Our long-term monitoring indicates that the X-ray flux
correlates with the optical flux, a signature that accretion can impact the
X-ray emission of outbursting young stars. We propose also to obtain the
post-outburst spectral energy distribution in the mid-infrared with Spitzer. We
will compare the new data with those taken by us in the early phase of the
outburst.
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Spitzer Space Telescope — General Observer Proposal #50654

Testing the Evolution of Young Stars with FU Orionis Objects

Principal Investigator: Marc Audard
Institution: Observatoire de Geneve

Technical Contact: Marc Audard, Observatoire de Geneve

Co-Investigators:

Carla Baldovin Saavedra, University of Geneva
Andres Carmona, University of Geneva

Thierry Lanz, University of Maryland

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 2.7

Abstract:

FU Orionis objects (FUors) play a central role in the study of the evolution of
young stars. They undergo accretion outbursts that can bring up to about 0.01
solar masses per outburst, therefore providing a significant amount of mass in
the pre-main sequence life of a star. Spitzer IRS observations of FUors have
shown either silicate features in absorption and ice bands or silicates in
emission with no ice bands. This led some authors to propose an evolutionary
paradigm in which the former FUors are younger than the latter FUors. The FUor
phase might be a common but rarely observed phase (about 20 FUors known) of most
young low-mass stars and might be the link between Class I and Class II sources.
So far, Spitzer has obtained IRS spectra of about half of the FUor catalog,
focusing on its most famous class members. With this short Spitzer proposal, we
aim to observe FUors that have not yet been observed with the IRS or had no
high-resolution module spectra. We will study the composition and evolution of
dust grains and of ices in FUors surrounded by envelopes, and we aim at
detecting faint molecular hydrogen and atomic lines with the high-resolution
module spectra. The IRS spectra will probe the stellar environment, and thus
test the above evolutionary paradigm and the different theories for the origin
of FUor outburst. The Spitzer IRS observations of our sample of FUors will
therefore provide additional insights about a significant phase in the life of
young stars with the aim to better describe the evolutionary sequence from Class
I star to Class II sources.

Spitzer Space Telescope — General Observer Proposal #50807

Spitzer IRS follow-up of low-luminosity objects in Taurus

Principal Investigator: Carla Baldovin Saavedra
Institution: University of Geneva

Technical Contact: Carla Baldovin Saavedra, University of Geneva

Co-Investigators:

Marc Audard, University of Geneva

Deborah Padgett, SSC

Luisa Rebull, SSC

Karl Stapelfeldt, JPL

Susan Terebey, California State University Los Angeles
Lynne Hillenbrand, Caltech

Manuel Guedel, ETH Zurich

Adrian Glauser, ETH Zurich

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 15.5

Abstract:

We propose to obtain IRS spectra of a sample of low-luminosity young stars in
the Taurus Molecular Cloud that were identified in our Spitzer IRAC and MIPS
Legacy survey of the cloud complex. Our sample contains Class 0/I and II
sources, transitional disks, edge-on disks, and brown dwarfs with accretion
disks. This IRS follow-up proposal is complementary to the IRS GTO program on
previously known, bright Taurus members and will provide information on the disk
properties of hitherto unknown low-mass and sub-stellar objects. Our goals
include a comparison of IRS spectra low-luminosity members and the bright
members; a determination of the proto-planetary disk properties; a
quantification of dust processing in their disks; and a study of the properties
of transitional disks and enveloppes in embedded protostars..

Thursday March 25, 2010

gal_covers.txt

109/424



Printed_by_SSC

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 219/847

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 220/847

Spitzer Space Telescope — General Observer Proposal #30849

IRS Scan Mapping of IRAS16253-2429: A Textbook Example for Unlocking the Secrets
of Protostellar Outflows

Principal Investigator: Mary Barsony
Institution: San Francisco State University

Technical Contact: David Ciardi, Michelson Science Center

Co-Investigators:

Hector Arce, American Museum of Natural History

David Ciardi, Michelson Science Center/Caltech

David Cole, JPL

Angela Cotera, SETI Institute

Adam Frank, University of Rochester

Dirk Forebrich, Dublin Institute for Advanced Studies
Alyssa Goodman, Harvard—-CfA

Karl Haisch, Utah Valley State College

Robert Hurt, SSC/Caltech

Gerald Moriarty-Schieven, JAC

JoAnn O’Linger, SSC/Caltech

Randy Phelps, California State University, Sacramento
Michael Ressler, JPL

Raghvendra Sahai, JPL

Janet Simpson, SETI Institute

Michael Smith, University of Kent

Grace Wolf-Chase, Adler Planetarium/University of Chicago
Jason Ybarra, San Francisco State University

Science Category: young stellar objects
Observing Modes: IrsMap
Hours Approved: 11.7

Abstract:

IRAS 16253-2429 is a newly discovered Class 0 protostar in the nearby Rho
Ophiuchi molecular clouds. Ground-based imaging tracing its 2.12 micron H2
emission and CO(3-2) molecular line maps reveal its bipolar, molecular outflow.
The IRAC images from the Spitzer archive show a beautiful, bipolar hourglass
structure, tracing the outflow cavities, in addition to shock features from the
flow. The requested IRS scan mapping is necessary to separate the pure shocked
molecular line emission associated with the flow, from the scattered dust
continuum emission of the cavity, and from the PAH (polycyclic aromatic
hydrocarbon) feature emission found throughout the Rho Oph clouds. Hydrodynamic
jet models , including molecular chemistry and cooling, can then be
quantitatively compared with the IRS scan maps to infer jet characteristics,
such as the presence of an underlying pulsed, continuous, and/or precessing jet.
The uniqueness of IRAS16253-2429 stems from the fact that its infall envelope is
seen in absorption against the bright background PAH emission of its parent
cloud, which is backlit by the FUV/UV light of the Sco OB2 association. This
means we can derive the infallenvelope'’s density distribution (at multiple
wavelengths, with IRS scan mapping), as well as the outflow cavities’ density
distributions at the highest spatial resolution ever achieved for a Class 0
protostar. The derived envelope density distribution will then serve as input
for hydrodynamic models of jet-driven and wide-angled wind driven cavities. The
predicted cavity density distributions from these models will then be
quantitatively compared with the observations to infer the nature of the driving
wind/jet at this very early protostellar stage.

Spitzer Space Telescope — General Observer Proposal #20755

A Multi-epoch IRS Accretion Variability Study of Actively Accreting T Tauri
Stars

Principal Investigator: Jeffrey Bary
Institution: University of Virginia

Technical Contact: Jeffrey Bary, University of Virginia

Co-Investigators:
Michael Skrutskie, University of Virginia
Dawn Peterson, University of Virginia

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 8.4

Abstract:

We propose to use Spitzer and IRS in SL1 and SL2 modes to make multiple
observations of actively accreting T Tauri stars during the course of Cycle 2.
In coordination with an ongoing near-infrared spectroscopic survey of the same
sources, we hope to characterize the time dependence and nature of accretion
variability in these sources and determine if a correlation exists between inner
and outer disk accretion activity. We expect the accretion variability to
manifest itself as fluctuations in the shapes of the near-IR and mid-IR spectral
energy distributions as well as variations in the line strength and shapes of
accretion-related emission line features.
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Spitzer Space Telescope — General Observer Proposal #3434

The Structure and Content of Pre—-Stellar Massive Cores

Principal Investigator: Edwin Bergin
Institution: University of Michigan

Technical Contact: Edwin Bergin, University of Michigan

Co-Investigators:

Lori Allen, Smithsonian Astrophysical Observatory
Tracy Huard, Smithsonian Astrophysical Observatory
David Wilner, Smithsonian Astrophysical Observatory

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot
Hours Approved: 3.9

Abstract:

Significant progress has been made in understanding the formation of low-mass
stars like the Sun through detailed studies of isolated pre-stellar dense cores
in nearby dark clouds. Much less progress has been made in understanding the
formation of high-mass stars, in part because they are intrinsically rare, short
lived, and more distant, but also because the initial phase-- the pre-stellar
massive core —— has not been identified. The recent MSX survey of the Galactic
Plane has allowed us to construct a catalog of 114 candidate pre-stellar massive
cores selected for high extinction (8 micron opacity), proximity to known sites
of high-mass star formation, and lack of embedded sources. We have imaged 50 of
these candidates in various molecular lines at millimeter wavelengths and find
close correspondence between the molecular emission and the dark patches of
extinction seen in the mid-infrared. Because of selective depletion of molecules
onto cold dust grains, the chemical characteristics of these regions provide an
indicator of evolutionary state. We propose to use the Spitzer Space Telescope
to observe a sample of these candidate pre-stellar massive cores with the
following goals: (1) to search for deeply embedded luminosity sources within the
cores using IRAC and MIPS to confirm that they do not harbor any stars to very
low luminosity limits, (2) to map the unknown physical structure of the cores
using IRAC images to measure extinction against background stars as well as the
diffuse Galactic background, and (3) to correlate the derived physical
structures of these cores with the known chemical properties to place them in an
evolutionary context, similar to that of their low-mass brethren.

Spitzer Space Telescope — General Observer Proposal #50537

Variability in PMS Circumbinary Disks

Principal Investigator: Andrew Boden
Institution: California Institute of Technology

Technical Contact: Andrew Boden, California Institute of Technology

Co-Investigators:

Rachel Akeson, IPAC/Caltech
David Ciardi, IPAC/Caltech
Carl Grillmair, IPAC/Caltech

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 5.1

Abstract:

In the canonical model of star formation, the role of multiplicity remains an
open issue, particularly in the formation and evolution of circumstellar and
circumbinary disks. We propose to use Spitzer/IRS observations to measure
variations in circumbinary disk emission with orbital phase in two pre-main
sequence binaries. Variations in continuum spectral slope and silicate line
strength and shape are expected from changes in the stellar illumination of the
inner disk with orbital phase. These observations will probe the disk structure
and composition, serving as a test of predictions made by dynamical models.
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Spitzer Space Telescope — Legacy General Observer Proposal #139

From Molecular Cores to Planets

Principal Investigator: Neal Evans
Institution: University of Texas

Technical Contact: Neal Evans, University of Texas

Co-Investigators:

Lori Allen, Smithsonian Astrophysical Observatory
Geoffrey Blake, California Institute of Technology
Paul Harvey, University of Texas at Austin

David Koerner, University of Pennsylvania

Lee Mundy, University of Maryland

Philip Myers, Smithsonian Astrophysical Observatory
Deborah Padgett, Spitzer Science Center

Anneila I. Sargent, California Institute of Technology
Karl Stapelfeldt, Jet Propulsion Laboratory

Ewine van Dishoeck, Leiden University

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot
Hours Approved: 400.0

Abstract:

The formation of stars and planets from molecular cloud cores is a key area for
research this decade. Crucial steps in this process can only be studied at
mid-infrared to far-infrared wavelengths, where SIRTF provides an unprecedented
improvement in sensitivity. We propose to use SIRTF (IRAC, MIPS, and IRS) to
obtain data that span the evolutionary sequence from cores to planets, including
a sampling of other variables, such as mass and environment, sufficient to
separate these variables from evolution. In addition to observing known sources,
we will scan large areas in molecular clouds for low luminosity sources and make
a complete sample of nearby solar-type stars for debris disks. Spectroscopy of
known objects spanning the full evolutionary range will be complemented by
follow-up spectroscopy on new objects found in the surveys. The resulting data
products will include catalogs of thousands of previously unknown sources,
multiwavelength maps of very large regions, spectra of hundreds of sources,
ancillary data, and new tools for analysis and modeling. These will provide many
opportunities for follow-up studies with SIRTF, other space missions, including
SIM, NGST, and TPF, and ground-based telescopes.

