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Spitzer Space Telescope — General Observer Proposal #3126

A Complete IRAC Map of M31

Principal Investigator: Pauline Barmby
Institution: SAO

Technical Contact: Steven Willner, Center for Astrophysics

Co-Investigators:

Steven Willner, SAO

Michael Pahre, SAO

Matthew Ashby, SAO

John Huchra, SAO

Robert Gehrz, University of Minnesota
Elisha Polomski, University of Minnesota
Charles Woodward, University of Minnesota
Roberta Humphreys, University of Minnesota
Karl Gordon, University of Arizona

Joannah Hinz, University of Arizona
Charles Engelbracht, University of Arizona
Pablo Perez-Gonzalez, University of Arizona
George Rieke, University of Arizona
Lucianna Bianchi, Johns Hopkins University
David Thilker, Johns Hopkins University

Science Category: local group galaxies
Observing Modes: IracMap
Hours Approved: 35.5

Abstract:

We propose a complete IRAC map of M31, the Andromeda Galaxy. The mid-infrared
window opened by Spitzer will provide a new view of the stellar populations and
dust content of this nearest large galaxy and Milky Way analog. The spatial
distribution of the aromatic infrared band (AIB) emission will be compared to
the UV flux distribution as revealed by GALEX, contributing to the solution of
several puzzles raised by ISO observations. The AIB emission will also be
compared to other indicators of star formation, such as Halpha, far-IR, and
radio emission, at the highest spatial resolution possible for a large external
galaxy. Populations of unusual objects such as extremely luminous stars,
supernova remnants, and planetary nebulae, have already been well-studied in
M31; IRAC observations will serve to characterize these populations in the
mid-IR and complete their spectral energy distributions. This program
complements existing GTO and Legacy observations, and will provide a rich target
list for follow-up observations.

Spitzer Space Telescope — General Observer Proposal #50134

The Local Group Dwarf Spheroidals

Principal Investigator: Pauline Barmby
Institution: SAO

Technical Contact: Pauline Barmby, SAO

Co-Investigators:
Joseph Hora, SAO
Karl Gordon, STScI
Tom Jarrett, SSC
Matthew Ashby, SAO

Science Category: local group galaxies
Observing Modes: IracMap MipsPhot MipsScan
Hours Approved: 30.0

Abstract:

We propose to complete the Spitzer survey of the Local Group. The galaxies not
yet observed include most of the dwarf spheroidals, a galaxy type which,
although numerous, has not been heavily studied by Spitzer so far. Imaging
observations with IRAC and MIPS will yield a complete census of asymptotic giant
branch stars, probing mass loss in galaxies with a range of metallicities,
masses, and environments. Long-wavelength MIPS observations will detect any
insterstellar dust or constrain the gas—to-dust ratio. Completing the Spitzer
observations of Local Group galaxies forms an important part of the Spitzer
Legacy for future missions.
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Spitzer Space Telescope — General Observer Proposal #30491

A Complete Picture of the Dust in the Small Magellanic Cloud: Following up
Spitzer Imaging with Spectroscopic Observations

Principal Investigator: Alberto Bolatto
Institution: University of California at Berkeley

Technical Contact: Alberto Bolatto, University of California at Berkeley

Co-Investigators:

Snezana Stanimirovic, U.C. Berkeley

Karin Sandstrom, U.C. Berkeley

Joshua Simon, Caltech

J.D. Smith, U. of Arizona

James Ingalls, IPAC

Bruce Draine, Princeton University

Aigen Li, University of Missouri-Columbia
Frank Israel, University of Leiden

Francois Boulanger, Institute d’Astrophysique Spatiale
James Jackson, Boston University

Jacco van Loon, Keele University

Monica Rubio, Universidad Nacional de Chile
Adam Leroy, U.C. Berkeley

Ronak Shah, Boston University

Caroline Bot, IPAC

Science Category: local group galaxies
Observing Modes: IrsMap IrsStare
Hours Approved: 105.6

Abstract:

We request Spitzer Space Telescope time to obtain wide-field spectroscopic maps
of several regions in the Small Magellanic Cloud. This survey is complementary
to the imaging information obtained by the Spitzer survey of the SMC (S3MC), and
it is designed to sample a variety of environments. We will use these data to
unravel the life-cycle, distribution, abundance, and composition of PAHs and
dust throughout the SMC, linking spectral variations to the measured IRAC/MIPS
SEDs. IRS spectroscopy will allow us to relate variations in PAH and dust
chemistry and excitation (such as size, structure, hydrogenation, and ionization
state) to the physical conditions and astrophysical processes present in the
mapped regions. This study will provide strong constraints on theoretical dust
models, in addition to producing information on the abundance, life cycle, and
evolution of PAHs and VSGs. Ultimately, this research will help constrain the
properties of the ISM in primordial galaxies at high redshifts.This project
takes advantage of the uniquely new ability of Spitzer, which is capable of
obtaining sensitive spectral maps covering large areas with a modest investment
of time.

Spitzer Space Telescope — General Observer Proposal #3316

The Small Magellanic Cloud: A Template for the Primitive Interstellar Medium

Principal Investigator: Alberto Bolatto
Institution: University of California at Berkeley

Technical Contact: Alberto Bolatto, University of California at Berkeley

Co-Investigators:

Snezana Stanimirovic, University of California at Berkeley
Frank Israel, Leiden Observatory

James Jackson, Boston University

Adam Leroy, University of California at Berkeley

Aigen Li, University of Arizona

Ronak Shah, Boston University

Joshua Simon, University of California at Berkeley

Lister Staveley-Smith, Australia Telescope/CSIRO

Science Category: local group galaxies
Observing Modes: IracMap MipsScan
Hours Approved: 48.8

Abstract:

The Small Magellanic Cloud constitutes an excellent laboratory to study the
properties of the dust in a low metallicity environment. We propose to obtain
images of the entire SMC in all IRAC and MIPS wavebands, a feat only possible
because of Spitzer’s unparalleled sensitivity. With these observations we will
quantify the distribution and properties of very small grains and PAHs
throughout the SMC in relation to their environment. These data will allow us to
constrain theoretical dust models, and provide information on the abundance,
distribution, ionization state, composition, and evolution of PAHs and VSGs.
MIPS observations will probe the distribution of small and large dust grains,
and in combination with ground-based observations, will be used to provide an
independent estimate of the amount of molecular gas in the SMC. Ultimately, this
research will help constrain the properties of the ISM in primordial galaxies at
high redshifts. The SMC images will be publicly released within 6 months of the
last observations, for the benefit of the entire astronomical community and to
allow other groups to perform follow-up observations.
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Spitzer Space Telescope — General Observer Proposal #3680

Ejecta and Interstellar Dust in Magellanic Clouds Supernova Remnants

Principal Investigator: Kazimierz Borkowski
Institution: North Carolina State University

Technical Contact: Kazimierz Borkowski, North Carolina State University

Co-Investigators:

William Blair, Johns Hopkins University

Parviz Ghavamian, Johns Hopkins University

Sean Hendrick, North Carolina State University

Knox Long, Space Science Telescope Institute

John Raymond, Harvard University

Stephen Reynolds, North Carolina State University
Ravi Sankrit, Johns Hopkins University

Chris Smith, National Optical Astronomy Observatory
Frank Winkler, Middlebury College

Science Category: local group galaxies
Observing Modes: IracMap MipsPhot
Hours Approved: 21.4

Abstract:

Stellar explosions govern the interstellar dust lifecycle. In the early
Universe, supernovae (SN) injected the first heavy elements into the
interstellar medium (ISM). A significant fraction of ejecta was dust. Dust is
destroyed today in supernova remnant’s (SNR) blast waves. Our current
understanding of both formation of dust in SNe and destruction of dust in blast
waves is poorly understood. We propose to observe a complete sample of SNRs in
Magellanic Clouds (MCs) with the Spitzer Space Telescope (SST) in order to
dramatically advance our knowledge of these processes. Heavy-element ejecta have
been detected in more than one third of all SNRs in MCs, mostly in X-rays. Dust
within these ejecta is collisionally heated by electrons and ions, and
reradiates the absorbed energy in the far—-IR. We propose deep MIPS and IRAC
imaging of all MC SNRs with heavy-element ejecta in order to detect and study
ejecta dust. We will determine dust temperature, dust mass, and its spatial
distribution within ejecta. We will also detect dust in the ISM swept by SNR
blast waves. This dust is destroyed by sputtering in hot X-ray emitting plasmas.
We will learn about dust destruction by measuring the dust/gas mass ratio behind
blast waves through a combined IR-X-ray analysis. Sputtering preferentially
destroys small dust grains, modifying the grain size distribution. This strongly
affects thermal dust emission in the IRAC bands which is produced by small
grains. We will learn about the destruction of small grains by observing spatial
variations of IRAC band ratios behind blast waves. An unbiased survey of all
SNRs in MCs is necessary for understanding of dust destruction. We propose 24
micron MIPS imaging of all MC SNRs, and 70 micron MIPS imaging of X-ray bright
SNRs. The proposed MIPS and IRAC imaging of MC SNRs will provide us with unique
information about ejecta dust in a large sample of SNRs and about destruction of
the ISM dust.

Spitzer Space Telescope — Archive Research Proposal #40568

Star Clusters in M31l: Stellar Populations and Mass Loss

Principal Investigator: Jean Brodie
Institution: University of California, Santa Cruz

Technical Contact: Jean Brodie, University of California, Santa Cruz

Co-Investigators:
Jay Strader, University of California, Santa Cruz
Jacco van Loon, Keele University

Science Category: local group galaxies
Dollars Approved: 48294.0

Abstract:

We propose an imaging study of massive star clusters in M31 using archival
Spitzer imaging with IRAC and MIPS. We have two distinct goals: (1) Estimate
cluster ages, metallicities, and reddenings through panchromatic FUV to mid-IR
imaging, and (2) Assess the production rate and lifetime of dust in the
intracluster medium (ICM) as a function of cluster properties. Our results will
give important constraints on the star formation history of M31 and on mass loss
in stellar clusters.
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Spitzer Space Telescope — General Observer Proposal #20610

Molecular Gas In The Nearby Extremely Metal-Poor Dwarf Galaxy Leo A

Principal Investigator: John Cannon
Institution: Max Planck Institute for Astronomy

Technical Contact: John Cannon, Max Planck Institute for Astronomy

Co-Investigators:
Fabian Walter, Max Planck Institute for Astronomy
Evan Skillman, University of Minnesota

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 6.6

Abstract:

Knowledge of the nature of molecular gas at sub-solar metallicities is essential
for understanding the process of star formation both in the local and the
high-redshift universe. CO is usually used to trace the molecular phase, but
there have been no extragalactic detections of CO in environments more metal
poor than the SMC. With detailed studies of nearby metal-deficient systems, we
can discern trends between molecular gas properties and ambient metallicity that
may be generalized to more distant systems. In this project we propose IRS
spectral mapping observations of carefully-selected star formation regions in
the nearby extremely metal-poor (less than 5% solar abundance) dwarf galaxy Leo
A, concentrating on the S(0) H2 pure rotational line at 28 microns. The
unprecedented sensitivity of Spitzer will allow variations in molecular gas
content to be studied as a function of HI column density, stellar population, HI
line width, H Alpha luminosity, and dust content. These data will directly probe
the molecular phase, overcoming the limitations of tracer species that may be
environmentally-dependent. These observations are designed to provide the first
detections of molecular gas in extremely metal-poor environments, thus giving
new insights into the low-metallicity ISM. These observations will allow a
concise investigation of the H2 content of low-metallicity galaxies in a modest
number of telescope hours, and the results will be applicable to a wide range of
models of star formation at low metallicities.

Spitzer Space Telescope — Archive Research Proposal #30836

Star Formation in the Large Magellanic Cloud

Principal Investigator: You-Hua Chu
Institution: University of Illinois at Urbana-Champaign

Technical Contact: You-Hua Chu, University of Illinois at Urbana-Champaign

Co-Investigators:

Robert Gruendl, University of Illinois
Leslie Looney, University of Illinois
Rosie Chen, University of Illinois

Rosa Williams, University of Illinois
Mordecai Mac Low, American Museum of Natural History
Lee Hartmann, University of Michigan
Nuria Calvet, University of Michigan
Wolfgang Brandner, Max Planck Institute
Chris Smith, CTIO

Sean Points, CTIO

John Dickel, University of New Mexico

Science Category: local group galaxies
Dollars Approved: 100000.0

Abstract:

Star formation is fundamental to the evolution of galaxies. It can be simply
described on global scales, but shows remarkable variation on local scales.
Theoretical models describe numerous paths to star formation, from global
gravitational instability to local formation dynamically triggered by cloudlet
compression in superbubbles, compression by H II region expansion, and gas
accumulation in the borders of supergiant shells. For a better understanding of
star formation, one must empirically relate the initial level of gravitational
instability, and any triggering mechanisms, to the final result. The Large
Magellanic Cloud (LMC) is the optimal site for such a study, as it is close
enough to resolve protostars, yet not subject to the line-of-sight confusion of
the Galaxy. Our Cycle 1 IRAC/MIPS observations of seven LMC HII complexes
revealed a wide range of triggered star formation phenomena. The Spitzer survey
of the LMC (SAGE), carried out in Cycle 2, reveals massive protostars throughout
the entire LMC galaxy, allowing studies of global star formation. We propose to
use the archival data from the Spitzer survey, and multi- wavelength surveys of
stars and ISM in the LMC, to study star formation. We will examine both the
interstellar conditions that lead to star formation, and the mass functions and
clustering properties of protostars that are formed. For the former we will
evaluate the gravitational potential from the stellar and gas surface densities;
search for expanding shells that may be triggers; and examine the physical
conditions in star formation sites. For the latter we will create a census of
protostar candidates and their spatial distribution. Combined, these will allow
us to determine the causes of star formation and how these affect the mass
function and clustering properties of the stars formed.
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Spitzer Space Telescope — General Observer Proposal #3565

Massive Star Forming Regions in the Large Magellanic Cloud

Principal Investigator: You-Hua Chu
Institution: University of Illinois at Urbana-Champaign

Technical Contact: Robert Gruendl, UIUC

Co-Investigators:

Robert Gruendl, University of Illinois at Urbana-Champaign
Leslie Looney, University of Illinois at Urbana-Champaign
John Dickel, University of Illinois at Urbana—-Champaign
Rosa Williams, University of Illinois at Urbana—Champaign
Geoff Clayton, Louisiana State University

Karl Gordon, University of Arizona

Sean Points, Cerro Tololo Inter—-American Observatory

R. Chris Smith, Cerro Tololo Inter-American Observatory
C.-H. Rosie Chen, University of Illinois at Urbana-Champaign
Bryan Dunne, University of Illinois at Urbana-Champaign

Science Category: local group galaxies
Observing Modes: IracMap MipsScan
Hours Approved: 21.5

Abstract:

Massive stars inject energy into the ISM through UV radiation, fast stellar
winds, and supernova blasts. This stellar energy feedback ionizes the ambient
gas, sweeps it into shell structures, and fills the shell interior with hot,
shock-heated gas. The interplay between massive star formation and stellar
energy feedback plays an important role in the structure and evolution of the
ISM in a galaxy. The Large Magellanic Cloud (LMC) provides an ideal site to
study the stellar energy feedback process in star forming regions because
individual massive stars can be resolved, classified, and inventoried and the
associated interstellar structures can be studied both globally and in detail.
We have been using the large sample of star forming regions in the LMC to carry
out a multi-wavelength investigation of the structure of the ISM and the effects
of stellar energy feedback. We find that the stellar energy input in
superbubbles far exceeds the observed thermal and kinetic energies of the
associated interstellar gas. We request IRAC and MIPS observations of a large
sample of HII regions in the LMC in order to assess the stellar energy feedback
at the earliest evolutionary stage and the role played by dust in the energy
budget. These regions are selected to cover a wide range of evolutionary stages,
structural complexity, and X-ray surface brightness. Specifically, we will (1)
search for massive young stars and proto-stars, (2) examine how star formation
proceeds spatially and temporally, (3) study the stellar energy feedback at the
earliest evolutionary stages, (4) determine the distribution and temperature of
dust in varied stellar UV radiation and interstellar X-ray radiation fields, and
(5) assess the importance of dust on the thermal evolution of the ISM.

Spitzer Space Telescope — General Observer Proposal #3649

The Optical/Infrared Dust Properties of Early-Type Galaxies

Principal Investigator: Patrick Cote
Institution: Rutgers, the State University of New Jersey

Technical Contact: Patrick Cote, Rutgers

Co-Investigators:

Laura Ferrarese, Rutgers, the State University of New Jersey
Andres Jordan, Rutgers, the State University of New Jersey
Eric Peng, Rutgers, the State University of New Jersey

John Blakeslee, Johns Hopkins University

Michael West, University of Hawaii, Hilo

Mei Simona, Institut d’Astrophysique Spatiale

Science Category: local group galaxies
Observing Modes: IracMap MipsPhot
Hours Approved: 24.5

Abstract:

We propose to obtain IRAC and MIPS images for 15 early-type galaxies in the
Virgo Cluster. Combining the data with existing Spitzer GTO/Legacy observations
for seven additional galaxies will give a magnitude-limited sample of 21
early-type galaxies in Virgo. All 21 galaxies are part of our deep,
high-resolution (0.1 arcsec), multi-band HST/ACS imaging survey of early-type
galaxies; high S/N ground-based optical spectra are also in hand for each
galaxy. The combination of ground-based spectroscopy, optical imaging from HST
and infrared imaging from Spitzer will provide the most complete dataset ever
assembled for the study of dust in a large and unbiased sample of early-type
galaxies. In particular: (1) the Spitzer/MIPS images will provide the definitive
study of the incidence of dust in these galaxies, and the measurement of dust
masses down to 250 solar masses, a hundred-fold improvement compared to IRAS;
(2) The multi-band IRAC and MIPS data will allow us to determine the
contribution of stars and dust to the observed flux, leading to an unambiguous
determination of the dust temperature compared to previous studies; (3) The dust
mass determined from MIPS observations will be compared to the mass required to
account for the extinction seen in our optical HST/ACS images. The high
resolution of Spitzer/MIPS will allow us to spatially resolve the dust emission
if this follows the stellar density, with obvious implications regarding the
origin of dust in early-type galaxies; (4) the total gravitational mass derived
from our optical ground-based spectra will be used to determine the empirical
ratio of dust to gravitating mass. The unprecedented depth, sensitivity, and
spatial resolution of the Spitzer data, the unrivaled clarity of the HST images,
and the complete kinematical coverage of the ground-based spectra will enable
the most detailed view yet of dust in early-type environments.
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Spitzer Space Telescope — General Observer Proposal #40149

The Continuing Infrared Evolution of SN1987A

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

Technical Contact: Eli Dwek, NASA Goddard Space Flight Center

Co-Investigators:

Richard Arendt, CRESST/UMBC/GSFC

Patrice Bouchet, Observatoire de Paris

David Burrows, Pennsylvania State University
Peter Challis, Harvard-Smithsonian CfA

John Danziger, Osservatorio Astronomico de Trieste
James De Buizer, Gemini Observatory

Robert Gehrz, University of Minnesota

Robert Kirshner, Harvard-Smithsonian CfA
Richard McCray, University of Colorado
Sangwook Park, Pennsylvania State University
Elisha Polomski, University of Minnesota
Charles Woodward, University of Minnesota

Science Category: Local Group Galaxies
Observing Modes: IracMap IrsMap IrsStare MipsPhot MipsSed
Hours Approved: 19.5

Abstract:

We will use the SPITZER to continue the ongoing monitoring of SN1987A, the
youngest supernova remnant that is undergoing noticable evolutionary changes
during the lifetime of the Great Observatories. At infrared wavelengths SN1987A
provides a unique complimentary view of the interaction of the SN blast wave
with the equatorial ring (ER). Dust in theE ERE is being swept up by the
expanding shock and collisionally heated by the X-ray emitting gas observed with
CHANDRA, giving rise to IR emission that reveals the composition and amount of
dust that formed in the outflow of the presupernova star. The IR observations
also provide a unique tool for studying physical processes — the collisional
heating and destruction of dust -E in dusty X-ray emitting plasmas. Parts of the
blast wave has penetrated the denser regions of the ER, creating the "hotspots"
observed with HUBBLE. IR line emission from these regions provide important
information on the physical conditions and theEelemental and dust composition in
these cooling shocks. Additionally, the ejecta of the SN explosion contains dust
that was observed to have formed about 530 days after the explosion. Its
imminent interaction with the ring will heat up this dust, which will be
observable with SPITZER. In addition to providing useful information on SN1987A
and its environment, the proposed observations will address key global issues
regarding the origin and evolution of dust in the universe: how much dust is
formed in SN ejecta and in quiescent stellar outflows, and how efficiently
grains are destroyed by interstellar shock waves.

Spitzer Space Telescope — General Observer Proposal #30067

THE INFRARED EVOLUTION OF SN1987A

Principal Investigator: Eli Dwek
Institution: NASA Goddard Space Flight Center
Technical Contact: Eli Dwek, NASA Goddard Space Flight Center
Co-Investigators:
Richard Arendt, SSAI/NASA GSFC
Patrice Bouchet, Observatoire de Paris
David Burrows, Pennsylvania State University
Peter Challis, Harvard-Smithsonian CfA
John Danziger, Osservatorio Astronomico de Trieste
James De Buizer, Gemini Observatory
Robert Gehrz, University of Minnesota
Robert Kirshner, Harvard-Smithsonian CfA
Richard McCray, University of Colorado
Sangwook Park, Pennsylvania State University
Elisha Polomski, University of Minnesota
Charles Woodward, University of Minnesota

Science Category: local group galaxies
Observing Modes: IracMap IrsMap IrsStare MipsPhot MipsSed
Hours Approved: 19.5

Abstract:

We will use the SPITZER to continue the ongoing monitoring of SN1987A, the
youngest supernova remnant that is undergoing noticable evolutionary changes
during the lifetime of the Great Observatories. At infrared wavelengths SN1987A
provides a unique complimentary view of the interaction of the SN blast wave
with the equatorial ring (ER). Dust in the ER is being swept up by the expanding
shock and collisionally heated by the X-ray emitting gas observed with CHANDRA,
giving rise to IR emission that reveals the composition and amount of dust that
formed in the outflow of the presupernova star. The IR observations also provide
a unique tool for studying physical processes - the collisional heating and
destruction of dust in dusty X-ray emitting plasmas. Parts of the blast wave has
penetrated the denser regions of the ER, creating the "hotspots" observed with
HUBBLE. IR line emission from these regions provide important information on the
physical conditions and the elemental and dust composition in these cooling
shocks. Additionally, the ejecta of the SN explosion contains dust that was
observed to have formed about 530 days after the explosion. Its imminent
interaction with the ring will heat up this dust, which will be observable with
SPITZER. In addition to providing useful information on SN1987A and its
environment, the proposed observations will address key global issues regarding
the origin and evolution of dust in the universe: how much dust is formed in SN
ejecta and in quiescent stellar outflows, and how efficiently grains are
destroyed by interstellar shock waves.
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Spitzer Space Telescope — General Observer Proposal #50444

THE CONTINUING INFRARED EVOLUTION OF SN1987A

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

Technical Contact: Eli Dwek, NASA Goddard Space Flight Center

Co-Investigators:

Richard Arendt, CRESST/UMBC/GSFC

Patrice Bouchet, DAPNIA/DSM CEA-Saclay

David Burrows, Pennsylvania State University
Peter Challis, Harvard-Smithsonian CfA

John Danziger, Osservatorio Astronomico de Trieste
James De Buizer, Gemini Observatory

Robert Gehrz, University of Minnesota

Robert Kirshner, Harvard-Smithsonian CfA
Richard McCray, University of Colorado
Sangwook Park, Pennsylvania State University
Elisha Polomski, University of Minnesota
Charles Woodward, University of Minnesota

Science Category: local group galaxies
Observing Modes: IracMap IrsMap IrsStare MipsPhot MipsSed
Hours Approved: 10.4

Abstract:

We will use the SPITZER to continue the ongoing monitoring of SN1987A, the
youngest supernova remnant that is undergoing noticable evolutionary changes
during the lifetime of the Great Observatories. At infrared wavelengths SN1987A
provides a unique complimentary view of the interaction of the SN blast wave
with the equatorial ring (ER). Dust in the ER is being swept up by the expanding
shock and collisionally heated by the X-ray emitting gas observed with CHANDRA,
giving rise to IR emission that reveals the composition and amount of dust that
formed in the outflow of the presupernova star. The IR observations also provide
a unique tool for studying physical processes - the collisional heating and
destruction of dust - in dusty X-ray emitting plasmas. Parts of the blast wave
has penetrated the denser regions of the ER, creating the "hotspots" observed
with HUBBLE. IR line emission from these regions provide important information
on the physical conditions and the elemental and dust composition in these
cooling shocks. Additionally, the ejecta of the SN explosion contains dust that
was observed to have formed about 530 days after the explosion. Its imminent
interaction with the ring will heat up this dust, which will be observable with
SPITZER. In addition to providing useful information on SN1987A and its
environment, the proposed observations will address key global issues regarding
the origin and evolution of dust in the universe: how much dust is formed in SN
ejecta and in quiescent stellar outflows, and how efficiently grains are
destroyed by interstellar shock waves.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #125