Spitzer Space Telescope — Directors Discretionary Time Proposal #232

Deep IRAC and MIPS 160 Imaging of L1014

Principal Investigator: Neal Evans
Institution: University of Texas

Technical Contact: Deborah Padgett, California Institute of Technology

Co-Investigators:
The c2d Team ,

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot
Hours Approved: 1.2

Abstract:

This program obtain deep IRAC and MIPS 160 observations of L1014 —- a "starless"
core. These data will supplement the shallow IRAC and MIPS 24, 70 data obtained
with the C2D Legacy program.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #219

Dark Clouds

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Sean Carey, SSC

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot
Hours Approved: 1.1

Abstract:

This program will map three infrared dark-clouds (IRDCs) with IRAC and embedded
massive protostars within the IRDCs with MIPS. IRDCs are large, cold, dense
molecular cores with substantial mid-infrared extinction (> 1 mag from 8-25
microns). IRDCs have gas densities of 10”6 cm”-3 and temperatures of 8-15K.
IRDCs contain bright submillimeter sources with molecular outflow and infall
signatures. The available data suggests these sources are massive class 0
protostars. This program will measure the embedded protostellar/young stellar
content of the IRDCs and measure the mid-infrared extinction curve towards these
objects. A total of 73 minutes of observing time with IRAC and MIPS is required.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30319

Exploring the Time Domain: IRAC Photometric Monitoring of the Serpens Cloud Core

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: John Stauffer, Spitzer Science Center

Co-Investigators:

John Stauffer, SSC/JPL

Luisa Rebull, SSC

S. Tom Megeath, CfA

Lori Allen, CfA

David Barrado y Navascues, LAEFF, Spain

Science Category: young stellar objects
Observing Modes: IracMap
Hours Approved: 15.4

Abstract:

In the past year, several programs have demonstrated that IRACcan provide
extremely accurate and stable time-series photometry. This scientific capability
has so far been used to detect the thermal emission of extra-solar planets and
to attempt to detect cloud formations in the photospheres of brown dwarfs (brown
dwarf "weather"). We believe there is another topic where IRAC’s very stable
photometry can break new ground. We propose to use IRAC to monitor a set of
50-100 very young PMS stars in the embedded star—-forming region of the Serpens
cloud core. Most of the stars in this region are too embedded to monitor at
optical wavelengths. Monitoring could be done from the ground in the near-IR,
but we believe the much better stability (both photometric and PSF width/shape)
provided by IRAC will allow fundamentally different science to be considered
with our Spitzer data. The variability of PMS stars has been the subject of
considerable effort in the optical and in the near—-IR, but this will be the
first significant attempt with IRAC and by far the most sensitive PMS star
monitoring program ever attempted in the mid-IR. Based on previous optical and
near-IR efforts, we expect to see variability due to rotational modulation and
flaring. We hope in addition we will be able to measure or place limits on the
time variability of the accretion onto the star as reflected by the contribution
to the system light of the inner disk wall. We regard this as an exploratory
program — if we detect variability in a significant fraction of the Serpens
members and if we can tie that variability to specific mechanisms that provide
new insight into how stars are assembled, then we expect our observations will
encourage others to propose similar programs for other regions.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40005

MIPS imaging of infrared PDRs

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Luis Chavarria, Smithsonian Astrophysical Observatory

Co-Investigators:
Luis Chavarria, Cfa
Lori Allen, CfA
Joseph Hora, CfA

Science Category: young stellar objects
Observing Modes: MipsScan
Hours Approved: 12.0

Abstract:

We propose to image eight star-forming regions using MIPS. These data will
complement existing IRAC and ground-based near-IR and optical images, as well as
optical, near-IR and mm-wave spectra in these regions. While the existing data
provide much information about these star—-forming regions, the MIPS data are
needed to identify the protostars. The targets of this proposal include eight of
the nine star-forming regions with prominent infrared photodissociation regions
that were imaged with IRAC during the first GTO cycle (PID201). MIPS data for
the ninth region, AFGL 4029, was obtained in the cycle-2 GTO program of Allen et
al. (W5). These regions, at distances of 2-3 kpc, contain hundreds of young
stars, and in some cases, multiple generations of star formation. The MIPS data
are especially helpful in identifying the very youngest populations, enabling a
census of current star formation.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40006

Distributed vs. Clustered Star Formation in Mon OBl — NGC 2264

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Observatory CfA

Technical Contact: Judith Pipher, University of Rochester

Co-Investigators:

Robert Gutermuth, Smithsonian CfA
S. Thomas Megeath, U. Toledo

Lori Allen, Smithsonian CfA
Phillip Myers, Smithsonian CfA

Science Category: young stellar objects
Observing Modes: IracMap MipsScan
Hours Approved: 8.6

Abstract:

Following successful IRAC + MIPS observations (75% complete) of the GMCs Cep OB3
and Mon R2 harboring high mass star formation in PID 20403 "Distributed vs.
Clustered Star Formation", we propose in this cycle to obtain similar
observations for 2 more GMCs, namely Mon OBl and Cam OBl. The present GTO
proposal begins this program by covering part of the distributed area around NGC
2264 in Mon OBl. The rest of Mon OBl as well as Cam OBl will be proposed as a GO
program. We hope to establish the physical conditions leading to clustered vs.
distributed star formation. We will compare results for all these regions
against similar studies in clouds harboring low mass star formation, for
example, the c2d survey.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #43

An IRAC Survey of the L1630 and L1641 (Orion) Molecular Clouds

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Tom Megeath, Harvard, CfA

Science Category: young stellar objects
Observing Modes: IracMap MipsScan
Hours Approved: 45.3

Abstract:

We will conduct a survey of the Orion A (L1641) and Orion B (11630) Molecular
Clouds in all four IRAC bands. From this survey we can achieve the following:
1.) probe the spatial distribution of young stars in the Orion clouds, comparing
the number of clustered and isolated stars, 2.) study the evolution of
circumstellar disks and envelopes during the first few millions years of
pre—-—-main sequence evolution, and 3.) measure the Orion cloud IMF down to 10-20
Mjupiter.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50244

IRAC imaging of Protocluster AFGL 5157 (NH3)

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Jiasheng Huang, CfA

Co-Investigators:

Ji Yang, Purple Mountain Obs.
Yiping Ao, Purple Mountain Obs.
Yafeng Chen, Purple Moutain Obs.
Ruiging Mao, Purple Moutain Obs.

Science Category: young stellar objects
Observing Modes: IracMap
Hours Approved: 2.4

Abstract:

Formation of star in groups and/or clusters is one of the most important but
unanswered questions in the study of galactic star formation. AFGL 5157 (NH3) is
a unique case undergoing present cluster formation, as proved by the following
key facts: (1), There is no detectable NIR point source within the loci of dense
NH3 core, known from recent ground-base NIR imaging but a radio continuum source
and some H20 masers were found within the core. (2) Within the NH3 core,
multiple H2 jets have been found and about 10 protostellar objects are
responsible for the jets; (3), NMA and SMA detected 14 dust continuum point
sources at 3sigma level of 2 mJy/beam. (4) High-resolution CO imaging at NMA
found a collimated CO jet well matching one of the major NIR H2 jet. In this
study, we propose to observe AFGL 5157 (NH3) by IRAC deep Imaging, Our major
purposes are as following: (1), To detect the cluster by IRAC and to conduct
photometry and to establish the SED of Class 0/1 objects. (2) To build the
luminosity function of the cluster, which, combined with the ground-base
observations on the distribution of protostellar members, should be able to
provide, the first of its kind, luminosity function of a cluster under
formation. (3), To make deep imaging for the jets and outflows within the
region. The results will provide crucial information to locate the evolutionary
status of each cluster member.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #6

Structure and Incidence of Young Embedded Clusters

Principal Investigator: Giovanni Fazio
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Tom Megeath, Harvard-CfA

Science Category: young stellar objects
Observing Modes: IracMap MipsScan
Hours Approved: 49.8

Abstract:

We plan to use the IRAC and MIPS cameras on SIRTF to measure the spatial
distribution of the youngest stars in ~ 24 groups and clusters within 1 kpc, and
to measure the degree of clustering in 7 star-forming complexes within 350 pc.
This program will allow us for the first time to determine systematically how
stars in clusters are arranged at birth--their organization into groups, the
number, spacing, and density of these groups, their range of stellar ages and
their distribution of stellar masses. These observations should strongly
constrain models of cluster formation and of the initial mass function.

Spitzer Space Telescope — Archive Research Proposal #40728

All c2d Spitzer Outflows

Principal Investigator: Alyssa Goodman
Institution: Harvard-Smithsonian Astrophysical Observatory

Technical Contact: Jens Kauffmann, Harvard-SAO

Co-Investigators:

Jens Kauffmann, Harvard-Smithsonian CfA
Hector Arce, American Museum of Natural History
Karl Stapelfeldt, JPL, Pasadena

Neal Evans, University of Texas, Austin
Lori Allen, Harvard-Smithsonian CfA
Tyler Bourke, Harvard-Smithsonian CfA
Tracy Huard, Harvard-Smithsonian CfA
Michelle Borkin, Harvard IIC

Jaime Pineda, Harvard-Smithsonian CfA
Jonathan Foster, Harvard-Smithsonian CfA

Science Category: young stellar objects
Dollars Approved: 64181.0

Abstract:

Protostellar outflows can be well identified as diffuse knots in Spitzer IRAC
images. We therefore propose to systematically search and characterize all
outflows covered by the most extensive Spitzer imaging survey of local star
formation, the Cores to Disks (c2d) Spitzer Legacy Program. This would create an
extensive, homogenously studied (publicly available) legacy-style outflow sample
without biases, likely the most comprehensive one available to date. It would
replace existing studies that usually employ different methods for different
regions, and do never probe a volume of the scale covered by c2d (5 large cloud
complexes and about 90 isolated dense molecular cores). Our homogenous approach
would, e.g., also allow to see known outflows in a new light, since existing
analysis (e.g., on the geometry) is hard to compare between different samples.
Furthermore, also young stellar objects can be well identified and characterized
using Spitzer IRAC and MIPS images. This allows to probe the sources driving
outflows, again in a more homogenous fashion than possible for previous studies.
Based on existing complementary c2d data, which covers the 1 to 1000 micron
wavelength range, we would derive protostellar properties (like bolometric
luminosity and temperature) and associate these with the outflow properties.
Thus, Spitzer?s unparalleled sensitivity to both outflows and stars offers the
unique chance to systematically relate the properties of outflows to the ones of
the driving sources without biases. No grande-scale study of this type has been
conducted so far, in particular none relying on a single, homogenous dataset
covering a significant fraction of the local star formation. Our survey would,
e.g., be critical in gauging the relative abundance of parsec-scale, ?S-shaped?,
and quadrupolar outflows. This is important, given that such flows provide
significant energy transfer over large (cloud-size) scales, possibly indicate
jet precession, and may hint at protostellar binaries, respectively.
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Spitzer Space Telescope — Archive Research Proposal #50668

An archival Spitzer study of protostars

Principal Investigator: Lee Hartmann
Institution: University of Michigan

Technical Contact: Lee Hartmann, University of Michigan

Co-Investigators:

Nuria Calvet, University of Michigan
John Tobin, University of Michigan
Elise Furlan, UCLA

Science Category: young stellar objects
Dollars Approved: 75000.0

Abstract:

We propose to use spatially-resolved imaging and spectroscopic data from
Spitzer, combined with longer-wavelength studies, to develop a comprehensive
picture of protostellar envelopes for a sample of young stellar objects.
Radiative transfer modeling will allow us to explore the following questions:
Do infalling envelopes generally form inner toroids in addition to more
flattened disks, as predicted by some models with strong magnetic fields? Are
most protostellar disks bright in the IRAC range, indicating rapid disk
accretion in early stellar evolution? Do envelopes generally have high-albedo,
i.e., larger grains? What is the nature of the interface between the infalling
envelope and the cavity-producing outflow? The sample of protostars to be
studied will enable us to examine whether envelope properties depend upon
protostellar luminosity and/or environment. Our models will also have long-term
utility, in that we will make predictions for future sub-mm and mm-wave
interferometric observations constraining envelope chemistry, kinematics, and
outflow-inflow interactions. This study will provide fundamental insights into
protostellar collapse in particular and star formation in general.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #114

Molecular and atomic emission-line images of DR 21 and GGD 37

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Dan Watson, University of Rochester

Science Category: young stellar objects
Observing Modes: IrsMap
Hours Approved: 6.5

Abstract:

Molecular and atomic emission-line images of DR 21 and GGD 37 PI: J.R. Houck
Technical contact: Dan Watson DR 21 and GGD 37 (Cep A West) are two of the
best-resolved examples of bipolar outflows and shocks from massive young stellar
objects. In this program we will use the high-spectral-resolution modules of the
IRS to obtained detailed images of emission by molecular hydrogen (three pure
rotational lines), water (13 pure rotational lines) , and several low-excitation
ions and atoms (e.g. [Si II], [Fe II], [S I] and [Ne II]). The structure of the
shocks will be resolved in the images; in particular the dual
cloud-shock/jet-shock structures will be cleanly separated in the many
nearly-edge-on shock rims in these objects. This provides a unique opportunity
—— not possible from suborbital platformas -- for study of the interaction of a
YSO outflow and its surrounding cloud, using probes that trace the bulk of the
material (H2) as well as the bulk of the radiated energy (H20) in the shocked
gas, and will provide strong constraints on models of the interaction and on the
influence of outflows and shocks on ongoing star formation.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30540

Disk structure and planet formation around young low-mass stars and brown dwarfs

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Kevin Luhman, Pennsylvania State University

Co-Investigators:

Dan Watson, University of Rochester
Bill Forrest, University of Rochester
Lee Hartmann, U. Michigan

Nuria Calvet, U. MIchigan

Keven Uchida, Cornell U

Elise Furlan, cornell U.

Greg Sloan, Cornell U

Paola d’Alessio, UNAM-Morelia

Luke Keller, Ithaca College

Joan Najita, NOAO

Christine Chen, NOAO

Ciska Markwick-Kemper, U. Virginia
Mike Jura, UCLA

Tom Roellig, NASA Ames

Mark Marley, NASA Ames

Amy Mainzer, JPL

Tom Megeath, CfA

Lori Allen, CfA

Giovanni Fazio, CfA

James Muzerolle, U. Arizona

Science Category: young stellar objects
Observing Modes: IracMap IrsStare
Hours Approved: 50.1

Abstract:

We propose to obtain IRS complete (5-40 micron) low-resolution spectra of a
sample of 41 young low-mass stars and brown dwarfs, to study the characteristics
of their disks and to search for evidence of ongoing planet formation. We also
propose to use IRAC to observe an additional 43 newly-identified brown dwarfs in
Taurus and Chamaeleon, for future IRS spectroscopic followup. This
guaranteed-time observing program has a total of 50.1 hours, with 14 hours
provided by IRAC PI Giovanni Fazio, and 36.1 hours by IRS PI Jim Houck.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30706

An IRS survey of protoplanetary disk evolution in the Orion molecular-cloud
complexes

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Dan Watson, University of Rochester

Co-Investigators:

Bill Forrest, University of Rochester
Lee Hartmann, U. Michigan
Nuria Calvet, U. MIchigan
Keven Uchida, Cornell U

Elise Furlan, cornell U.

Greg Sloan, Cornell U

Paola d’Alessio, UNAM-Morelia
Luke Keller, Ithaca College
Joan Najita, NOAO

Christine Chen, NOAO

Ciska Markwick-Kemper, U. Virginia
Mike Jura, UCLA

Tom Megeath, CfA

Lori Allen, CfA

Judy Pipher, U. Rochester
Kevin Luhman, Penn State U
Giovanni Fazio, CfA

James Muzerolle, U. Arizona
Kevin Flaherty, U. Arizona
George Rieke, U. Arizona

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 100.5

Abstract:

We propose to obtain IRS complete (5-40 micron) low-resolution spectra of a
large sample of young stellar objects with protoplanetary disks in the Orion A
and B molecular cloud complexes. The aim is to study the influence of the wide
range of star—formation conditions in the Orion clouds on the structure,
composition and evolution of protoplanetary disks, and on the conditions and
occurrence of planet formation in these disks. This guaranteed-time observing
program has a total of 100.9 hours, with 20 hours provided by IRAC PI Giovanni
Fazio, 20 hours by MIPS PI George Rieke, and 60.9 hours by IRS PI Jim Houck.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40145

Early T Tauri Stars with the IRS

Principal Investigator: James Houck
Institution: Cornell University

Technical Contact: James Houck, Cornell University

Co-Investigators:

William Forrest, University of Rochester

Dan Watson, University of Rochester

Nuria Calvet, University of Michigan

Paola d’Alessio, UNAM

Lee Hartmann, University of Michigan

Jesus Hernandez, University of Michigan

Aigen Li, University of MIssouri

Elise Furlan, University of California at Los Angeles
Keven Uchida, Jet Propulsion Laboratory

Greg Sloan, Cornell University

Luke Keller, Ithaca College

Joan Najita, NOAO

Christine Chen, NOAO

Ciska Markwick-Kemper, University of Manchester
Mike Jura, University of California at Los Angeles
Tom Megeath, University of Toledo

Lori Allen, CfA

Judy Pipher, University of Rochester

Kevin Luhman, Penn State U.

Giovanni Fazio, CfA

James Muzerolle, University of Arizona

Kevin Flaherty, University of Arizona

George Rieke, University of Arizona

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 14.6

Abstract:

We propose to observe using the IRS a sample of 92 mostly F and G stars with
well-characterized stellar photospheres to bridge the gap between the later
spectral type T Tauris and the earlier type Herbig Ae/Be stars. Silicate dust
properties of disks around F and G stars should be intermediate between those of
classical T Tauris and Herbig Ae/Be systems. Because disk photospheric features
have been observed in K and M type T Tauri star spectra and because the stellar
photospheres of our sample of F and G type stars show no molecular absorption,
Early T Tauri Stars are crucial in exploring disk photospheres. Also, the lack
or presence of PAH features and their qualities should help give insight into
the origin and nature of PAH dust in disks around young stars. In addition,
spectra of these Early T Tauri stars can probe dust settling and disk structural
evolution in this population. Young F and G stars, being of similar spectral
type and mass to our Sun, might also shed light on the formation of our Solar
System.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40302

Disk structure and planet formation around young low-mass stars and brown dwarfs

Principal Investigator: James Houck
Institution: Cornell University

Technical Contact: Kevin Luman, Pennsylvania State University

Co-Investigators:

Kevin Luhman, Penn State U

Dan Watson, U. Rochester

Bill Forrest, University of Rochester
Lee Hartmann, U. Michigan

Nuria Calvet, U. MIchigan

Elise Furlan, UCLA

Greg Sloan, Cornell U

Paola d’Alessio, UNAM-Morelia

Luke Keller, Ithaca College

Joan Najita, NOAO

Christine Chen, NOAO

Ciska Markwick-Kemper, U. Virginia
Mike Jura, UCLA

Tom Roellig, NASA Ames

Mark Marley, NASA Ames

Amy Mainzer, JPL

Tom Megeath, CfA

Lori Allen, CfA

Giovanni Fazio, CfA

Science Category: young stellar objects
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 22.8

Abstract:

We propose to obtain IRS complete (5-40 micron) low-resolution spectra of young
stars and brown dwarfs to study the characteristics of their disks and to search
for evidence of ongoing planet formation. Several of these objects exhibit
evidence of inner disk holes in IRAC and MIPS measurements; the IRS data will be
used to confirm the presence of these holes, which may be cleared by
newly—-formed planets. We also propose to use IRAC and MIPS observations of
additional low-mass stars and brown dwarfs to identify new disks (particularly
transition disks) for future IRS followup. This guaranteed-time observing
program has a total of 23 hours.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40525

Protoplanetary disk evolution in the Orion, Serpens and Perseus clouds

Principal Investigator: James Houck
Institution: Cornell University

Technical Contact: Dan Watson, University of Rochester

Co-Investigators:

Dan Watson, University of Rochester
Bill Forrest, University of Rochester
Lee Hartmann, U. Michigan

Nuria Calvet, U. MIchigan

Elise Furlan, UCLA

Greg Sloan, Cornell U

Paola d’Alessio, UNAM-Morelia

Luke Keller, Ithaca College

Joan Najita, NOAO

Christine Chen, NOAO

Ciska Markwick—-Kemper, U. Manchester
Mike Jura, UCLA

Tom Megeath, U. Toledo

Lori Allen, CfA

Judy Pipher, U. Rochester

Kevin Luhman, Penn State U

Giovanni Fazio, CfA

James Muzerolle, U. Arizona

Kevin Flaherty, U. Arizona

George Rieke, U. Arizona

Edwin Bergin, U. Michigan

Gary Melnick, CfA

David Neufeld, Johns Hopkins U.
Robert Gutermuth, CfA

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 71.5

Abstract:

We propose to obtain complete IRS low-resolution spectra (5-40 micron) of a
large sample of young stellar objects with protoplanetary disks and envelopes in
molecular cloud complexes in Orion B (the NGC 2024 and 2068 clusters), the NGC
1333 cluster in Perseus, and the main young cluster in Serpens. The aim is to
study the influence of the wide range of well-characterized star—formation
conditions represented by these clouds on the structure, composition and
evolution of protoplanetary disks and protostellar envelopes, and on the
conditions and occurrence of planet formation in these disks. This
guaranteed-time observing program has a total of 88.4 hours, with 15 hours
provided by IRAC PI Giovanni Fazio, 15 hours by MIPS PI George Rieke, and 53.4
hours by IRS PI Jim Houck.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50633

Disk accretion shocks in protostars in Orion

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Dan Watson, University of Rochester

Co-Investigators:

David Neufeld, Johns Hopkins U.
Tom Megeath, U. Toledo

Lori Allen, CfA

Ted Bergin, U. Michigan

Nuria Calvet, U.Michigan

Bill Forrest, U. Rochester
Elise Furlan, UCLA/NAI

Lee Hartmann, U. Michigan
Sebastian Maret, U. Michigan
Gary Melnick, CfA

Joan Najita, NOAO

Manoj Puravankara, U. Rochester
Paule Sonnentrucker, Johns Hopkins U.
Volker Tolls, CfA

Dan Watson, U. Rochester

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 10.3

Abstract:

The discovery of water and OH line emission from the embedded disks of Class 0
protostars is one of the most spectacular recent results from Spitzer, and opens
one of the longest-sought regimes of star formation to detailed study:
protostellar envelope infall, arrival of water (and other molecules) in the
planet-forming regions of protoplanetary systems, and the process by which
protoplanetary accretion disks are formed. With Spitzer-IRS we have so far
detected emission in eight protostars (in IRS SL-LL observations) in addition to
the original example, NGC 1333 - IRAS 4B. These objects are likely to represent
the upper extreme of protostellar infall rate and disk water and OH line
luminosity. Here we propose deep high-resolution IRS followup high-resolution
spectroscopy on seven of these objects, to enable a particularly detailed study
of the physical and oxygen—-chemical state in paradigms of the very youngest
protoplanetary disks, exploiting even relatively weak features of OH, water, and
its rare isotopologues. This program will consume 10.3 hours of Spitzer—-IRS GTO
time, provided by IRS PI and co-investigator Jim Houck. In a complementary GO
proposal (Watson et al.) we would conduct a survey of a complete sample of Class
0 and Class I protostars similar to those proposed here(i.e. viewed face-on),
but covering the full range of properties of envelope-bearing protostars: it is
chosen to span the range of mass, luminosity and age of protostars with high
statistical significance, in star-forming clouds lying 140-420 pc from the Solar
system, with a 5-sigma disk-accretion-rate sensitivity of 2 — 8 E-6 solar masses
per year. Detection of water and OH emission from this sample will enable a
physical study of the evolution of infall, envelope-disk accretion, and the
physical state of protoplanetary disks, through the era of protostellar-envelope
settling and dissipation, that would be of fundamental importance in the study
of star formation.
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Spitzer Space Telescope — General Observer Proposal #50563

Clarifying Massive Protostellar Evolution and Circumstellar Processing

Principal Investigator: Remy Indebetouw
Institution: University of Virginia

Technical Contact: Remy Indebetouw, University of Virginia

Co-Investigators:

Crystal Brogan, NRAO

Serena Viti, UCL

Barbara Whitney, Space Science Institute
Marta Sewilo, StScI

Thomas Robitaille, St Andrews

Melvin Hoare, Leeds

Stuart Lumsden, Leeds

James Urquhart, Leeds

Science Category: young stellar objects
Observing Modes: IrsMap
Hours Approved: 11.8

Abstract:

Massive stars dominate the evolution of galaxies and even as protostars, their
feedback can affect their own formation and that of their host clusters. We
propose a systematic study of massive protostars through the stages of their
early evolution, to derive a clearer evolutionary sequence and a better link
between the state of the central source and physical conditions in circumstellar
material. This experiment will improve over existing work by careful source
selection to systematically span evolutionary parameter space, resulting in a
more uniform and comprehensive sample. Sophisticated radiative transfer,
ionization, and chemical modeling will be used to extract the full riches of
each IRS spectrum and find trends in how massive stars form and process their
natal material: We will be able to determine the temperature, density, and
chemical state (heating history) of circumstellar dust and ice in the accretion
disk and envelope, and at later evolutionary stages the ionizing and soft
(PAH-exciting) ultraviolet radiation emitted by the protostars and how that
radiation is quenched and shadowed by circumstellar material. This investigation
is the key to realizing the full potential of previous infrared imaging surveys
like MSX and Spitzer’s GLIMPSE and MIPSGAL to study massive star formation.
These surveys have provided a basis for us to select a large relatively unbiased
sample spanning evolutionary state. In return, revealing the spectroscopic
signature of massive YSOs will greatly clarify the modeling and interpretation
of the thousands of other protostars in these imaging survey data.

Spitzer Space Telescope — General Observer Proposal #20714

Probing environment and circumstellar disk evolution in triggered star forming
regions: IRAC and MIPS imaging of bright-rimmed globules CG4/SA101 and CG30/31

Principal Investigator: Jinyoung Serena Kim
Institution: University of Arizona

Technical Contact: Jinyoung Serena Kim, University of Arizona

Co-Investigators:
William Sherry, NOAO

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot
Hours Approved: 11.8

Abstract:

We propose to obtain IRAC and MIPS images of a newly discovered star forming
region, cometary cloud complex CG~4/SA101 (Kim et al. 2005c). We also propose to
acquire more complete IRAC and MIPS images of a cometary globule complex
CG~30/31, where we found young stars (Kim et al. 2005a,c), but existing program
by a Spitzer legacy team (c2d) did not observe. Both star forming complexes
reside in the Gum Nebula, where early O stars, Wolf-Rayet star, supernovae
remnants, and OB associations produce strong ionizing UV photons. These two star
forming regions are in a photoevaporating cometary shaped bright-rimmed clouds,
at few tens of parsecs away from the common center of main ionizing sources in
the Gum Nebula, placing them in a ’'intermediate’ UV radiation field between
Orion-like Strong radiation field regions and Taurus—like weak radiation field
regions. We propose to perform comparative and statistical studies probing
circumstellar disk characteristics and evolution in different star forming
environments together with existing data of well-known star forming regions.

The age range of the young stars in these regions (1-5 Myr old) is also of a
great interest, because this is a time when transition from optically thick
disks to optically thin debris disks occurs. Therefore, this proposed
observations will provide an important dataset to study lifetime of inner disks
and optically thick disk evolution in such environments. We probe yet another
common mode of star formation, forming in groups in triggered mode or influenced
by UV photons from nearby ionizing sources. Our dataset and study will
contribute to a better understanding of star formation and circumstellar disk
evolution linking well-known star forming regions in weak and strong radiation
field environments. We believe that this dataset will also benefit other star
formation and disk communities for various other studies in addition to existing
dataset of clusters and associations, obtained by GTO, legacy, and GOl.
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Spitzer Space Telescope — General Observer Proposal #20635

The earliest stages of massive star formation - Pre—-Protocluster Cores and
Protoclusters

Principal Investigator: Randolf Klein
Institution: Max-Planck-Institut fiir extraterrestrische Physik

Technical Contact: Randolf Klein, MPE

Co-Investigators:

Leslie Looney, University of Illinois, Urbana—-Champaign

Thomas Henning, Max-Planck-Institut fiir Astronomie

Jan Forbrich, Max-Planck-Institut fiir Radioastronomie

Hendrik Linz, Max-Planck-Institut fiir Astronomie

Bettina Posselt, Max-Planck-Institut fiir extraterrestrische Physik
Katharina Schreyer, Astrophysikalisches Institut und Universitdts-Ster
John Tobin, University of Illinois, Urbana-Champaign

Shiya Wang, University of Illinois, Urbana-Champaign

Science Category: young stellar objects
Observing Modes: MipsPhot MipsSed
Hours Approved: 4.9

Abstract:

The unique capabilities of the Spitzer Instrument MIPS are used to investigate
the mid to far infrared properties of candidates for the earliest stages of
massive star formation: pre-protocluster cores and protoclusters. These
candidates are selected from millimeter continuum surveys where the targets are
conspicuous compact cloud cores. The youth of the selected cores is underlined
by being non detected at NIR and MIR wavelengths so far. The proposed MIPS
observations (24 & 70 micron photometry and SED) will reveal the SED of these
pre-protocluster cores or protoclusters. The shape of the SED and the luminosity
allow to draw conclusions about the central object(s) embedded in the cores and
the temperature and density structure of the cores. 3D radiative transfer models
are available to help with the analysis. The analysis of the Spitzer data will
enable us to identify the protoclusters and pre-protocluster cores in our sample
and to derive the properties of these earliest stages of massive star formation.

Spitzer Space Telescope — General Observer Proposal #50044

The MIPSGAL Red Point Source Survey

Principal Investigator: Kathleen Kraemer
Institution: Air Force Research Laboratory

Technical Contact: Kathleen Kraemer, Air Force Research Laboratory

Co-Investigators:

Sachin Shenoy, Spitzer Science Center
Thomas Kuchar, Boston College

Donald Mizuno, Boston College

Sean Carey, Spitzer Science Center

Steve Price, Air Force Research Laboratory
James Ingalls, Spitzer Science Center

Remy Indebetouw, University of Virginia
Francine Marleau, Spitzer Science Center
Michael Werner, Jet Propulsion Laboratory

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 9.8

Abstract:

We propose to obtain IRS spectra for a set of very red point sources from the
MIPS survey of the inner Galactic plane. These objects are among the reddest
[8]1-[24] sources in the surveyed region. They are significantly redder than the
general population of young stellar objects but are typically too bright to be
background galaxies. On infrared color-color diagrams, they do not correspond to
any previously known population either in the Milky Way or the Magellanic
Clouds. The infrared spectra that only Spitzer’s IRS can provide for these very
red objects will enable us to decode their anomalous colors, characterize their
properties such as grain types and size distributions, temperatures, and
radiation fields, and, ultimately, determine their identity.
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Spitzer Space Telescope — General Observer Proposal #20119

The Darkest Cloud: An IRAC/MIPS survey of the Pipe Nebula

Principal Investigator: Charles Lada
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Charles Lada, Harvard-CfA

Co-Investigators:

Joao Alves, European Southern Observatory

Marco Lombardi, European Southern Observatory

August Muench, Harvard-Smithsonian Center for Astrophysics

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot MipsScan
Hours Approved: 106.5

Abstract:

We propose to use Spitzer to perform an IRAC/MIPS imaging survey of the Pipe
Nebula, the massive dark cloud complex which is nearest the Sun. Lacking the
most obvious signposts of star formation, such as HII regions, reflection
nebulae, etc., this cloud appears to be a prime and rare example of a massive
molecular cloud in a very early stage of evolutionary development. The primary
goal of this survey will be to obtain a complete census of protostellar and star
formation activity in this extremely young cloud. This data will be combined
with the results of a major observational program we have been conducting to map
and measure the structure of the entire cloud complex, including all its dense
cores, using deep near—infrared extinction observations obtained from the
ground. The synthesis of the extinction and Spitzer data will used to construct
a detailed empirical picture of the earliest stages of dense core and
protostellar evolution. As a secondary goal we also intend to use the proposed
Spitzer observations, in conjunction with the near-infrared observations, to
constrain the 1-8 micron extinction law in the cloud and to measure the
extinction in the most opaque (Av > 40 mag) dense cores, which cannot be
penetrated by ground-based observations alone.