Magellanic Clouds Survey

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

Technical Contact: Joseph Hora, Harvard/CfA

Science Category: local group galaxies
Observing Modes: IracMap
Hours Approved: 0.6

Abstract:

Understanding star formation in a low-metallicity dwarf environment is
fundamental to our understanding of the origin and evolution of galaxies is the
early Universe. The Large Magellanic Cloud (LMC) and Small Magellanic Cloud
(SMC) are the nearest available laboratories to study star formation. This short
program will obtain data that will enable us to prepare for a larger survey of
the Clouds. The unique sensitivity and speed of IRAC will result in a survey
that has up to 1000 times more sensitivity and 11 times better angular
resolution than the most recent infrared surveys. This tremendous improvement in
point source sensitivity and resolution will allow us to study the location and
characteristics of 1-3 solar mass young stellar objects in the Clouds on ~0.5 pc
scales. A large area survey is essential to the success of source classification
and to the proper identification of young stellar objects. Central themes
include: How does star formation vary with metallicity and environment across
the clouds? Is there evidence for sequential, triggered star formation? Is star
formation occurring in dense HI clumps with no obvious molecular counterparts?
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #3

Brown Dwarf Galaxy Haloes

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

Technical Contact: Matthew Ashby, Harvard-SAO

Science Category: local group galaxies
Observing Modes: IracMap
Hours Approved: 32.4

Abstract:

The form of matter in galaxy haloes inferred from dynamical studies (i.e.,
rotation curves) remains unknown. We propose to image four bright local edge-on
spiral galaxies with IRAC to detect these haloes and (if possible) characterize
the distribution of halo mass. IRAC observations will be at least an order of
magnitude more sensitive than previous attempts to measure flux from galaxy
haloes. Combining images from all four IRAC bands also provides a potential
means of discriminating among possible constituents of the dark matter.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40032

Mysterious PAHs in M31

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Pauline Barmby, Smithsonian Astrophysical Observatory

Co-Investigators:

Pauline Barmby, SAO

Steven Willner, SAO

Howard Smith, SAO

Matthew Ashby, SAO

Karl Gordon, University of Arizona

Els Peeters, University of Western Ontario/SETI Inst.
Nick Devereux, Embry-Riddle Aeronautical University
David Thilker, Johns Hopkins University

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 13.0

Abstract:

Spitzer/IRS observations are the ideal tool to investigate puzzling ISO results
on the spectra of PAHs in M31l. The SINGS Legacy project has convincingly
demonstrated that the 6-8um PAH bands dominate the mid-IR spectrum of
star-forming galaxies, carrying a significant fraction of the total infrared
luminosity. But ISOCAM spectro-imaging observations of M31 showed that the
nucleus and bulge of this galaxy had very odd PAH spectra, bright at 11.3um and
12.7 microns but lacking the usual 6.2, 7.7 and 8.6 micron bands. The IRAC
images clearly show that there is non-stellar emission in the 8 micron band in
both the bulge and nucleus, as well as in the star-forming ring where the ISO
spectra were more "normal". It has been suggested that the unusual ISO spectra
are due to neutral (as opposed to the usual ionized) PAHs in regions with weak
UV fields, possibly due to the presence of an AGN. We propose to map 11 regions
in M31 with IRS spectral maps covering the wavelength range 5-20 microns
(SL+LL2). The regions to be mapped include the nucleus, two regions observed by
ISOCAM, and 9 other regions chosen for a range of dust temperatures, UV
intensities and metallicities. We will measure the variation in relative
strength of the PAH bands and its dependence on environment. M31 offers a unique
laboratory for mapping PAH variations within a well-studied galaxy, furthering
our understanding of these astrophysically important bands.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50474

Mysterious Ionized Nuclear Spirals in M31 and M81

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

Technical Contact: Steven Willner, Center for Astrophysics

Co-Investigators:

Matthew Ashby, Harvard-Smithsonian Center for Astrophysics
Pauline Barmby, University of Western Ontario

Nick Devereux, Embry-Riddle Aeronautical University
Howard Smith, Harvard-Smithsonian Center for Astrophysics

Science Category: local group galaxies
Observing Modes: IrsMap IrsPeakupImage
Hours Approved: 9.0

Abstract:
Despite decades of study, M31 and M81 remain enigmatic galaxies. Both harbor
large (~ lkpc), and luminous, H-alpha emission line spirals, the origin and

excitation of which remains poorly understood. None of the usual sources of
ionization, such as massive stars for example, can account for the observed
H-alpha line emission. Evidently, there is some unconventional source of
ionization present in the central region of M31 and M81 that could be present in
other galaxies and other active galactic nuclei. However ubiquitous, this
phenomenon can only be studied in very nearby galaxies like M31 and M81 where we
can acquire observations with high angular resolution and sensitivity. We
propose to use the Infrared Array Spectrometer aboard the Spitzer Space
Telescope to obtain mid-infrared spectroscopic observations of the emission line
spirals in M31 and M81. Specifically, we propose to sample the spatial
distribution of [NeII] and [NeIII] line emission, as these lines will enable us
to determine the spatial extent and the spectral shape of the ionizing radiation
field that is responsible for exciting the emission line gas. The observations
will allow us to distinguish between viable candidates for the ionization as
diverse as hot, billion year old post AGB stars, mechanical shocks and hot x-ray
gas.

Spitzer Space Telescope — Legacy General Observer Proposal #40245

SAGE-SMC: Surveying the Agents of Galaxy Evolution in the Tidally-Disrupted,
Low—Metallicity Small Magellanic Cloud

Principal Investigator: Karl Gordon
Institution: University of Arizona

Technical Contact: Karl Gordon, University of Arizona

Co-Investigators:
Margaret Meixner
Robert Blum (ES),

(ES, SF, ISM, archive), STScI
NOAO

William Reach (ISM, SF, IRAC), IPAC/Caltech

Barbara Whitney (
Jason Harris (SF)
Remy Indebetouw (
Alberto Bolatto (

SF, IRAC), Space Science Institute
, U. of Arizona

SF, ISM, IRAC), U. of Virginia

SF, ISM), U. of California-Berkeley

Jean-Philippe Bernard (ISM, SF), Centre d’'Etude Spatiale des Rayonnements

Marta Sewilo (SF)

, U. of Wisconsin, Madison

Brian Babler (IRAC), U. of Wisconsin—-Madison

Miwa Block (MIPS)

, U. of Arizona

Caroline Bot (ISM, SF), Caltech/IPAC
Steve Bracker (IRAC, SF), Univ. of Wisconsin-Madison

Lynn Carlson (SF)

, Johns Hopkins

Ed Churchwell (SF, IRAC), U. of Wisconsin-Madison

Geoffrey Clayton

(ISM, ES), Louisiana State University

Martin Cohen (ISM, ES, Cal), UC Berkeley/RAL
Charles Engelbracht (ISM, SF, MIPS), U. of Arizona

Yasuo Fukui (ISM,
Varoujan Gorjian
Sacha Hony (ISM,
Joseph Hora (SF,

SF), Nagoya University

(SF), JPL/Caltech

SF), CEA Saclay

ISM, IRAC), Harvard-Smithsonian CFA

Frank Israel (ISM, SF), Leiden University
Akiko Kawamura (SF, ISM), Nagoya University

Adam Leroy (ISM,

SF), MPIA

Aigen Li (ISM, SF, ES), Univ. of Missouri-Columbia
Suzanne Madden (ISM, SF), CEA Saclay

Ciska Markwick—-Kemper (ES), U. of Manchester
Marilyn Meade (IRAC), U. of Wisconsin-Madison

Karl Misselt (ISM, SF, MIPS), U. of Arizona

Akira Mizuno (ISM, SF), Nagoya University

Norikazu Mizuno (
Erik Muller (ISM,

ISM, SF), Nagoya University
SF), CSIRO

Joana Oliveira (SF), U. of Keele

Knut Olsen (ES),
Toshikazu Onishi
Roberta Paladini
Sean Points (ES,

CTIO/NOAO

(SF, ISM), Nagoya University
(SF, ISM), Caltech/IPAC
ISM), CTIO/NOAO

Thomas Robitaille (SF), University of St Andrew
Douglas Rubin (ISM), Wesleyan University

Karin Sandstrom (
Shuji Sato (SF),

ISM, SF), U. of California, Berkeley
Nagoya University

Hiroshi Shibai (ISM, SF), Nagoya University
Josh Simon (SF, ISM), Caltech

Linda Smith (ISM,

SF, ES), STScI/ESA

Sundar Srinivasan (ES), Johns Hopkins/STScI
Xander Tielens (ISM, SF, ES), NASA Ames
Uma Vijh (ISM, SF, ES, archive), STScI

Schuyler Van Dyk

(ES, ISM), IPAC/Caltech

Jacco Van Loon (ISM, SF, ES), U. of Keele

Kevin Volk (ES),
Dennis Zaritsky (

Science Category:
Observing Modes:
Hours Approved:

Gemini
SF), U. of Arizona

local group galaxies
IracMap MipsScan
285.0
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Abstract:

The observable properties of galaxy evolution are largely driven by the
life-cycle of baryonic matter: stars precipitate out of a complex, multi-phase
interstellar medium; and eventually, evolved stellar populations return enriched
material back to the ISM via stellar winds or supernova explosions. As
demonstrated by the SAGE-LMC survey, comprehensive Spitzer imaging of a nearby
galaxy provides an incredibly rich view of this baryonic lifecycle, allowing for
an unprecedented understanding of the physical processes which drive galaxy
evolution. This proposal will extend the SAGE analysis to the whole SMC (Bar,
Wing, and high-density portion of the Magellanic Bridge), a galaxy whose
properties are uniquely similar to those of star-forming galaxies at high
redshift. Specifically, the SMC’s metallicity is below the critical threshold
(1/3-1/4 Zz_sun) where interstellar medium properties are observed to change
dramatically (sharp reduction in the PAH dust mass fraction, reduced dust-to-gas
ratio, and extreme ultraviolet extinction curve variations). In addition, the
SMC has been profoundly influenced by past interactions with the LMC and Milky
Way, allowing us to study the impact of periodic interactions on the structure
of the ISM and the physical processes of star formation. We will gain crucial
insight into the ISM and star formation in a known tidal debris structure
(Bridge portion of SMC), which has a metallicity 4 times lower than the rest of
the SMC. When combined with observations of the Milky Way (GLIMPSE, MIPSGAL) and
the LMC (SAGE-LMC), our survey of the SMC (SAGE-SMC) will provide a complete and
detailed picture of the life-cycle of baryons in galactic environments spanning
orders of magnitude in metallicity, and wide ranges in star formation history.
This understanding will equip us to properly interpret the infrared properties
of more distant galaxies, both in the local (e.g., SINGS) and high-redshift
(e.g., GOODS and SWIRE) universe.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50816

A complete Survey of the SDSS metal-poor BCDs

Principal Investigator: Lei Hao
Institution: Cornell University

Technical Contact: Lei Hao, Cornell University

Co-Investigators:

Vianney Lebouteiller, Cornell University
Yanling Wu, Cornell University

Jim Houck, Cornell University

Science Category: local group galaxies
Observing Modes: IrsStare
Hours Approved: 33.3

Abstract:

Extremely low-metallicity galaxies represent key objects to understand the
chemical evolution of galaxies throughout the ages of the Universe. Spitzer
observed so far an incomplete sample for which the metallicity distribution may
not be representative of the actual situation in the Universe. We selected a
complete sample of very metal-poor galaxies ($leq 1/10 Zodot$) from the SDSS DR5
survey. This sample will allow doubling the present sample of Spitzer
observations of BCDs with comparable metallicities. The main goal of the
proposal is to view the sample as a whole, and study the variation and
distributions of their infrared properties. We will explore the effect of
metallicity on the variation of these properties, particularly examine the
possibility of a metallicity threshold for the formation of polycyclic aromatic
hydrocarbons. We are also interested in the general properties and variations in
the SED of these BCDs. The wealthy information from the SDSS survey will be
implemented to the sample to understand the influence of the large-scale
environment on the star—-formation properties inferred from their infrared
observations. The resulted dataset we can obtain will constitute a long-lasting
resource for studies of metal-deficient galaxies. The whole observations are
divided into one GO and one GTO proposals. The GTO proposal is focused on
obtaining the IRS spectra of the sample, while the GO one is focused on the
photometry of the sample. Thus they are each complete in its own.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #489