Spitzer Space Telescope — General Observer Proposal #30033

The nature and evolutionary status of protostars in clustered environments

Principal Investigator: Charles Lada
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Charles Lada, Harvard-CfA

Co-Investigators:

August Muench, Smithsonian Astrophysical Observatory
Paula S. Teixeira, Smithsonian Astrophysical Observatory
Kevin Luhman, The Pennsylvania State University

Kenneth Wood, University of St Andrews

Erick Young, University of Arizona

Science Category: young stellar objects
Observing Modes: IrsMap
Hours Approved: 43.0

Abstract:

We propose to obtain Spitzer IRS spectra of a statistically significant sample
of ~50 protostellar sources that we have identified in previous GTO observations
of the NGC 2264 and IC 348 clusters. We intend to measure and characterize the
mid-infrared spectral features between 5-40 micron of these sources to develop a
more refined empirical classification and evolutionary sequence for high and low
mass protostellar objects than otherwise possible using broad-band infrared SEDs
alone. We intend to employ detailed radiative transfer models to fit the entire
SEDs, including the IRS observations, in order to derive constraints for the
basic physical properties of the protostars in our sample, including the
luminosities of the central sources and the masses, density structures, and
infall rates that characterize their envelopes. We intend to investigate how the
spectral properties of protostars depend on their mass and star forming
environment in order to develop a more complete picture of protostellar
evolution. The proposed Spitzer IRS observations will enable us to place the
comparison of the individual and collective protostellar characteristics on a
firm quantitative footing.
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Spitzer Space Telescope — General Observer Proposal #50532

Disentangling PDRs and outflows of embedded solar mass protostars

Principal Investigator: Fred Lahuis
Institution: Leiden Observatory, SRON Groningen

Technical Contact: Fred Lahuis, Leiden Observatory, SRON Groningen

Co-Investigators:

Geoffrey Blake, Division of GPS, Caltech

Jes Joergensen, Argelander Institut fur Astronomie
Ewine van Dishoeck, Leiden Observatory

Tim van Kempen, Leiden Observatory

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 10.7

Abstract:

Understanding the nature of deeply embedded solar mass protostars is one of the
interesting challenges in the study or low-mass star formation. Highly energetic
processes, such as strong irradiation and outflows, are likely directly related
to the ongoing accretion onto the central growing protostar. UV radiation is
known to play a role in the envelopes around more massive young stellar objects
(YSOs) and in the physics and chemistry of disks around more evolved pre-main
sequence stars. Because the UV radiation does not penetrate far through the
envelope, very little is known about the impact of UV radiation in these early
stages of low-mass YSOs and whether they have associated photon-dominated
regions (PDRs). Mid-infrared Spitzer observations of atomic fine-structure
lines, molecular hydrogen and water at both small and large spatial scales can
be used to place direct constraints on the processes associated with accretion,
PDR and shock excitation. We here propose to obtain deep IRS high resolution
observations of a sample of seven embedded protostars which show either extended
PDR type emission lines or water emission in existing lower S/N IRS spectra.
These observations will address whether the extended line emission is uniquely
related to PDRs and if so, whether the origin of the UV radiation producing the
PDR has its origin in the accretion from the central star - or whether it is
related to outflow driven shocks.

Spitzer Space Telescope — General Observer Proposal #3290

Chemical Evolution of Dust Grains in Prestellar Cores

Principal Investigator: William Langer
Institution: JPL

Technical Contact: William Langer, JPL

Co-Investigators:
Thangasamy Velusamy, JPL
Karen Willacy, JPL

Science Category: young stellar objects
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 19.5

Abstract:

The primary goal of this proposal is to trace the ice and gas evolution in
evolving prestellar cores and thereby understand their dust and chemical
evolution. In these cold (10K) cores we see evidence for severe depletion of gas
molecules in the highest density regions, in agreement with models that predict
a steady accumulation of grain mantles in dense cores. We propose to obtain
absorption spectral data of molecular ices in a few prestellar and protostellar
cores using 2MASS stars as background targets. We will compare the ice column
densities along representative lines of sight for which we have dust column
density measurements through the cores from the extinction data. For one source,
B68, there are a sufficient number of background stars to determine the radial
distribution of ice material. We will use these Spitzer Space Telescope
observations to validate and refine our protostellar chemical models, which in
turn will enable us to understand more about the pathways to the gas, gas—grain
processes that lead to the formation of simple molecules and complex biogenic
species in the interstellar medium. We seek twenty hours of Spitzer IRS time to
collect spectral data in six representative prestellar cores, at varying
evolutionary status, which are currently subjected to intense observing at all
wavelengths and theoretical modeling.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #116

Spectral Mapping of NGC 1333

Principal Investigator: Charles Lawrence
Institution: JPL

Technical Contact: Nick Gautier, JPL

Science Category: young stellar objects
Observing Modes: IrsMap
Hours Approved: 12.9

Abstract:

We will carry out a spectral mapping of the central 17x25 arcmin of NGC 1333, a
galactic molecular cloud rich in dense gas, very young stars, and outflows from
low mass stars. Our primary goal is to map the spatial distribution of H2
rotational emission at 17 and 28 microns associated with the outflows.
Additional goals are a study of the ice features associated with the embedded
YSOs, and the identification of extended dust emission features. The results
will be compared with existing millimeterwave CO maps and images of shocked gas
from optical and near-IR wavelengths.

Spitzer Space Telescope — General Observer Proposal #30516

Outflows, Cavities, and Evolution

Principal Investigator: Leslie Looney
Institution: Univ of Illinois at Urbana-Champaign

Technical Contact: Leslie Looney, Univ of Illinois at Urbana—-Champaign

Co-Investigators:
John Tobin, UIUC
Sandor Van Wassenhove, UIUC
Woojin Kwon, UIUC

Science Category: young stellar objects
Observing Modes: IracMap
Hours Approved: 8.9

Abstract:

Class 0 low-mass protostars are heavily embedded, very young sources; however,
the powerful molecular outflows associated with low-mass star formation carve
out a cavity in the circumstellar envelope. In the cavity, light from the
otherwise opaque newborn star is scattered off dust into the field of view;

this scattered light is detectable in the IRAC wavelengths but usually only with
very deep imaging. We propose to deeply image 11 known Class 0 protostars with
IRAC to reveal the scattered light from the outflow cavity. We will compare
these observations, along with archive data, to radiative transfer models to
constrain the physical parameters of the source and cavity, as well as determine
why some cavities are detected in shallow surveys while others require very deep
imaging. This proposal will peer into the depths of star formation and provide
an important dataset for the study of low-mass star formation in the infrared.
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Spitzer Space Telescope — General Observer Proposal #40650

An Evolutionary Survey of Massive YSOs

Principal Investigator: Leslie Looney
Institution: University of Illinois

Technical Contact: Leslie Looney, University of Illinois

Co-Investigators:

You-Hua Chu, University of Illinois

Robert Gruendl, University of Illinois

Bernhard Brandl, Sterrewacht Leiden

Rosie Chen, University of Illinois

Katherine Lee, University of Illinois

Geoff Blake, CalTech

Wolfgang Brandner, University of California, Los Angeles

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 96.0

Abstract:

Galactic massive star formation regions can be studied with high resolution, but
the large angular size, confusion along the line-of-sight, and heavy extinction
in the Galactic plane make it difficult to determine the relationship among
different stellar and gaseous components. However, new Spitzer Space Telescope
observations have revealed 244 high-mass YSO candidates in the Large Magellanic
Cloud (LMC) (Gruendl et al. 2007, in preparation). The selection of the sources
is crucial in optimizing the science to Spitzer observing time. This new sample
of massive protostars, coupled with the benefits of the LMC, such as known
distance (50 kpc), nearly face-on orientation, and low foreground extinction,
mitigates many observational difficulties. We propose to utilize our unique
database of massive protostar candidates in the LMC to probe the evolutionary
sequence of massive protostars with the IRS spectrometer. Our sample of 244 YSO
candidates sample different environments (e.g. in clusters or isolated;

embedded in molecular gas or not). In our large sample, we will compile an
evolutionary sequence of sources that will start with ices and silicates, move
toward less ices and more gas—phase absorption, then finally the gas—phase
absorption disappears as, effectively, an HII region is born. In addition, these
data are a singular probe of the organic chemistry occurring near massive stars
that will help develop a consistent picture of massive star formation.

Spitzer Space Telescope — General Observer Proposal #40844

Going Long: a 70 micron Survey of Nearby Young Stellar Objects

Principal Investigator: Caer—-Eve McCabe
Institution: Jet Propulsion Laboratory

Technical Contact: Caer—-Eve McCabe, Jet Propulsion Laboratory

Co-Investigators:

Karl Stapelfeldt, Jet Propulsion Laboratory
Deborah Padgett, Spitzer Science Center
Luisa Rebull, Spitzer Science Center
Francois Menard, Observatoire de Grenoble
Paul Harvey, University of Texas

Neal Evans, Jr., University of Texas

Bruno Merin, ESA

Science Category: young stellar objects
Observing Modes: MipsPhot
Hours Approved: 26.8

Abstract:

The Spitzer Space Telescope is making major contributions to our understanding
of the structure, composition, thermal state, and evolution, of circumstellar
disks around young stars through numerous observing projects. Among the most
important of these are large-scale mapping surveys of the nearest molecular
clouds, where Spitzer achieves its greatest sensitivity to low mass stars and
brown dwarfs, and where it provides its best linear resolution. At wavelengths <
24 microns, the c2d and Taurus Legacy projects have produced datasets that are
2-3 orders of magnitude more sensitive than IRAS or ground-based work. But at 70
microns, a key wavelength that probes disk structure near 10 AU and which is
sensitive to a large fraction of the disk luminosity, these surveys have
bettered IRAS sensitivity by only a factor of five. We propose to augment the
Spitzer Legacy datasets for Taurus and Lupus, two nearby clouds with low cirrus
emission, by performing dedicated MIPS 70 micron photometry observations of 113
young stars identified from the shorter wavelength data, and for which no 70
micron source was detected in the existing shallow survey data. These new
observations will provide a 5-10x improvement in sensitivity over the existing
Legacy data sets, significantly enhancing their value for a wide range of star
formation and disk science. The results will be delivered to the SSC Archive in
early 20009.
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Spitzer Space Telescope — General Observer Proposal #3178

Searching for Proto-clusters in a Quiescent GIant Molecular Cloud: A Survey for
Low Mass Stars and Protostars in Maddalena’s Cloud

Principal Investigator: Tom Megeath
Institution: Harvard Smithsonian Center for Astrophysics

Technical Contact: Tom Megeath, Harvard, CfA

Co-Investigators:
Matthew Ashby, Smithsonian Astrophysical Observatory
Thomas Wilson, European Southern Observatory

Science Category: young stellar objects
Observing Modes: IracMap MipsScan
Hours Approved: 9.5

Abstract:

We propose an IRAC and MIPS survey toward recently identified dense cores in
Maddalena’s cloud, a unique, quiescent giant molecular cloud. To date, no sites
of star formation have been identified in this 100,000 solar mass cloud;
however, our detection of massive (~ 500 solar mass) dense cores suggests that
the formation of entire clusters of stars is imminent. At a distance of 2 kpc,
it is possible that isolated, low mass pre-main sequence stars and protostars
remain undetected this cloud. IRAC and MIPS will be able to detect any T-Tauri
star down to the hydrogen burning limit, as well as one solar luminosity
protostars too faint to have been detected with MSX and IRAS. We will also
observe the cool dust in the dense cores using the MIPS 70 and 160 micron bands.
With these data, we can map the dust temperature and column density in the dense
cores with twice the angular resolution of our millimeter-wave maps. We will use
the dust map to study the density structure of the dense cores and compare the
density structure to active cluster forming cores. With this data, we will
determine whether low mass star formation has started toward the dense cores,
giving us a rare glimpse at what appears to be the first stages of cluster
formation.

Spitzer Space Telescope — General Observer Proposal #3656

Star Formation in Isolated Cores: A Solitary Existence?

Principal Investigator: Lee Mundy
Institution: University of Maryland

Technical Contact: Lee Mundy, University of Maryland

Co-Investigators:

Nicholas Chapman, University of Maryland

Lori Allen, Harvard-Smithsonian Center for Astrophysics
Paul Harvey, University of Texas

Leslie Looney, University of Illinois

Shih-Ping Lai, Univeristy of Maryland

Phil Myers, Smithsonian Astrophysical Observatory

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot
Hours Approved: 15.0

Abstract:

The standard theories of star formation address the formation of a single star
in isolation. Dark cloud cores are often cited as examples of isolated,
individual star formation. Because of the density of these cores, observations
to date have not had the sensitivity to really examine the core structure and
search for the youngest and lowest mass sub-stellar objects. We propose to
observe ten dark cores, five without associated stars and five with an
associated star in all four IRAC bands and MIPS 24 micron. In addition, we will
combine these observations with deep JHK ground-based imaging. We will observe
the youngest sub-stellar objects down to 10 Jupiter masses, map the column
density structure via extinction measurements, and image faint extended
emission, such as outflows that are indicative of cloud-star interaction. Our
overall goal is to test standard star formation theory by identifying the entire
stellar and sub-stellar content of the cores and the relation of these objects
to the gas and dust distribution.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #228

Following the Outburst of V1647 Ori

Principal Investigator: James Muzerolle
Institution: University of Arizona

Technical Contact: James Muzerolle, University of Arizona

Co-Investigators:

Tom Megeath, SAO

Nadya Gorlova, U. Arizona
Erick Young, U. Arizona
George Rieke, U. Arizona

Science Category: young stellar objects
Observing Modes: IracMap IrsStare MipsPhot MipsSed
Hours Approved: 0.5

Abstract:

We propose to obtain follow-up Spitzer observations of V1647 Ori, the
outbursting source lighting McNeil’s nebula. Our analysis of serendipitous GTO
IRAC and MIPS data of this object taken at the peak of the outburst has shown a
significant increase of roughly a factor of 15 over pre-outburst levels. We have
interpreted this event as an increase in the accretion luminosity of the source.
Simple models of an accretion disk plus tenuous envelope can qualitatively
explain the observed pre- and post-outburst spectral energy distributions. The
accretion activity implied by our results indicate that the outburst may be
intermediate between FUor and EXor-type events. Outbursts of either type have
never before been followed in the infrared throughout their course. Follow-up
observations taken before V1647 Ori fades to its original brightness are
critical to understanding the evolution of this phenomenon. Spitzer photometry
and spectra will reveal important clues about the structure of the envelope and
how it responds to the changing luminosity of the central source, elucidating
the role of outbursts in the evolution of young stellar objects.

Spitzer Space Telescope — General Observer Proposal #20155

Probing the embedded molecular jets from Class 0 protostars

Principal Investigator: Brunella Nisini
Institution: INAF-Osservatorio Astronomico di Roma

Technical Contact: Brunella Nisini, INAF-Osservatorio Astronomico di Roma

Co-Investigators:

Christopher J. Davis, Joint Astronomy Centre

Teresa Giannini, INAF-Osservatorio Astronomico di Roma

Michael D. Smith, Armagh Observatory

Alessio Caratti o Garatti, INAF-Osservatorio Astronomico di Roma
Dario Lorenzetti, INAF-Osservatorio Astronomico di Roma

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 6.7

Abstract:

Flows of matter from young and heavily embedded ‘‘Class 0'’ protostars are often
observed only at millimeter wavelengths in the form of collimated molecular
jets. An important open debate is whether such jets represent the cold external
layer of an embedded atomic jet, or whether the jet itself is intrinsically
composed of only molecular gas under low excitation conditions. The aim of this
proposal is to obtain insight into the composition and excitation of such jets
through IRS observations of mid-IR lines, which are unique tracers of the warm
embedded gas components. The immediate objectives will be: 1) to detect the
atomic/ionic component associated with Class 0 molecular jets; 2) to derive
detailed physical quantities (temperature, density, ionization fraction) to be
compared with models for acceleration and propagation of jets, models which have
so far only been tested on more evolved CTT stars; 3) to determine if such jets
have sufficient momentum and energy to sustain the swept up gas seen further out
in the form of near-IR bow shocks. To this aim, a sample of four well-known
Class 0 jets have been selected for which near-IR, millimeter and ISO
observations are already available. This will ensure a thorough comparison of
the different jet excitation components which should ultimately be explained in
a unified flow model.
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Spitzer Space Telescope — General Observer Proposal #3315

Emission from H2, PAHs, and Warm Dust in Proto-stellar Jets

Principal Investigator: Alberto Noriega-Crespo
Institution: Spitzer Science Center

Technical Contact: Alberto Noriega—-Crespo, Spitzer Science Center

Co-Investigators:

William Latter, Spitzer Science Center

Jochen Eisloffel, Tautenburg Observatory
Alejandro Raga, Instituto de Ciencias Nucleares
Karl Stapelfeldt, Jet Propulsion Laboratory
Francine Marleau, Spitzer Science Center
Patrick Morris, Spitzer Science Center

Sean Carey, Spitzer Science Center

Science Category: young stellar objects
Observing Modes: IracMap IrsStare MipsScan
Hours Approved: 18.0

Abstract:

Most of the observational work on the properties of young stellar outflows in
the mid-infrared has been done for relatively bright objects. The new images
obtained by Spitzer of the young stellar outflow HH 46/47, demonstrate what
higher sensitivity and spatial resolution can do with optically fainter objects
at longer wavelengths. We propose an IRAC/MIPS imaging and IRS spectral mapping
survey of 7 other well-studied Herbig-Haro flows. The targets are selected to
span a range of central star luminosities, ambient medium densities, and flow
characteristics. Our goal is to detect the full extent of their outflow cavities
in deep IRAC images, and their chemical make up using IRS spectra. The
mid-infrared morphology of the outflows will be compared to existing optical and
near—infrared images of jets and bowshocks, and to maps of high velocity
molecular gas. With geometry of the outflow cavities defined by the mid-infrared
images, we can gain the first clear understanding of where ambient cloud
material is being entrained by the collimated flow, and further constrain the
dynamical models of proto-stellar flows.

Spitzer Space Telescope — General Observer Proposal #3584

A Spitzer Imaging Survey of the Entire Taurus Molecular Cloud

Principal Investigator: Deborah Padgett
Institution: California Institute of Technology

Technical Contact: Deborah Padgett, California Institute of Technology

Co-Investigators:

Alberto Noreiga-Crespo, Spitzer Science Center
Lori Allen, SAO

Jocelyn Keene, Jet Propulsion Laboratory
Neal Evans, University of Texas

Phil Myers, CFA/Harvard

Sean Carey, Spitzer Science Center

Tim Brooke, Caltech

Sebastian Wolf, Max Planck Institute fur Astronomie
Luisa Rebull, Spitzer Science Center
Catherine Dougados, Observatoire de Grenoble
Steve Strom, NOAO

Paul Harvey, University of Texas

Marc Audard, Columbia University

Lynne Hillenbrand, Caltech

Carol Lonsdale, IPAC

Bill Latter, Spitzer Science Center

Jerome Bouvier, Observatoire de Grenoble
Nicolas Grosso, Observatoire de Grenoble
David Shupe, Spitzer Science Center

Steve Skinner, CASA

Karl Stapelfeldt, Jet Propulsion Laboratory
Dean Hines, Space Science Institute

Francois Menard, Observertoire de Grenoble
Manuel Guedel, University of Zurich

Science Category: young stellar objects
Observing Modes: IracMap MipsScan
Hours Approved: 134.4

Abstract:

The star—-forming clouds nearest to our Sun are located 140 pc away in Taurus.
Lacking young stellar clusters and luminous OB stars, Taurus hosts a distributed
mode of star formation that has proven particularly amenable to observational
and theoretical study. Yet despite its importance to the past two decades of
star formation research, only fragments of the Taurus clouds are currently
planned for mapping with the Spitzer Space Telescope. We propose to make a
comprehensive, unbiased map of the TMC using MIPS and IRAC, covering an area of
28 square degrees. Achieving sensitivities 20 times better than ISOCAM at 8
microns, and 200 times better than IRAS at 24 microns, these maps will reveal
the lowest luminosity members of the young stellar population: collapsing
protostars, young substellar objects, and edge-on disks. Due to the importance
of this dataset in establishing new objects for followup with Spitzer and HST,
we will waive our proprietary rights to the data and make the images and source
catalogs available to the community upon completion of the survey. This survey
will be a central and crucial part of a multiwavelength study of the Taurus
cloud complex that we are already conducting using XMM and CFHT. The 5 - 7
photometry data points we will obtain from Spitzer will allow us to characterize
the circumstellar environment of each object, and, in conjunction with NIR
photometry, construct a complete luminosity function for the cloud members that
will place constraints on the initial mass function.