MIPS Imaging of M31

Principal Investigator: Joannah Hinz
Institution: University of Arizona

Technical Contact: Karl Gordon, STScI

Co-Investigators:
Karl Gordon, STScI
George Rieke, University of Arizona

Science Category: local group galaxies
Observing Modes: MipsScan
Hours Approved: 13.5

Abstract:

Spitzer will provide a unique and lasting legacy on Local Group galaxies due to
its high surface brightness sensitivity and exquisite resolution. This legacy is
already in place for M33, the SMC, and the LMC, where multiple MIPS scans maps
have been taken or are planned. M31, however, has been observed with only one
pass, one which has a gap in coverage near the center of the galaxy at 70um.
This current map is not of legacy quality. The gap and patterned artifacts
associated with the direction of the scan prevent analysis of, for instance, the
diffuse dust components at large distances from the galaxy center. The
importance of doing M31 well cannot be overstated: it is the nearest galaxy most
like our own and is the most analogous to objects studied at high redshift.
Therefore, we propose to map M31 thoroughly and deeply with MIPS to create a
high quality mosaic that will have complete coverage of the entire 1 x 5 degree
HI disk, providing a lasting Spitzer legacy for the astronomical community for a
variety of scientific topics.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #103

IRS Study of Planetary Nebulae in the SMC/LMC

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Jeronimo Bernard-Salas, Cornell University

Science Category: local group galaxies
Observing Modes: IrsStare
Hours Approved: 11.3

Abstract:

We propose to observe a number of planetary nebulae in LMC and SMC. The subsolar
metallicities in the Magellanic clouds may result in strong ionization fields
and thus unique high-exitation lines in the PNEs, unlike those of their Galactic
analogues. Several of the sources will be used as early release observations and
for bootstrapping the wavelength calibration of IRS.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #200

Circumstellar Dust in the Magellanic Clouds

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Greg Sloan, Cornell University

Science Category: local group galaxies
Observing Modes: IrsStare
Hours Approved: 14.8

Abstract:

This program will obtain low-resolution spectra of approximately 50 evolved
stars in the Large and Small Magellanic Clouds known or suspected to exhibit a
dust component on their infrared spectra. The goal is to obtain a representative
sample of dust emission from evolved stars born in a metal-poor environment to
(1) produce templates of dusty sources for use in interpreting the spectra of
star-burst and blue compact dwarf galaxies obtained in the SBGAL_DEVOST and
JRH_BCD program and (2) compare to similar samples of galactic sources obtained
by ISO. Both objectives require a sample of as wide a variety of sources as
possible, from both the LMC and SMC, including Miras (both short-period and
long-period), irregular variables, MS stars, full S stars, carbon stars
associated with both optically thin and thick shells, OH/IR stars, and
supergiants. More evolved sources observed in other programs will supplement
this list.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30145

IRS Follow—up of Sources in M33

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Thomas Roellig, NASA Ames Research Center

Co-Investigators:

Robert D. Gehrz, University of Minnesota
Thomas L. Roellig, NASA Ames Research Center
Charles Woodward, University of Minnesota
Elisha Polomski, University of Minnesota
Brent Buckalew, IPAC

Kristy McQuinn, University of Minnesota

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 8.2

Abstract:

We are currently engaged in a Guaranteed Time Observation (GTO) program (PID 5)
to obtain MIPS and IRAC maps of M33 that will provide a global perspective on
star formation, stellar evolution, and chemical evolution in the interstellar
medium in a spiral galaxy. Combined with ground-based observations, these maps
will provide a unified set of images that relate the locations of chemical
enrichment, gas available to form stars, star formation, and evolved stars. We
are proposing here to perform IRS spectroscopy using all of the IRS modules to
follow—up on five embedded compact HII clusters which are located at various
distances ranging up to 3.5 kpc from the center of M33. The low-resolution data
will be particularly useful in identifying broad-band solid-state features,
while the high-resolution module observations will be used to measure the
strength of fine-structure emission lines, providing a wealth of information on
the excitation levels and electron densities in the targets, without the
complicating effects of extinction that hampers optical studies of these
highly-enshrouded objects. Our proposed observations will allow important new
insight into how star formation environments change across the face of the
spiral galaxy M33.
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Spitzer Space Telescope — General Observer Proposal #3591

The O-rich condensation sequence at low metallicity: Large Magellanic Cloud AGB
and post—-AGB stars

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

Technical Contact: Francisca Markwick-Kemper, UCLA

Co-Investigators:

Schuyler D. Van Dyk, IPAC/CalTech, Pasadena, CA
Ryszard Szczerba, NCAC, Torun, Poland

Angela K. Speck, University of Missouri, Columbia, MO
Margaret Meixner, STSci, Baltimore, MD

Toshiya Ueta, Royal Observatory, Belgium

Science Category: local group galaxies
Observing Modes: IrsStare
Hours Approved: 7.6

Abstract:

The goal of this proposal is to study the formation and processing of dust
around oxygen-rich evolved stars in the Large Magellanic Cloud (LMC). The
condensation may depend heavily on the metallicity, although its effect is
currently unknown. From current condensation theories it may be expected that:
1) the total condensed dust mass is lower, 2) there will be more simple oxides
and less silicates, 3) the degree of crystallinity will be lower for the
silicates. We propose to do IRS low resolution observations to study dust
properties such as composition, grain size and shape and the dust mass
distribution, to validate current condensation models. We have selected a sample
of 67 oxygen-rich evolved stars in a large range of evolutionary states, ranging
from red giants to planetary nebulae, in order to sample the entire dust
condensation sequence. The dust in the LMC interstellar medium, as well as star
forming regions in the LMC originates largely from oxygen-rich evolved stars,
and therefore it is of crucial importance to know its properties. In addition,
gaining an understanding of the dust condensation sequence at low metallicities
will improve our understanding of dust formation in general, and will provide
the ability to use grain properties and dust composition as an astronomer’s tool
to trace physical conditions.

Spitzer Space Telescope — Theoretical Research Proposal #50137

Simulating Star Formation in Space and Time

Principal Investigator: Mark Krumholz
Institution: University of California, Santa Cruz

Technical Contact: Mark Krumholz, University of California, Santa Cruz

Co-Investigators:

Mordecai-Mark Mac Low, American Museum of Natural History
Christopher McKee, University of California, Berkeley
Christopher Matzner, University of Toronto

Science Category: local group galaxies
Dollars Approved: 125000.0

Abstract:

Spitzer observations of nearby galaxies have produced considerable insight into
the question of where and when star formation occurs. By combining Spitzer maps
of galactic disks, which probe embedded regions of star formation at high
spatial resolution, with large-scale surveys of atomic and molecular gas, we
have for the first time been able to determine the spatial and temporal
distribution of star formation and its relation to the distributions of gas and
old stars. To date, no comprehensive theoretical model has been capable of
reproducing these observations in detail. Simulations indicate that large-scale
gravitational instability plays a key role in determining where atomic gas
condenses to form giant molecular clouds (GMCs), but they are limited by their
inability to resolve the internal dynamics of these objects. Because the
conversion of GMC gas into stars is an extremely inefficient and comparatively
slow process, most likely as a result of stellar feedback, it is not possible to
reproduce the overall rate of star formation and its spread in space and time
without understanding GMCs'’ internal behavior. We propose to remove this
limitation by combining large—scale numerical simulations of galactic disks with
detailed, physically well-motivated models for the behavior of GMCs on scales
too small and involving physics too computationally complex to be included in
galactic-scale simulations. We will extend and develop semi-analytic GMC
evolution models including stellar feedback that are suitable for implementation
as subgrid physics within galactic-scale simulations. Using simulations based on
these models, we will predict observables such as the locations and ages of
newly—-formed star clusters and the distribution of 24 micron emission behind
spiral arms. Comparing these predictions with data will provide a new means of
testing theories of star formation, and will yield new insight into the physical
mechanisms behind the complex patterns that Spitzer has revealed.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50282

Extreme Star-Formation in LMC-N157B

Principal Investigator: Vianney Lebouteiller
Institution: Cornell University

Technical Contact: Vianney Lebouteiller, Cornell University

Co-Investigators:

Jeronimo Bernard-Salas, Cornell University
Nicolas Peretto, University of Manchester
Duncan Farrah, Cornell University

David Whelan, University of Virginia

Jim Houck, Cornell University

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 8.5

Abstract:

We propose to investigate the unique and extreme environment of the nebula
LMC-N157B in 30 Doradus. Protostellar regions are under the influence of stellar
winds from nearby massive 06 stars, and of shocks from a supernova (SN)
explosion. Our observations will allow characterizing the physical association
produced by the impact of the SN shocks on the protostellar regions.
Furthermore, we will be able to define the relative effect from stellar winds
and SN shocks on the formation and evolution of the protostellar regions.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50318

Dust Properties in the Starburst Galaxy IC10

Principal Investigator: Vianney Lebouteiller
Institution: Cornell University

Technical Contact: Vianney Lebouteiller, Cornell University

Co-Investigators:

Henrik Spoon, Cornell University

Estelle Bayet, UCL

Olivier Berne, CESR, Toulouse

Jeronimo Bernard-Salas, Cornell University
David Whelan, University of Virginia

Jim Houck, Cornell University

Science Category: local group galaxies
Observing Modes: IrsMap IrsStare
Hours Approved: 9.1

Abstract:

We propose to investigate two key dust tracers (silicate dust and very small
grains) across the closest starburst known IC10. By comparing the spatial
distribution of silicate dust in the diffuse ISM with the visual extinction map,
we will investigate the possible relation between silicate dust and large
carbonaceous grains. Our observations will enable us to probe the silicate dust
properties as a function of the local physical conditions, notably the hardness
of the radiation field. In a second part, we intend to study the nature and
evolution of PAHs and VSGs toward the many giant molecular clouds (GMCs) within
ICl10. We propose to address the formation process of very small grains within
GMCs.
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Spitzer Space Telescope — Archive Research Proposal #50156

The Mid-Infrared Cepheid Distance Scale: A Reconnaissance Program of Cepheids in
the Local Group

Principal Investigator: Barry Madore
Institution: Carnegie Institution of Washington

Technical Contact: Barry Madore, Carnegie Institution of Washington

Co-Investigators:

Wendy Freedman, Carnegie Observatories
Violet Mager, Carnegie Observatories
Jane Rigby, Carnegie Observatories

Science Category: local group galaxies
Dollars Approved: 25000.0

Abstract:

We request archival funding to search for serendipitous IRAC detections of known
Cepheids in Local Group galaxies. This archival proposal is a parallel study in
support of a Cycle 5 GO proposal (PI: Freedman) to re-calibrate the Cepheid
distance scale from the ground up using new IRAC photometry of ten Galactic
Cepheids having HST trigonometric parallaxes (Benedict et al. 2007), in
combination with eighty LMC Cepheids (from Persson et al. 2004), to establish
the slope and secure the zero point of the Cepheid Period-Luminosity Relation at
3.6 and 4.5 micron. Here we intend to characterize the mid-infrared
detectability of Cepheids in Local Group galaxies, by examining upwards of 8,000
archival images containing cataloged Cepheids with known periods and predicted
luminosities. The Cepheids in these images exhibit a wide range of background
intensity, often have complex crowding, and have a wide range of apparent
magnitudes. From this reconnaissance survey we will be able to directly assess
the ability of Spitzer to obtain high signal-to-noise observations of Cepheids
in individual Local Group galaxies, and we will select the least crowded and
least confused of the serendipitously--obserserved Cepheids. We plan to target
this sample in the Warm Mission, with the goal of putting the Local Group
securely onto the mid-infrared Cepheid distance scale.