Thursday March 25, 2010

gal_covers.txt

129/424



Printed_by_SSC

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 259/847

Mar 25, 10 16:33 Spitzer_Approved_Galactic Page 260/847

Spitzer Space Telescope — General Observer Proposal #50584

Pre—Main Sequence Stars in the Greater Taurus Ecosystem

Principal Investigator: Deborah Padgett
Institution: California Institute of Technology

Technical Contact: Deborah Padgett, California Institute of Technology

Co-Investigators:

Luisa Rebull, Spitzer Science Center

Jill Knapp, Princeton University

Cathy Slesnick, California Institute of Technology
Karl Stapelfeldt, Jet Propulsion Laboratory

Sean Carey, Spitzer Science Center

Alberto Noriega-Crespo, Spitzer Science Center

Lynne Hillenbrand, California Institute of Technology
Manuel Guedel, Paul Scherrer Institut

Caer McCabe, Jet Propulsion Laboratory

Marc Audard, University of Geneva

Susan Terebey, California State University at Los Angeles
Sylvain Guieu, Spitzer Science Center

Sebastian Wolf, MPIA Heidelberg

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot
Hours Approved: 17.4

Abstract:

Weak-line and post-T Tauri stars may represent an important evolutionary link in
the story of planet formation. However, most lists of nearby WITS are based on
X-ray brightness and strong lithium absorption lines, indicators of youth which
often cannot distinguish between pre-main sequence and Pleiades-age (100 Myr)
stars. New optical surveys of the Taurus star—-forming region have used the
gravity-sensitive sodium lines to identify young pre-main sequence stars. Most
of these objects lie outside the existing area of the Taurus Spitzer surveys.
For the subset within our maps, 1/3 have excess within the Spitzer bands,
validating this selection technique for young stars. We propose to obtain
pointed Spitzer IRAC and MIPS photometry of these stars, which appear to form
part of the "Greater Taurus Ecosystem": an extended halo of youthful stars
associated with, but outside, the star—-forming molecular clouds. Our goals are
to measure the frequency, fractional luminosity, and spatial distribution of
disks within this extended young stellar population, and to identify rare
transition disks among these post-T Tauri star candidates. The results will
build a more complete picture of the late stages of disk evolution around low
mass stars, and will be significant additions to the Spitzer science legacy for
the Taurus region.

Spitzer Space Telescope — Theoretical Research Proposal #40203

Simulating 3D disks with planets and central clearings

Principal Investigator: Alice Quillen
Institution: University of Rochester

Technical Contact: Alice Quillen, University of Rochester

Co-Investigators:

Richard Edgar, University of Rochester
Adam Frank, University of Rochester
Jaehong Park, University of Rochester
Peggy Varniere, Observatoire de Grenoble

Science Category: young stellar objects
Dollars Approved: 39510.0

Abstract:

3-dimensional hydrodynamic numerical experiments of disks harboring planets will
be carried out for the purpose of exploring the planet/disk interaction scenario
to account for the central clearings and disk walls in transition disks.
Transitional disks are young, 1-3 Myr old stars hosting disks with central
clearings. Dozens of these disks have been discovered with Spitzer observations
and strong constraints on the radial and vertical dust distribution of these
disks have been made from IRS spectra and radiative transfer modeling. However
because of the estimated edge wall thickness (h/r~1/5) relevant models relating
disk structure to dynamical models require computationally challenging 3D
simulations and so are lacking. We propose to address this problem by carrying
out 3D AMR hydro simulations to examine the 3D structure of simulated disk
edges, measure the flow field with azimuth and height, determine if and when
sufficiently high dust deficits with the clearing can be achieved, and explore
the role of dust segregation in the disk edge. Our study will definitively test
the planet/disk scenario accounting for the transitional disks. Should the
scenario succeed, we will place constraints on the planet masses residing in
transition disks and their disk properties.
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Spitzer Space Telescope — General Observer Proposal #40230

Spectroscopic Study of Massive YSO Candidates in the Galactic Center

Principal Investigator: Solange Ramirez
Institution: California Institute of Technology

Technical Contact: Solange Ramirez, California Institute of Technology

Co-Investigators:

Angela Cotera, SETI Institute

Howard Smith, Center for Astrophysics, Harvard University
Kris Sellgren, The Ohio State University

Susan Stolovy, Spitzer Science Center, Caltech

Richard Arendt, CRESST/UMBC/GSFC

Thomas Robitaille, University of St. Andrews, UK

Mathias Schultheis, Observatoire de Besancon, France

Science Category: young stellar objects
Observing Modes: IrsMap IrsStare
Hours Approved: 56.3

Abstract:

The coexistence between extreme environmental conditions (high density,
turbulence, magnetic field strengths, and tidal shear) and young massive stars
in the Galactic Center has led to one unsolved question: how do stars form in a
region which appears to be quite hostile to star birth? Within the central 200
pc, almost all stages of the stellar life cycle have been identified: molecular
clouds, HII regions (including compact HII regions), young massive stars,
supernova remnants, old red giant and AGB stars. An important class of objects
which has yet to be conclusively established and therefore has not been studied,
is massive young stellar objects (YSOs). One hundred and seven (107) massive YSO
candidates have been identified by Spitzer/IRAC observations in the central 2.0
by 1.4 degrees (280 x 210 pc) of our Galaxy. We propose to observe this sample
using the IRS to determine the evolutionary status of these objects. The
presence or absence of forbidden emission lines, ice features, and molecular
absorptions will determine if these objects are indeed massive YSOs or evolved
AGB stars (YSOs and AGB stars have similar IRAC colors). The IRS spectra will be
used to constrain the models of the YSOs,which will provide estimates of their
stellar masses. The main goal of the study is to determine the distribution of
YSOs in the Galactic Center, their correlation with known clusters, ionized gas,
molecular gas and photodissociation regions, and their mass distribution. These
results will characterize a stellar population that has been undetected before
in the central regions of our Galaxy and provide unique knowledge about the
early stages of star formation processes occurring in the Galactic Center.

Spitzer Space Telescope — General Observer Proposal #3137

Spectroscopy of Spitzer-discovered Protostars in the Elephant Trunk Nebula

Principal Investigator: William Reach
Institution: Caltech

Technical Contact: William Reach, Caltech

Co-Investigators:
Jeonghee Rho, Caltech
Sean Carey, Caltech
Patrick Morris, Caltech
Adwin Boogert, Caltech
David Ciardi, Caltech

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 9.1

Abstract:

We propose to obtain spectra of protostellar candidates discovered in the early
Spitzer observation of IC 1396N. No protostars were known or suspected in the
globule before the Spitzer observations, and the properties of such objects are
not known. The IRS observations were designed with sufficient signal-to-noise to
detect absorption features due to silicates and ices. The shape of the spectral
energy distribution and the depth of the silicate feature will be used to
determine the ratio of stellar core to envelope mass and determine the
evolutionary state of these new objects. This is a unique sample having a range
of suspected evolutionary states all located in the same globule.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50596

Dynamic YSOs: Exploring the time domain in disks and protostars

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: James Muzerolle, University of Arizona

Co-Investigators:

Lori Allen, Harvard-Smithsonian Center for Astrophysics
Zoltan Balog, Steward Observatory

Nuria Calvet, University of Michigan

Paola D’Alessio, Instituto de Astronomia UNAM
Catherine Espaillat, University of Michigan

Kevin Flaherty, Steward Observatory

Elise Furlan, UCLA/NAI

S. Thomas Megeath, University of Toledo

August Muench, Harvard-Smithsonian Center for Astrophysics
Peter Plavchan, IPAC

Dan Watson, University of Rochester

Science Category: young stellar objects
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 15.1

Abstract:

We propose to obtain multi-epoch IRAC mapping and IRS spectroscopy of a number
of variable young stellar objects (YSOs) in order to constrain the time
dependence of their mid-infrared emission. Preliminary Spitzer results indicate
a surprising degree of variability in the majority of YSOs surveyed to date.

The observed variations exhibit a wide range of timescales (hours to years) and
amplitudes (10-100%), and some show completely unexpected wavelength
dependences. The variable objects span a range of evolutionary states, from
embedded protostars with infalling envelopes to T Tauri stars with evolved
circumstellar disks. Some of the strongest variables appear to be associated
with disks whose structure may be highly modified by the presence of companions
and ongoing planet formation. With high-cadence IRAC imaging of a young cluster,
we will examine changes in the structure and accretion activity of the innermost
regions of disks around both protostars and accreting T Tauri stars.
High-cadence IRS spectroscopy of some of the most striking variable YSOs will
help to isolate and characterize the source(s) of the variability. These data
will provide an essential tool for understanding the dynamic processes involved
in protostellar collapse, accretion, and planet formation.

Spitzer Space Telescope — General Observer Proposal #40648

Inner disk activity in T Tauri stars

Principal Investigator: Sonali Shukla
Institution: Vanderbilt University

Technical Contact: Sonali Shukla, Vanderbilt University

Co-Investigators:
David Weintraub, Vanderbilt University
Patrick Lowrance, Spitzer Science Center

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 2.8

Abstract:

In order to increase our current knowledge of the evolutionary process of young
stellar objects, we propose to conduct a careful study that correlates Spitzer
observations with Chandra spectral data of young solar analogs. Although very
few young solar analogs are bright enough in X-rays for Chandra to obtain high
resolution spectra, we have identified a sample of nine stars already in the
Chandra archive, observed with the high resolution spectrometer on-board
Chandra. Our sample consists of both classical, weak-lined, and post-T Tauri
stars as well as a young main sequence star. Archival IRS spectra exist in the
Spitzer archives for five of these stars. We request time to observe the
remaining four stars with Spitzer IRS. These observations are crucial to the
sample since they include the post T Tauri and main sequence star that complete
the sample across a full range of evolutionary stages. This study will be the
first direct comparison of mid-infrared spectral features with high-resolution
X-ray spectral signatures of young stellar objects. As a complement to this
observing proposal, a Cycle 4 archival proposal has been submitted to analyze
the Spitzer IRS archival data. Using Spitzer IRS to study spectral features and
overall shape of the SED from 5 —-40 microns in conjunction with high resolution
spectroscopy from Chandra, we will correlate mid-infrared and X-ray features in
different classes of YSOs to determine an evolutionary sequence in terms of
accretion from inner and outer regions of a circumstellar disk. The evolution
and overall lifetimes of such circumstellar disks is crucial to understanding
the likelihood of planet formation around solar-type stars.
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Spitzer Space Telescope — General Observer Proposal #20452

Spitzer Survey of Triggered Star Formation in Carina: HH666 Extension

Principal Investigator: Nathan Smith
Institution: University of Colorado

Technical Contact: Nathan Smith, University of Colorado

Co-Investigators:
Ed Churchwell, University of Wisconsin

Science Category: young stellar objects
Observing Modes: IracMap
Hours Approved: 1.3

Abstract:

The Carina Nebula is arguably the best available laboratory for studying active
star formation threatened by feedback from extremely massive stars, including
several of the most luminous O-type stars known, WR stars, and Eta Carinae. It
is close enough that we can study the low-mass stellar population, we can detect
protoplanetary disks and jets, and we can spatially resolve individual stars,
star-forming cores, and ultracompact HII regions. Thus, we can identify the
dominant physical processes at work to gain insight to the detailed processes
occurring in extragalactic starbursts. The main long-term goal is to determine
if detailed models derived from study of Orion and Taurus can be applied in more
extreme regions like Carina, or in what ways they need to be modified. During
our Cycle 1 IRAC survey of the Carina Nebula, one of our primary targets was not
observed due to position angle constraints in a large mosaic. The present
proposal asks for a small amount of additional time (1.3 hr) to include this
target in the survey and properly complete the Cycle 1 program. Thus, the text
for much of this proposal is similar to the Cycle 1 proposal. This region is a
vivid example of second generation (possibly triggered) star formation,
containing compact IR sources, a parsec scale Herbig-Haro jet, and a giant dust
pillar that points toward Eta Carinae.