Spitzer Space Telescope — General Observer Proposal #20173

Detailed Study of the Dust in M31’s Four Elliptical Companions

Principal Investigator: Francine Marleau
Institution: Spitzer Science Center, Caltech

Technical Contact: Francine Marleau, Spitzer Science Center, Caltech

Co-Investigators:

Alberto Noriega-Crespo, Spitzer Science Center, Caltech
Karl Gordon, Steward Observatory, University of Arizona
Karl Misselt, Steward Observatory, University of Arizona
George Rieke, Steward Observatory, University of Arizona
Phil Choi, Spitzer Science Center, Caltech

Gary Welch, Saint Mary’s University

Marla Geha, Carnegie Observatories

Science Category: local group galaxies
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 14.4

Abstract:

We propose to carry out a multi-wavelength study of the four dwarf/compact
elliptical galaxies, NGC 205, NGC 185, NGC 147 and M32, the well known
satellites of M31l. The distinct properties of these systems —- different
gravitational interactions, star forming histories and interstellar medium (ISM)
—— create a unique opportunity to learn about the evolution of the ISM in these
galaxies and the processes that regulate its state. The proposed IRAC (3.6-8
micron) and MIPS (24, 70 and 160 micron) observations of NGC 185, NGC 147 and
M32 will trace simultaneously the distribution of the dust and the old stellar
population. For NGC 205, for which we have GTO MIPS observations, we will obtain
new IRAC maps, 16 micron IRS peakup imaging and deeper MIPS photometric
observations. These new observations will provide a complete census of the
extended emission, and therefore, of the dust distribution in this galaxy. In
the case of NGC 205 and NGC 185, where dust emission has already been detected,
current (NGC 205) and proposed (NGC 185) observations will be supplemented by
IRS spectroscopy (5.2 to 38 micron) of the dust clouds. These observations will
enhance our knowledge of the infrared emission and dust properties in
dwarf/compact elliptical systems and how they compare with those of the Galaxy
and other elliptical galaxies.
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Spitzer Space Telescope — Legacy General Observer Proposal #20203

Spitzer Survey of the Large Magellanic Cloud: Surveying the Agents of a Galaxy'’s
Evolution (SAGE)

Principal Investigator: Margaret Meixner
Institution: Space Telescope Science Institute

Technical Contact: Margaret Meixner, Space Telescope Science Institute

Co-Investigators:

Karl Gordon (ISM, SF), University of Arizona
Edward Churchwell (SF), University of Wisconsin
Remy Indebetouw (SF), University of Virginia
Joseph Hora (ES,SF), CFA/Harvard

Robert Blum (ES), CTIO/NOAO

William Reach (ISM,SF), IPAC/Caltech
Jean—-Philippe Bernard (ISM,SF), Centre d’Etude Spatiale des Rayonnements
Brian Babler (SF), University of Wisconsin
Francois Boulanger (ISM), IAS, Paris

Martin Cohen (ISM), UC Berkeley/RAL

Charles Engelbracht (ISM, SF), University of Arizona
Jay Frogel (ES,SF), AURA

Yasuo Fukui (SF), Nagoya University

Jay Gallagher (ISM, SF), University of Wisconsin
Varoujan Gorjian (SF), JPL/Caltech

Jason Harris (SF), University of Arizona

Stephen Jansen (SF), University of Wisconsin
Douglas Kelly (ES), University of Arizona

Ciska Kemper (ES), University of Virginia

Akiko Kawamura (SF), Nagoya University

William Latter (ES), IPAC/Caltech

Claus Leitherer (ES), STScI

Suzanne Madden (ISM, SF), CEA, Saclay

Marilyn Meade (SF), University of Wisconsin

Karl Misselt (ISM), University of Arizona

Akira Mizuno (SF), Nagoya University

Norikazu Mizuno (SF), Nagoya University

Jeremy Mould (ES), NOAO

Antonella Nota (ES, SF), ESA/STScI

Sally Oey (ISM, SF), University of Michigan

Knut Olsen (ES), CTIO/NOAO

Toshikazu Onishi (SF), Nagoya University

Roberta Paladini (ISM), Centre d’Etude Spatiale des Rayonnements
Nino Panagia (SF), ESA/STScI

Pablo Perez-Gonzalez (ISM), University of Arizona
Hiroshi Shibai (SF), Nagoya University

Sato Shuji (SF), Nagoya University

Linda Smith (ISM, SF), University of College, London
Lister Staveley-Smith (ISM), CSIRO

Xander Tielens (ES, ISM), Kapteyn Institute
Toshiya Ueta (ES), NASA/Ames

Schuyler Van Dyk (ES), IPAC/Caltech

Kevin Volk (ES), Gemini

Michael Werner (ES), JPL/NASA

Barbara Whitney (SF), Space Science Institute
Dennis Zaritsky (SF), University of Arizona

Science Category: local group galaxies
Observing Modes: IracMap MipsScan
Hours Approved: 511.0

Abstract:

The recycling of matter between the interstellar medium (ISM) and stars drives
the evolution of a galaxy’s visible matter. To understand this recycling, we
propose to study the physical processes of the ISM, the formation of new stars
and the injection of mass by evolved stars and their relationships on the
galaxy-wide scale of the Large Magellanic Cloud (LMC). Due to its proximity,

favorable viewing angle, multi-wavelength information, and measured tidal
interactions with the Milky Way (MW) and Small Magellanic Cloud (SMC), the LMC
is uniquely suited for surveying the agents of a galaxy'’s evolution (SAGE), the
ISM and stars. Our uniform and unbiased survey of the LMC (7x7 degrees) in all
IRAC and MIPS bands will have much better wavelength coverage, up to ~1000

times better point source sensitivity and ~11 times better angular resolution
than previous IR surveys. Full and uniform coverage of the LMC is necessary to
study the galaxy as a system, to develop a template for more distant galaxies
and to create an archival data set (rights waived) that promises a lasting
legacy to match current LMC surveys at other wavelengths. SAGE will reveal over
6 million sources including ~150,000 evolved stars, ~50,000 young stellar
objects and the diffuse ISM with column densities >1.2e2l1 H/cm2. In contrast to
the MW and SMC, the diffuse IR emission in the LMC can be unambiguously
associated with individual gas/dust clouds, thereby permitting unique studies of
dust processes in the ISM. SAGE'’'s complete census of newly formed stars with
masses >1-3 Msun will reveal whether tidally-triggered star formation events in
the LMC are sustained or short-lived. SAGE's complete census of evolved stars
with mass loss rates >le-8 Msun/yr will quantitatively measure the rate at which
evolved stars inject mass into the ISM. SAGE will be the crucial link between
Spitzer’s survey of individual IR sources in the MW (GLIMPSE) and its surveys of
galaxies (e.g., SINGS) and a stepping stone to the deep surveys (e.g., GOODS &
SWIRE).
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Spitzer Space Telescope — General Observer Proposal #3578

Infrared Extinction in the Magellanic Clouds

Principal Investigator: Karl Misselt
Institution: University of Arizona

Technical Contact: Karl Misselt, University of Arizona

Co-Investigators:

Karl Gordon, University of Arizona

Geoff Clayton, Louisiana State University
JD Smith, University of Arizona

Kate Su, University of Arizona

Science Category: local group galaxies
Observing Modes: IracMap IrsStare
Hours Approved: 20.7

Abstract:

We propose to examine the infrared extinction curve in the Magellanic Clouds.
As our nearest galactic neighbors, the Clouds provide an ideal laboratory for
the study of dust properites in environments very different from the Galaxy. We
will use IRAC imaging in conjunction with IRS spectra for selected targets to
explore the shape of the infrared extinction curve as well as the nature of the
dust grains in both the Large and Small Magellanic Clouds. All of our targets
have extensive data in the vacuum ultraviolet as well as optical and hence
correlations of the IR properties of the dust (shape of the extinction curve
from IRAC + IRS, mineralogy from IRS) will provide previously unavailable
insight into the nature of grains in diverse environments. In addition, the IRAC
images will provide information on the surrounding environment and its effect on
grain properties. With the IRS spectra covering the stong aborption feature of
silicate dust at 9.7 micron, we will be able to address recent evidence that
silicon is undepleted into a solid state in the SMC. Previous studies of the UV
extinction in extragalactic environments indicate that dust grains and their
attendant extinction of starlight vary significantly with environment. In
particular, the dust in the Magellanic Clouds, especially the SMC, appears
similar to that found in starburst and high redshift galaxies. Hence,
understanding how grain properties and hence their attenuation of starlight
varies in the Clouds will provide valuable tools in interpreting data from the
distant universe.

Spitzer Space Telescope — Archive Research Proposal #50029

Extragalactic Cepheids from Spitzer Archival Data

Principal Investigator: Chow Choong Ngeow
Institution: University of Illinois, Urbana-Champaign

Technical Contact: Chow Choong Ngeow, UIUC

Co-Investigators:
Shashi Kanbur, SUNY at Oswego
Lucas Macri, NOAO

Science Category: local group galaxies
Dollars Approved: 25000.0

Abstract:

We have recently derived the Cepheid Period-Luminosity (PL) relations in the
IRAC bands using archival Spitzer data from the SAGE project. These PL relations
can be used in future distance scale studies with the James Webb Space
Telescope, which will mainly operate in the near and mid infrared. We propose to
test the suitability of the LMC IRAC band PL relations for extragalactic work by
applying them to extragalactic Cepheids present in archival Spitzer observations
of three nearby galaxies: WLM, IC 1613 and M33. We request a funding of $25,000
to carry out this proposal.
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Spitzer Space Telescope — General Observer Proposal #20080

Infrared Spectroscopy of SN 1987A

Principal Investigator: Elisha Polomski
Institution: University of Minnesota

Technical Contact: Elisha Polomski, University of Minnesota

Co-Investigators:

Diane Wooden, NASA/Ames Research Center

Charles Woodward, University of Minnesota
Robert Gehrz, University of Minnesota

Ben Sugerman, Space Telescope Science Institute

Science Category: local group galaxies
Observing Modes: IrsMap IrsStare
Hours Approved: 4.5

Abstract:

We propose to conduct deep spectroscopic observations of SN 1987A with the IRS
instrument on the Spitzer Space Telescope. Supernova 1987A in the Large
Magellanic Cloud was the brightest and nearest supernova in almost 400 years and
has been intensely scrutinized with both ground and space-based observatories
(for a review see Arnett et al. 1989; Sugerman et al. 2005). Since its outburst
the remnant has faded significantly and no infrared spectroscopy (with the
exception of our Spitzer GTO observations), and only limited IR photometry has
been possible since day 2000 (Bouchet et al. 2004; Wooden et al. 1993; Dwek et
al. 1992). We will focus our study on determining the dust mass and mineralogy
as well as the physical state and composition of the circumstellar material and
the ejecta. These observations will provide insight into the abundances of heavy
elements in Type II SN ejecta and the relative importance of SN for the
production of dust. The spectral evolution of the SN 1987A was studied until
1990, when it became too faint for all IR instrumentation. Our observations will
be an important contribution to nearly 20 years of temporal monitoring of this
object.

Spitzer Space Telescope — General Observer Proposal #3400

A Local Group Inventory of Simple Stellar Populations

Principal Investigator: Michael Rich
Institution: University of California - Los Angeles

Technical Contact: David Reitzel, University of California, Los Angeles

Co-Investigators:

Flavio Fusi Pecci, INAF - Osservatorio Astronomico Bologna
Livia Origlia, INAF - Osservatorio Astronomico Bologna
Luciana Federici, INAF - Osservatorio Astronomico Bologna
David B. Reitzel, UCLA

Soo—-Chang Rey, Caltech

Carla Cacciari, INAF - Osservatorio Astronomico Bologna

Science Category: local group galaxies
Observing Modes: IracMap
Hours Approved: 32.2

Abstract:

Globular clusters, as aggregates of coeval stars with the same chemical
abundance, are the best examples of Simple Stellar Populations and ideal
templates for studying the evolution of stellar populations and for a correct
interpretation of integrated colors (spectral energy distributions) of distant
galaxies, with a crucial impact on cosmology. These templates, however, need to
be calibrated over the widest possible wavelength range, from the far UV to the
mid-IR, in order to take properly into account the contribution of all stellar
components, including the coolest ones that were so far poorly known for lack of
adequate observations. We propose to use Spitzer/IRAC imaging to characterize a
sample of Local Group globular clusters defined to span a wide range in age and
abundance. These clusters are meant to provide a grid of templates for the above
purposes. Globular clusters in the LMC and SMC, chosen to span a wide range in
age, will be resolved into stars. In the Fornax dwarf spheroidal galaxy,
clusters are found with [Fe/H] = -2 yet with widely varying horizontal branch
morphology (e.g. mass loss history). We propose also to image a set of globular
clusters in M31, selected to span a wide range in abundance and different
environmental conditions across the body of the galaxy. In addition to these
populations, we propose to image the bulges of M31 and M32, which have been
resolved into stars in the near-IR. While not strictly simple stellar
populations, the bulges may give insight into similarities and differences
between galaxy and globular cluster populations, and will provide an important
test and verification in the application of stellar population synthesis models
using the new and complete grid of templates we are proposing to assemble.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30203

Extended Dust in M31: MIPS Imaging to the HI Edge

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Karl Gordon, The University of Arizona

Co-Investigators:

Karl Gordon, Univ. of Arizona

Charles Engelbracht, Univ. of Arizona
Joannah Hinz, Univ. of Arizona

Karl Misselt, Univ. of Arizona

Chris Willmer, Univ. of Arizona

David Thilker, Johns Hopkins Univ.
Robert Braun, ASTRON, Netherlends

Science Category: local group galaxies
Observing Modes: MipsScan
Hours Approved: 14.3

Abstract:

We are proposing to extend the existing MIPS/GTO map of M31 from 1x3 degrees to
approximately 1x5 degrees. The existing MIPS map covers the optical disk of M31
and clearly shows extended infrared emission to the edge of the current map
along the major axis. HI observations of M31 also show that the HI disk extends
well beyond the optical disk of M31, and the extended emission detected by MIPS
supports an extended gas *and* dust disk of M31. The MIPS observation proposed
here will complete the MIPS mapping of M31 out to the HI edge. Such observations
will reveal the spatial distribution of cold dust in the extended HI disk. The
spatial correlation of the MIPS emission with existing HI and GALEX ultraviolet
images of M31 will probe the origin of the extended dust disk. Is it due to
local star formation, fountains from inner disk star formation, interactions, or
primordial infall? The answer(s) to these questions will provide insight on
galaxy evolution and similar observations of more distant galaxies with MIPS.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40591

Dissecting the IR SED of a Galaxy: Spectroscopy of Regions in M33

Principal Investigator: George Rieke
Institution: University of Arizona

Technical Contact: Karl Gordon, University of Arizona

Co-Investigators:

Karl Gordon, U. of Arizona

Karl Misselt, U. of Arizona
Charles Engelbracht, U. of Arizona
Pauline Barmby, Harvard/CFA

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 18.5

Abstract:

We propose to dissect the mid-IR SED of the Local Group galaxy M33 using IRS
spectra to learn the physical properties of the different regions that
contribute to the total mid-IR flux of M33. M33 is an ideal galaxy to study the
relative contributions of different sources to the total flux in the disks of
galaxies as it is the closest late type spiral. The IRS spectra will provide
diagnostics of the excitation conditions in both the bright HII regions and the
fainter diffuse regions. Although compact sources dominate our visual impression
of galaxies, the diffuse regions make up over 50% of the total flux of M33 from
8 to 160 micron. A similar portion is likely to hold for other spirals: these
relatively unstudied regions therefore make an major contribution to the SED and
total IR power from spiral galaxies. For example, these diffuse regions also
dominate the IR color-color space of M33 that was used to pick the diffuse
targets for this proposal. Since the total IR power and SED colors are the most
widely used parameters to characterize the integrated IR emission of galaxies,
understanding of the behavior of the diffuse regions is an essential step toward
improving our understanding of IR galaxies.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #99

Giant Extragalactic H II Regions in M31

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Karl Gordon, The University of Arizona

Science Category: local group galaxies
Observing Modes: MipsScan
Hours Approved: 17.1

Abstract:

This program is aimed at investigating the H II regions in M31l. These regions
will be used as analoges of starbursts and to probe the evolution of dust grain
properties as a function of star formation activity. This program will acquire
24, 70, & 160 micron photometric spectral energy distributions on a large number
of H IT regions in M31. When combined with existing ultraviolet, optical, and
near—IR images of M31, the data will be used to the star formation process and
the properties of dust associated with H II regions.

Spitzer Space Telescope — General Observer Proposal #20057

Galactic Chemical Evolution & the Hot Star—-H II Region Connection in M33

Principal Investigator: Robert Rubin
Institution: NASA Ames Research Center

Technical Contact: Robert Rubin, NASA Ames Research Center

Co-Investigators:

Janet Simpson, NASA Ames Research Center
Adi Pauldrach, University Munich

Sean Colgan, NASA Ames Research Center
Reginald Dufour, Rice University

Edwin Erickson, NASA Ames Research Center
Michael Haas, NASA Ames Research Center

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 23.9

Abstract:

H II regions play a crucial role in the measurement of current interstellar
abundances while also serving as laboratories for atomic physics. They provide
fundamental data about heavy element abundances that serve to constrain models
of galactic chemical evolution. We propose to use Spitzer/IRS to measure the
Ne/H and S/H abundances in H II regions in the nearby spiral galaxy M33. By
observing a substantially face-on galaxy with a significant abundance gradient,
we will cover a full range of galactocentric radii (R_G) & abundances, and avoid
the extinction problems that plague optical/near IR Milky Way studies,
particularly in the inner Galaxy. An important advantage compared with prior
optical studies is that the IR lines have a weak and similar electron
temperature (Te) dependence while optical lines vary exponentially with Te. We
plan to observe 5 emission lines: S IV 10.5, Ne II 12.8, Ne III 15.6, S III
18.7, & H7-6 12.4 micron cospatially with IRS/SH. By virtue of being able to
measure lines from all the major ionic states of Ne and S in H II regions,
together with an H line, in the SAME spectrum, there is a unique opportunity to
obtain reliable Ne/H & S/H ratios and determine how they vary with R_G. Our
prior measurements of the Galactic Ne/O ratio using far—IR lines, showed the
observed Ne++/0++ ratio significantly exceeds model predictions. This has been
referred to as the "Ne III problem". The nebular models rely on stellar
atmosphere models to provide the ionizing spectral energy distribution (SED) for
hot stars. The SED used is the largest source of uncertainty when comparing
theory and observations to determine nebular abundances in general and
galactochemical gradients. We will use novel diagnostic tools designed to
investigate the Ne III problem via the proposed observations to validate the SED
input to the nebular code. These observations will pave the way for similar
Spitzer studies of other galaxies to yield the most detailed, reliable data by
far of S/H and Ne/H abundance variations.
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Spitzer Space Telescope — General Observer Proposal #40910

Galactic Chemical Evolution & the Hot Star — H II Region Connection in NGC6822

Principal Investigator: Robert Rubin
Institution: NASA Ames Research Center

Technical Contact: Robert Rubin, NASA Ames Research Center

Co-Investigators:

Sean Colgan, NASA Ames Research Center
Simpson Janet, NASA Ames Research Center
Adalbert Pauldrach, University Munich
Reginald Dufour, Rice University

Edwin Erickson, NASA Ames Research Center
Michael Haas, NASA Ames Research Center
Brent Buckalew, Caltech/IPAC

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 27.5

Abstract:

H II regions provide fundamental data about heavy element abundances that
constrain galactic chemical evolution (GCE) models. We propose to use
Spitzer/IRS to follow up on our Spitzer observations of M83 and M33 H II
regions. We will measure S IV 10.5, Ne II 12.8, Ne III 15.6, S III 18.7, & H7-6
12.4 micron cospatially with IRS/SH. By measuring all the major ionic states of
Ne and S in H II regions with an H line, there is a unique opportunity to
estimate S3+/S++, Ne++/Ne+, Ne/H, S/H, & Ne/S ratios and test if they vary with
galactocentric radius (R_G). The high Ne/S ratios we derived for M83 are likely
upper limits due to our estimate of the S abundance not accounting for S+ or
dust. The M33 H II regions have much lower metallicity and higher ionization,
leading to a truer total S abundance & a Ne/S close to the Orion Nebula value
14. The H II regions in the nearby, dwarf irregular galaxy NGC6822 are both low
metallicity (O/H ~3.5x lower than Solar) and high ionization, allowing a
reliable derivation of gas—-phase Ne/S. The solar Ne abundance is very
controversial, with much evidence pointing to a higher Ne value than the current
Ne/S~5. NGC6822 observations will test how robust and universal the ratio of ~14
is. Such a finding will place important constraints upon GCE models. Our
derivation of ionic abundances from Spitzer data depends on nebular models,
which rely on the spectral energy distribution (SED) which comes from stellar
atmosphere models. From our M83 and M33 data, we derive <Ne++>/<S++> &
<Ne++>/<S3+> vs. <S3+>/<S++> ratios for the various H II regions and compare
with theoretical loci, which show a factor >10 spread in y at a given x. The
data points best follow the trend of the loci using the supergiant SEDs of
Pauldrach, who will compute a set of atmosphere models with metallicity similar
to that of NGC6822. Data for a third galaxy with a very different history and
gas content will further validate whether or not any SED set preferentially fits
the nebular observations.

Spitzer Space Telescope — General Observer Proposal #50088

A Population of Dusty B Stars in the SMC: The First Extragalactic Debris Disks?

Principal Investigator: Joshua Simon
Institution: California Institute of Technology

Technical Contact: Joshua Simon, California Institute of Technology

Co-Investigators:

Alberto Bolatto, University of Maryland
Jacco van Loon, Keele University

Joana Oliveira, Keele University

Luke Keller, Ithaca College

Greg Sloan, Cornell University

Karin Sandstrom, UC Berkeley

Science Category: local group galaxies
Observing Modes: IrsStare IrsPeakupImage
Hours Approved: 32.7

Abstract:

Using data from the Spitzer Survey of the SMC, we have discovered a population
of 120 B stars with large 24 micron excesses. Optical spectroscopy and the IRAC
SEDs demonstrate that they are not ordinary YSOs or Be stars. We suggest instead
that these objects may be debris disks around massive main sequence stars.
Confirmation of this hypothesis would provide one of the only ways to study the
process of planet formation in a low-metallicity external galaxy. We propose
Spitzer IRS spectroscopy to measure the long-wavelength SED of the dust emission
and blue peak-up imaging to better constrain the size of the emitting region
around each star. From the mid-infrared SEDs, we will determine the dust
temperature, thereby placing strong constraints on its location and relationship
to the B stars. If the B stars do indeed host debris disks, they provide perhaps
the only plausible method for constraining planet formation in an external
galaxy for the foreseeable future.
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Spitzer Space Telescope — General Observer Proposal #50804

Leo T: Probing Star Formation and Dust in the Most Metal-Poor Galaxy Known

Principal Investigator: Joshua Simon
Institution: California Institute of Technology

Technical Contact: Joshua Simon, California Institute of Technology

Co-Investigators:
Alberto Bolatto, Maryland
Marla Geha, Yale

Science Category: local group galaxies
Observing Modes: IracMap MipsPhot
Hours Approved: 8.5

Abstract:

We propose IRAC and MIPS imaging of Leo T, the most metal-poor galaxy ever
discovered. This new denizen of the Local Group is located just 420 kpc from the
Milky Way and has a metallicity of less than 1/100 Zsun. However, it also
contains significant amounts of cold gas, as well as a population of young
massive stars. We will use very deep IRAC imaging of this unique system to
search for YSOs, with techniques that we have perfected in the Small Magellanic
Cloud. We will be sensitive to protostars with masses down to 4 Msun. We will
also create a deep 160 um map of Leo T to constrain the dust associated with the
cold gas, with the sensitivity to detect dust masses of as little as 10 Msun.
Because of the combination of its unprecedently low metallicity and nearby
location, Leo T is by far the best target for studying star formation and the
dust content of the ISM at extremely low metallicities. With a small investment
of Spitzer time, these observations offer the possibility of a very large
scientific payoff: learning about stars similar to the theoretical Population
III, but in the local universe.

Spitzer Space Telescope — General Observer Proposal #20425

Dust at Low Metallicity: MIPS Observations of Local Group Dwarfs

Principal Investigator: Evan Skillman
Institution: University of Minnesota

Technical Contact: Evan Skillman, University of Minnesota

Co-Investigators:

John Cannon, Max Planck Institute for Astronomy
Robert Gehrz, University of Minnesota

Dale Jackson, University of Minnesota

Henry Lee, University of Minnesota

Elisha Polomski, University of Minnesota
Soo-Chang Rey, Yonsei University, Korea

Fabian Walter, Max Planck Institue for Astronomy
Charles Woodward, University of Minnesota

Ted Wyder, Califonia Institute of Technology

Science Category: local group galaxies
Observing Modes: MipsScan
Hours Approved: 16.4

Abstract:

Characterizing the ISM and the star formation process at low metallicity is
vital to our understanding of galaxy formation and evolution. Nearby dwarf
galaxies represent our best opportunity to obtain observational constraints on
our theoretical models of the low metallicity environment. Prior to Spitzer,
even the closest dwarf galaxies were practically invisible at mid- and far-
infrared wavelengths due to their intrinsically low surface brightnesses.
However, the unprecedented sensitivity of MIPS on Spitzer allows us to make high
resolution observations of the nearest low metallicity dwarf star forming
galaxies for the first time. We will map the dust distributions, fluxes, and
temperatures in these galaxies and, in combination with a nearly ideal set of
ancillary observations, study the dependence of the physical properties of the
ISM as a function of metallicity. We will also determine the metallicity
dependence of three independent measurements of the star formation rate. The
proposed modest number of requested observing hours will allow important strides
forward in our understanding of the nature of the ISM and star formation at very
low metallicities.
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Spitzer Space Telescope — General Observer Proposal #40457

Spatially Resolved PAH Emission in Nearby Low-Metallicity Galaxies

Principal Investigator: Evan Skillman
Institution: University of Minnesota

Technical Contact: Evan Skillman, University of Minnesota

Co-Investigators:

Dale Jackson, University of Minnesota
John Cannon, Wesleyan University
Robert Gehrz, University of Minnesota

Science Category: local group galaxies
Observing Modes: IrsMap IrsStare MipsScan
Hours Approved: 18.5

Abstract:

Significant progress has recently been made in measuring the mid-IR luminosity
of galaxies over an impressive range of parameter space. An empirical trend of
decreasing mid-IR luminosity with decreasing metallicity has now been well
established. Further, a ‘transition metallicity’ has been identified where a
drastic shift occurs in the relative mid-infrared contributions from hot dust
continuum and polycyclic aromatic hydrocarbons (PAHs). However, we have not yet
pinpointed the physical processes responsible for this shift. We know that the
strength of mid-IR emission is dependent on a galaxy’s underlying dust and PAH
content, as well as the ability of these components to be individually
stimulated into emission, destroyed, and regrown through different physical
processes in the ISM. However, the conditions regulating these processes remain
highly unconstrained. To place strict constraints on the conditions regulating
both hot dust and PAH emission we propose Spitzer/IRS spectral mapping of three
nearby star-forming irregular galaxies. We will measure the relative strengths
of hot dust and PAH emission with resolution on unprecidented spatial scales (70
pc). Our sample of metal-poor targets are the closest systems in which we can
investigate the empirical transition where PAHs go from dominating the mid-IR
flux to being completely absent, providing the conditions required to understand
the physical processes responsible for this transition. In combination with a
comprehensive set of ancillary data, we will compare our spectral maps with
highly resolved stellar population data to precisely quantify the effects that
radiation field strength and hardness and history of supernova activity have on
dust and PAHs.

Spitzer Space Telescope — General Observer Proposal #40524

The AGB Star Census of Local Group Irregular Galaxies

Principal Investigator: Evan Skillman
Institution: University of Minnesota

Technical Contact: Evan Skillman, University of Minnesota

Co-Investigators:
Dale Jackson, University of Minnesota
Robert Gehrz, University of Minnesota

Science Category: local group galaxies
Observing Modes: IracMap
Hours Approved: 2.2

Abstract:

Studies of the resolved stellar populations of nearby galaxies provide very
strong constraints on their evolutionary histories. Because these are the most
secure of all galaxy evolution studies, they represent a calibration of
high-redshift investigations where the stellar populations are not resolvable.
This work has typically been done at optical wavelengths, and therefore, is
biased against very red and highly extincted objects. For example, AGB stars,
which are important tracers of the intermediate age evolution of galaxies and
are also important contributors to their chemical evolution, are incompletely
sampled in typical optical studies, due to extinguishing material expelled by
winds late in their evolution. Prior to Spitzer, infrared observations of low
surface brightness galaxies were virtually impossible, but our Spitzer/IRAC
pilot program imaging Local Group dwarf irregular galaxies has demonstrated that
infrared studies of the resolved stellar populations in these galaxies are now
available. These observations, in combination with ground based and HST optical
imaging, confirm that optical studies do present a highly biased view of the
stellar populations in nearby galaxies. These observations also provide the
first direct measurement of AGB mass—loss in environments very different from
the Milky Way, placing strict constraints on the role metal abundance plays on
the physics governing the late stages of stellar evolution. Here we propose to
extend our pilot study to a much broader range of parameter space, completing
our IRAC investigation of the evolved stellar populations in Local Group star
forming dwarf galaxies.
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Spitzer Space Telescope — General Observer Proposal #50141

Connecting the Dots: IRS 16 Micron Imaging of AGB Stars and ISM Dust in Low
Metallicity Local Group Dwarf Galaxies

Principal Investigator: Evan Skillman
Institution: University of Minnesota

Technical Contact: Martha Boyer, University of Minnesota

Co-Investigators:

Martha L. Boyer, University of Minnesota
John M. Cannon, Macalester College

Jacco Th. van Loon, Keele University
Robert D. Gehrz, University of Minnesota

Science Category: local group galaxies
Observing Modes: IrsPeakupImage
Hours Approved: 21.4

Abstract:

Through a combination of GO and GTO programs, we have obtained IRAC and MIPS
imaging of 15 gas-rich Local Group dwarf galaxies. These data have allowed us to
produce a complete census of asymptotic giant branch (AGB) stars in these
galaxies and to measure the strength and spatial distribution of polycyclic
aromatic hydrocarbon (PAH)s, warm dust, and cold dust emission. We have also
identified the most extreme mass—losing AGB stars in the same 15 galaxies. The
IRAC and MIPS data sets are complementary to each other, but the factor of three
gap in wavelength between 8 and 24 microns leaves considerable uncertainty in
the AGB and ISM spectral energy distributions (SEDs). We propose to complete the
SEDs with IRS peak-up imaging at 16 microns, a wavelength that is crucial for
understanding the PAH and small grain contribution to ISM dust and for
determining the characteristics of AGB circumstellar dust and AGB mass-loss
rates. Since the galaxies in our sample span over 1 dex in metallicity, the
proposed observations will enable us to better study both AGB mass loss and PAH
and small grain emission as a function of metallicity at very low metal
abundance. Because the low metallicity environments of these dwarf galaxies are
similar to those of galaxies at high redshift, these observations will help us
to better interpret observations of high redshift star formation and dust
production. Similar observations are not currently possible with any facility
other than Spitzer and will not be possible with any planned future infrared
missions, making Spitzer cycle-5 the final opportunity to f£ill this gap in our
knowledge. These observations will be the only complete near— to far—-infrared
observations of resolved dwarf galaxies for considerable time into the future,
and the resulting database will leave a valuable Spitzer legacy.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50240

The SMC as a probe of dust in the early Universe (GTO)

Principal Investigator: Greg Sloan
Institution: Cornell University

Technical Contact: Greg Sloan, Cornell University

Co-Investigators:

Jeronimo Bernard-Salas, Cornell Univ.

Robert Blum, NOAO

Alberto Bolatto, Univ. of Maryland

Caroline Bot, Caltech

Martin Cohen, Univ. of California at Berkeley
Karl Gordon, STScI

Joseph Hora, Harvard-Smithsonian CfA

Remy Indebetouw, Univ. of Virginia

Luke Keller, Ithaca College

Kathleen Kraemer, Air Force Research Laboratory
Eric Lagadec, Manchester Univ.

Vianney Lebouteiller, Cornell Univ.

Aigen Li, Univ. of Missouri

Sue Madden, CEA/Saclay

Massimo Marengo, Harvard-Smithsonian CfA
Mikako Matsuura, NAO of Japan

Franciska Markwick-Kemper, Manchester Univ.
Margaret Meixner, STScI

Joana Oliveira, Univ. of Keele

Karin Sandstrom, Univ. of California at Berkeley
Marta Sewilo, STScI

Josh Simon, Caltech

Angela Speck, Univ. of Missouri

Alexander Tielens, NASA Ames Research Center
Schuyler van Dyk, SSC/Caltech

Jacco van Loon, Univ. of Keele

Kevin Volk, Gemini Observatory

Peter Wood, Australian National Univ.

Albert Zijlstra, Manchester Univ.

James Houck, Cornell Univ.

Science Category: local group galaxies
Observing Modes: IrsMap IrsStare MipsSed
Hours Approved: 62.0

Abstract:

We propose a comprehensive spectroscopic survey of the Small Magellanic Cloud
(SMC), using the IRS and MIPS-SED. The SMC has a metallicity similar to
high-redshift galaxies, and its proximity makes it a spatially resolved proxy
for star-forming galaxies in the distant, early Universe. The sensitivity of the
Spitzer Space Telescope allows us to to observe dust in nearly every stage of
its life cycle in the SMC so that we can study how the interactions of dust and
its host galaxy differ from more metal-rich systems like the Galaxy and the LMC.
Our proposed observations concentrate on important classes underrepresented in
the archive of SMC spectra such as young stellar objects, compact H II regions,
objects in transition to and from the asymptotic giant branch, and supergiants.
These observations, in combination with those already in the archive, will give
us a complete picture of the dust in a metal-poor star—-forming galaxy similar to
those in the early Universe. We request 116 hours, 62 as IRS GTO time and 54 as
GO time.

Thursday March 25, 2010

xgal_covers.ixt

24/371



Printed_by_SSC

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 49/742 Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 50/742
Spitzer Space Telescope — General Observer Proposal #20443 Spitzer Space Telescope — Legacy General Observer Proposal #40159
Magellanic Cloud Planetary Nebulae: probing the effects of metallicity on dust SAGE-Spectroscopy: The life cycle of dust and gas in the Large Magellanic Cloud

formation, mass-loss, and evolution.
Principal Investigator: Alexander Tielens
Principal Investigator: Letizia Stanghellini Institution: NASA Ames Research Center
Institution: National Optical Astronomical Observatory
Technical Contact: Ciska Markwick-Kemper, U. of Manchester
Technical Contact: Letizia Stanghellini, NOAO
Co-Investigators:

Co-Investigators: Jean—-Philippe Bernard, CESR, Toulouse
Pedro Garcia-Lario, ESA/VILSPA Robert Blum, NOAO
Eva Villaver, STScI Martin Cohen, UC-Berkeley
Jose Vicente Perea, ESA/VILSPA Catharinus Dijkstra, unaff.
Richard A. Shaw, NOAO Karl Gordon, U. Arizona
Arturo Manchado, IAC Varoujan Gorjian, NASA-JPL
Jason Harris, U. Arizona

Science Category: local group galaxies Sacha Hony, CEA, Saclay

Observing Modes: IrsStare Joseph Hora, CfA-Harvard

Hours Approved: 14.8 Remy Indebetouw, U. Virginia

Eric Lagadec, U. of Manchester

Abstract: Jarron Leisenring, U. of Virginia
Planetary nebulae (PNe) in the Magellanic Clouds (LMC, SMC) offer a unique Suzanne Madden, CEA,Saclay
opportunity to study both the population and evolution of low- and Massimo Marengo, CfA-Harvard
intermediate-mass stars in an environment which is free of the distance scale Mikako Matsuura, NAO, Japan
bias that hinder Galactic PN studies. At the same time, LMC and SMC PNe cover a Margaret Meixner, STScI
wide metallicity baseline. Their progenitors might have metallicity from nearly Knut Olsen, NOAO
equal to less than a tenth of Galactic PN progenitors. Such properties make the Roberta Paladini, IPAC/Caltech
Magellanic Cloud PNe the ideal probes to study the effects of progenitor Deborah Paradis, CESR, Toulouse
metallicity in the cosmic recycling. The emission shown by PNe in the 5-40 William T. Reach, IPAC/Caltech
micron range is characterized by the presence of a combination of solid state Douglas Rubin, CEA, Saclay
features (from the dust grains) and nebular emission lines over—imposed on a Marta Sewilo, STScI
strong dust continuum. We propose to acquire low resolution IRS spectroscopy of Greg Sloan, Cornell
a selected sample of LMC and SMC PNe whose morphology, size, central star Angela Speck, U. Missouri
brightness, and chemical composition are known. We propose to: i) determine the Sundar Srinivasan, Johns Hopkins U.
dominant chemistry (C-rich vs. O-rich) of the PN dust through the study of the Schuyler Van Dyk, Spitzer Science Center
solid state features, with the ultimate goal of evaluating the dust formation Jacco van Loon, U. of Keele
efficiency versus metallicity; ii) establish connections between chemistry, Uma Vijh, STSci and U. of Toledo
morphology, and evolutionary stage of the PNe; iii) test the current models of Kevin Volk, Gemini Observatory
stellar evolution at various initial metallicities, comparing predicted Barbara Whitney, Space Science Institute
composition of the dredged-up material and observed composition in the PNe as a Albert Zijlstra, U. of Manchester
function of the mass of the progenitor star; iv) recover the AGB mass loss
history from the analysis of the overall spectral energy distribution; v) Science Category: local group galaxies
determine the contribution of the infrared to the total PN luminosity. Observing Modes: IrsMap IrsStare MipsSed

Hours Approved: 224.4

Abstract:

Cycling of matter between the ISM and stars drives the evolution of a galaxy’s
visible matter and its emission characteristics. To understand this recycling,
the SAGE legacy project has surveyed the Large Magellanic Cloud with IRAC and
MIPS to study the physical processes of the ISM, the formation of new stars and
the injection of mass by evolved stars and their relationships on the
galaxy-wide scale. Due to its proximity, favorable viewing angle, and
multi-wavelength information, the LMC is uniquely suited to survey the agents of
a galaxy’s evolution, the ISM and stars. We propose to leverage the SAGE legacy
program to conduct a comprehensive IRS and MIPS-SED spectroscopy program of dust
with the goal to determine the composition, origin, evolution, and observational
characteristics of interstellar dust and its role in the LMC. Analysis of the
spectra will yield composition and abundance of the dust compounds in different
LMC objects, including AGB stars, post-AGB, young stellar objects, HII regions
and the general diffuse ISM and provide a quantitative picture of the dust
lifecyle. Besides dust features, the spectra will also contain molecular and
atomic emission and absorption lines, providing the diagnostics to determine
physical parameters such as temperature, density and radiation field - all
important to the formation and processing of dust, and understanding the life
cycle of matter. The proposed spectroscopic survey will provide critical
underpinning for the SAGE survey by linking observed IRAC and MIPS colors of LMC
objects to the infrared spectral type of the object. We will to the maximum
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extent utilize the LMC spectroscopy available in the Spitzer archive. A subset
of the IRS point sources from this proposal will also be surveyed in MIPS SED.
Legacy data products that will be made available to the public include all
reduced single point spectra and data cubes, feature maps, a spectral catalog,
and a fully classified SAGE point source catalog.