Spitzer Space Telescope — General Observer Proposal #50354

The GGD30 YSO

Principal Investigator: Robert Smith
Institution: Australian Defence Force Academy, New South Wales

Technical Contact: Robert Smith, Australian Defence Force Academy, NSW

Co-Investigators:
Christopher Wright, Australian Defence Force Academy, New South Wales

Science Category: young stellar objects
Observing Modes: IrsStare
Hours Approved: 1.4

Abstract:

Our previous observations suggest that an infrared source within the GGD30
nebula is an example of an object in the earliest stages of the star formation
process. Optical spectoscopy has revealed a Herbig-Haro Object associated with
this source and radio interferometry has revealed an extended 3 mm continuum
source at the same position as the infrared source. In addition, a Spitzer IRAC
8 micron image from the GLIMPSE Legacy program shows what appears to be the
protostellar envelope of this source. We are requesting Spitzer IRS time to
obtain a spectrum of this source and its envelope from 5 to 38 microns with a
combination of the high and low resolution modules. Our immediate goals are to
study the broad solid state dust features and to look for shock excited emission
linesclose to the source. In the longer term we plan radiative transfer modeling
to try and determine whether there is a disk close to the source and, provided
we can obtain sufficient millimeter observations of the molecular content of the
envelope, chemical modelling should the age of the envelope to be constrained.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #470

Variability of protostars in IC 1396

Principal Investigator: Tom Soifer
Institution: SSC

Technical Contact: John Stauffer, SSC

Science Category: young stellar objects
Observing Modes: IracMap
Hours Approved: 15.0

Abstract:

Temporal variations in the mid-infrared emission from class 0-III protostars can
provide information on t he rate of mass transfer from the envelope to accretion
disk. Variations in the mass transfer rate can have profound implications on the
lifetime of a particular protostellar phase. Variability can also determine
rotational coupling between protostar and disk. There have been few attempts to
detect mid-infrared variability in young stellar objects. We propose monitoring
of 16 young stellar objects in IC 1396 over a period of 14 days to measure if
any variability is present. Variability on timescales of days, hours and minutes
will be measured. These observations will be compared with archival observations
of IC 1396 to look for fluctuations over longer time periods.

Spitzer Space Telescope — Directors Discretionary Time Proposal #235

Young Stars in IC 2118

Principal Investigator: Tim Spuck
Institution: Oil City Area Sr. High School

Technical Contact: Luisa Rebull, SSC

Co-Investigators:

Babs Sepulveda, Lincoln High School

Tony Maranto, Phillips Exeter Academy
Cynthia Weehler, Luther Burbank High School
Theresa Roelofsen, Bassick High School
Doris Daou, Spitzer Science Center

Luisa Rebull, Spitzer Science Center

Science Category: young stellar objects
Observing Modes: IracMap MipsScan
Hours Approved: 1.0

Abstract:

IC 2118, the Witch Head Nebula (~210 parsecs), is region forming stars located
near the supergiant star Rigel in the constellation Orion. Kun et al. (2004,
A&A, 418, 89) have determined that IC 2118 is on the near side of the
Orion-Eridanus Super Bubble and that stellar winds from the Orion OBl
association may be triggering new star formation in the nebula. We propose using
IRAC and MIPS to reexamine a small dense region of this nebula where Kun et al.
have spectroscopically identified three 2MASS sources as T Tauri stars embedded
in the cloud. Previous all-sky surveys, including both IRAS and 2MASS, have
included this region, but not to the resolution that Spitzer can provide, and
there are few studies of this particular region in the literature. Our team
proposes to use IRAC and MIPS observations to (1) investigate star formation,
(2) look for likely cluster member stars with infrared excesses, and
characterize this young star population by obtaining their colors and therefore
estimates of masses and ages, (3) study the distribution of stars, their
relationship to the ISM, and the possibilities of triggered star formation, (4)
compare the young star population, distribution, and age to other similar sites
of star formation, e.g., IC 1396 and (5) produce a dramatic image of the
interstellar medium in the region surrounding IC 2118. Since this region is in
the Orion constellation near the bright star Rigel, it provides additional
appeal to students and the general public.
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Spitzer Space Telescope — General Observer Proposal #30765

Infrared Properties of Edge-on Young Stellar Object Disks

Principal Investigator: Karl Stapelfeldt
Institution: Jet Propulsion Laboratory

Technical Contact: Karl Stapelfeldt, Jet Propulsion Laboratory

Co-Investigators:

Caer-Eve McCabe, Jet Propulsion Laboratory

Klaus Pontoppidan, California Institute of Technology
Francois Menard, Observatoire de Grenoble

Deborah Padgett, Spitzer Science Center, Caltech

Science Category: young stellar objects
Observing Modes: IracMap IrsMap IrsStare MipsPhot
Hours Approved: 11.5

Abstract:

Young, edge-on circumstellar disks are uniquely valuable laboratories for the
study of planet formation. In these objects, the central star is occulted from
direct view, significant stellar PSF artifacts are absent, and the disk is
clearly seen as a central dust lane flanked by faint bands of reflected light.
The detailed morphology of these nebulae and its variation with wavelength
provides crucial information not availble for other young star disks. The disk
inclination, density structure, and dust grain properties can be quantitatively
constrained by fitting Monte Carlo scattered light models to high resolution
images. While edge-on disks are among the best-understood disks in 2-D images,
their spectral energy distributions are still poorly characterized and modeled.
Very high extinctions and small projected emission regions render the typical
edge-on disk extremely faint in the mid- and far- infrared. Infrared
measurements are crucial for understanding the inner disk properties, for
defining the wavelength where the SED transitions from scattered light to
thermal emission, and for diagnosing the presence of large dust grains. We are
currently carrying out a multiwavelength Hubble Space Telescope Cycle 14 imaging
program studying 15 edge-on disks. A review of the Spitzer ROC shows that
adequate MIPS and IRAC measurements already exist for the majority of the
targets, but most of them have yet to be observed with IRS. We propose 11.5
hours of Spitzer observations to complete the infrared dataset for the known
edge-on disks, primariliy IRS low-resolution spectroscopy, but also cleaning up
the MIPS and IRAC results in a few cases. In combination with existing data, the
results will provide a complete database of infrared SEDs and high spatial
resolution optical/near-IR images for known edge-on disks. The resulting dataset
will be a unique resource for modeling work on disk structure and dust grain
evolution.

Spitzer Space Telescope — Directors Discretionary Time Proposal #497

Time Series Photometry of the Youngest Stars — MIPS24 Photometry for IC1396A

Principal Investigator: John Stauffer
Institution: Spitzer Science Center

Technical Contact: Luisa Rebull, SSC

Co-Investigators:

Michael Werner, JPL

Lynne Hillenbrand, Caltech
Sean Carey, SSC

Luisa Rebull, SSC

Lee Hartmann, U. Michigan
Maria Morales, LAEFF

Science Category: young stellar objects
Observing Modes: IracMap MipsPhot
Hours Approved: 3.6

Abstract:

We have recently obtained IRAC time-series photometry of the embedded, very
young cluster of young stellar objects (YSOs) in the Elephant’s Trunk Nebula
(a.k.a. IC1396A). About 20% of the YSOs, including about half of the Class I
stars, showed relatively large amplitude (> 0.1 mag) variability with
characteristic timescales of 4 to 15 days, and with very little difference in
light curve shape and amplitude between 3.6 and 8 microns. The most plausible
physical model for these variations is that we are seeing these stars
primarilyin scattered light all the way out to 8 microns, and that the sources
of the variability are hot spots (from accretion flows) on the surfaces of these
stars. In order to place further constraints on models for these stars, we
propose to obtain MIPS24 photometric observations of the 5'x5’' "head" of the
IC1396A star—forming globule at sixteen epochs, about twice per day, during a
single MIPS campaign. We will also obtain a small amount of new IRAC time-series
photometry in an adjacent campaign in order to place the MIPS photometry in
better context with the existing IRAC light curves obtained in February 2008.
The entire set of observations requires 3.6 hours of observing time.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #224

Spitzer Space Telescope Observations of an Accretion Outburst of a New EXOR

Principal Investigator: Guy Stringfellow
Institution: University of Colorado

Technical Contact: Guy Stringfellow, University of Colorado

Science Category: young stellar objects
Observing Modes: IracMap IrsStare
Hours Approved: 3.2

Abstract:

EXORs, named after the prototype EX Lup, are a very small subclass of classical
T Tauri stars (CTTSs) which experience rather major optical outbursts.

Outbursts of the EXORs result from an enhanced accretion rate from their
circumstellar disk, and are intermediate between the long lived and more
energetic FU Ori type outbursts (FUORs) and the more modest accretion
variability of the CTTSs. The accretional energy liberated results in a
brightening of 3--5 magnitudes in the optical alone. Outbursts play a major role
in modifying the circumstellar environment, and initiate the formation of winds,
jets, and HH objects, and contributes to dispersal of the disk. EXOR and FUOR
outbursts frequently occur over disk-accretion lifetimes in YSOs, though rarely
observed; we have observing programs to rectify this. The large physical changes
in the circumstellar environment during such outbursts likely influence the
formation and evolution of giant planets and brown dwarfs. On 9 Feb 2004 a
previously unknown EXOR was announced (IAUC 8284). Archival images indicate that
this new EXOR (IRAS 05436-0007) had undergone repeated outbursts over the last
few decades, and its current outburst has been ongoing for ~3 months. IRAS
05436-0007 differs from most EXORs as it is embedded in a dark cloud (though now
visible) and illuminates a (variable) nebula. There are only ~12 previously
confirmed members of the EXOR class, and discovery of new events, particularly
one th