Spitzer Space Telescope — General Observer Proposal #20608

The Dust Condensation Sequence at Low Metallicity: AGB Stars in NGC 6822

Principal Investigator: Schuyler Van Dyk
Institution: Spitzer Science Center

Technical Contact: Schuyler Van Dyk, Spitzer Science Center

Co-Investigators:

Franciska Kemper, U. Virginia
Toshiya Ueta, NASA Ames
Margaret Meixner, STScI
Angela Speck, U. Missouri
Ryszard Szczerba, NCAC, Torun
Els Peeters, NASA Ames

Science Category: local group galaxies
Observing Modes: IrsStare
Hours Approved: 32.0

Abstract:

We will study the formation and processing of dust around carbon- and
oxygen-rich evolved stars in the Local Group dwarf galaxy NGC 6822. Dust
condensation may depend heavily on the metallicity, although the effect is
currently unknown. From current condensation theories it may be expected that:
1) the total condensed dust mass is lower, 2) there will be more simple oxides
and less silicates, 3) the degree of crystallinity will be lower for the
silicates. We propose to conduct IRS low-resolution observations to study dust
properties, such as composition, grain size and shape and the dust mass
distribution, to validate current condensation models. We have selected a sample
of 20 asymptotic giant branch stars, based on a bandmerge of recent deep near-—
infrared and extractions from Spitzer SINGS IRAC mid-infrared images of the
galaxy. To our knowledge, this will be the first time such evolved stars have
been observed spectroscopically in NGC 6822. We will compare the results here to
those for stars in the Galaxy and the Magellanic Clouds. Building an
understanding of the dust condensation sequence at low metallicities will
improve our understanding of dust formation in general, and will provide the
ability to use grain properties and dust composition as a tool to trace physical
conditions in nearby galaxies.
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Spitzer Space Telescope — General Observer Proposal #3280

Stellar—-Nebular Feedback in Galaxian Starbursts: IR Spectral Imaging of HII
Regions in M33

Principal Investigator: William Waller
Institution: Tufts University

Technical Contact: William Waller, Tufts University

Co-Investigators:

Robert Gehrz, University of Minnesota

Roberta Humphreys, University of Minnesota

Bernhard Brandl, Cornell University

Paul Hodge, University of Washington

Francois Boulanger, Institut d'Astrophysique Spatiale
Elisha Polomski, University of Minnesota

Steven Willner, Harvard-Smithsonian Center for Astrophysics
Donald Garnett, University of Arizona

Other GTO#5 Gehrz_team members, University of Minnesota
Myung Gyoon Lee, Seoul National University

Eric Murphy, Yale University

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 10.7

Abstract:

We propose a spectrophotometric investigation of starburst activity in the Local
Group galaxy, Messier 33. By observing 7 selected giant HII regions that span a
decade in metallicity, we will test the generic relationships between the
ionizing stellar populations (previously observed with HST), the
photo-dissociation regions (PDRs), and their associated dust content. We are
especially interested in determining whether the observed variations in the
stellar IMFs correlate with variations in the PDRs. We will use the IRS to
obtain fully-sampled spectral maps of the 7 selected HII regions at 5.2 ==> 14.5
microns. The resulting datacubes will contain abundant spatial and spectral
information on the molecular and dust content in the PDRs. This research program
—— in close coordination with complementary GTO programs #5 and #63 —— will
provide important benchmarks for interpreting starburst activity on many scales
and over many epochs.

Spitzer Space Telescope — General Observer Proposal #30383

IRS Mapping of Three LMC Supernova Remnants and Their Surroundings

Principal Investigator: Rosa Williams
Institution: University of Illinois at Urbana-Champaign

Technical Contact: Rosa Williams, UIUC

Co-Investigators:

You-Hua Chu, University of Illinois at Urbana-Champaign
Robert Gruendl, University of Illinois at Urbana—Champaign
Gary Ferland, University of Kentucky

Science Category: local group galaxies
Observing Modes: IrsMap
Hours Approved: 32.2

Abstract:

Supernova SNRs (SNRs) play a significant role in dust production in the
interstellar medium (ISM). Dust, in turn, is an important factor in cooling the
hot plasma in SNRs. To investigate dust properties in SNRs, we used IRAC and
MIPS images of 6 SNRs in the Large Magellanic Cloud (LMC), and found them to be
line-dominated, with little evidence for continuum emission. This is surprising,
as we expect significant continuum emission from hot dust. Its absence would
raise questions about previous studies with dust properties inferred from
broad-band IR emission, and would also raise the issue of whether dust is
actually destroyed or persists in cold clumps. We propose to spectrally map 3 of
these LMC SNRs and their surroundings. The small angular size of LMC SNRs allows
complete coverage of each SNR (not possible for Galactic SNRs). Each of our
selected SNRs is in a different environment: N49 interacts with a molecular
cloud; N63A is embedded in an HII region; and N11L is on the edge of an HII
complex. We will use the background-subtracted, spatially-mapped spectra to:

(a) search for continuum emission from hot dust, (b) quantify the flux
contribution from line emission to place upper limits on continuum flux, (c)
compare emission from the SNR to its environment, (d) establish upper limits for
PAH bands, (e) use diagnostic lines to infer physical properties in SNR regions,
and (f) model dust and line emission from SNRs for comparison with these
spectra. The results will show whether continuum emission is significant in any
region of each SNR, and if so, how that emission is distributed spatially over
the SNR. If we cannot detect continuum emission in the SNRs, our examination of
the surroundings will allow us to establish whether dust is present in the
environment, and perhaps destroyed in the SNRs. Or, if we can detect and
quantify continuum contributions in these SNRs, we will be able to use dust
models to describe such features as the mass, grain distribution, and
temperatures of dust.

Thursday March 25, 2010

xgal_covers.ixt

27/371



Printed_by_SSC

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 55/742

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 56/742

Spitzer Space Telescope — Directors Discretionary Time Proposal #263

IRS DDT Spectra of LMC 2005

Principal Investigator: Charles Woodward
Institution: Univ. Minnesota

Technical Contact: Charles Woodward, Univ. Minnesota

Science Category: local group galaxies
Observing Modes: IrsStare
Hours Approved: 1.5

Abstract:

Infrared (IR) observations of galactic classical novae (CN) have established the
ir importance for understanding the formation of astrophysical grains, and as
contributors to abundance anomalies in the interstellar medium (ISM) on local
scales. Studies of abundances in nova ejecta also provide information about
nucleosynthesis in the white dwarf (WD) progenitor and in the thermonuclear
runaway (TNR) during a nova explosion. However, the infrared study of novae in
external galaxies, such as the Magellanic Clouds (MC), is an observational
challenge. We propose to obtain DDT IRS observations of the newly discovered
(2005 Nov. 26.164 UT, V = 12.6) LMC nova (Liller, IAUC 8635). This opportunity
affords the first investigation of an extragalactic nova with Spitzer in a
system with lower metallicity. The IRS 5 to 40 micron wavelength regime contains
forbidden lines from heavy elements that are useful for excitation and abundance
studies. Continuum emission and broad features at these wavelengths provide
information about dust. The determination of the elemental abundances from a CN
is of extreme importance in understanding the evolution of the nova explosion
and chemical evolution of the ISM. Our proposed Spitzer (+IRS) DDT observations
of nova LMC 2005, combined with complementary ground-based and spacecraft data
(Swift) will enable determination of abundances in the ejecta in a Magellanic
Cloud nova (lower metallicty system). Such determinations are rare for
extragalactic events.

Spitzer Space Telescope — General Observer Proposal #30333

Dust Production in Local Group Dwarf Galaxies

Principal Investigator: Albert Zijlstra
Institution: University of Manchester

Technical Contact: Greg Sloan, Cornell University

Co-Investigators:

Peter R. Wood, Research School of Astronomy and Astrophysics, Aus
Greg C. Sloan, Department of Astronomy, Cornell University

Martin A.T. Groenewegen, Instituut voor Sterrenkunde, K.U. Leuven
Jacco Th. van Loon, Astrophysics Group, School of Physical & Geographi
Jeronimo Bernard-Salas, Department of Astronomy, Cornell University
Joris A.D.L. Blommaert, Instituut voor Sterrenkunde, K.U. Leuven
Maria—-Rosa Cioni, Institute for Astronomy, University of Edinburgh,
Daniel Devost, Department of Astronomy, Cornell University

Michael W. Feast, Astronomy Department, University of Cape Town
Harm Habing, Sterrewacht Leiden, Niels Bohrweg 2

Sacha Hony, Instituut voor Sterrenkunde, K.U. Leuven

Eric Lagadec, University of Manchester, School of Physics & Astr
Cecile Loup, Institut d’Astrophysique de Paris

Mikako Matsuura, Department of Pure and Applied Physics, The Queen’
John W. Menzies, South African Astronomical Observatory

L. B.F.M Waters, Astronomical Institute, University of Amsterdam
Patricia A. Whitelock, South African Astronomical Observatory

Science Category: local group galaxies
Observing Modes: IrsStare
Hours Approved: 33.2

Abstract:

The superwind phase on the Asymptotic Giant Branch is a crucial ingredient of
stellar and galactic evolution. The superwind ejecta are responsible for much of
the interstellar hydrogen of evolved galaxies, and are a dominant contributor to
the dust input into the ISM. The superwind determines the final mass of stellar
remnants, and therefore affects, e.g., the type-I supernova rate. The
characteristics of the superwind are still very poorly known, especially at
non-solar metallicities. Spitzer has contributed a large and invaluable dataset
on Magellanic Cloud stars, measuring dust, molecular bands and allowing accurate
mass—loss measurements. We now propose to extend the (age, metallicity)
parameter range by observing a number of other Milky Way satellites. The carbon
stars in these galaxies trace an older population than the Magellanic Clouds,
and extend to much lower metallicities. They are therefore crucial to allow us
to extrapolate the Magellanic Cloud measurements to metal-poor environments. We
propose to acquire low-resolution spectra of stars in the Sagittarius dwarf
galaxy, Carina, Sculptor and Fornax. The selected stars range in metallicity
from -0.55 to -2.0, and in age from 5-8 Gyr. Two low-metallicity planetary
nebulae in these galaxies are also included. We will study the dust continuum,
dust minerals (SiC, MgS) and gas—-phase molecular bands (especially acetylene).
Mass loss rates will be determined using our dust models, and we will measure
the fractional abundances of amorphous carbon dust and SiC grains. Only Spitzer
can provide these crucial measurements of extra—-galactic AGB stars. The result
will be our first knowledge of mass loss efficiency, dust formation, and dust
abundances, at low to very low metallicities. These data are necessary to obtain
reliable models of mass loss and of stellar evolution.
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Spitzer Space Telescope — General Observer Proposal #50534

Dust Production in Type II SNe

Principal Investigator: Jennifer Andrews
Institution: Louisiana State University

Technical Contact: Jennifer Andrews, Louisiana State University

Co-Investigators:

Geoffrey Clayton, Louisiana State University

Karl Gordon, STScI

Ben Sugerman, Goucher College

Doug Welch, McMaster University

Margaret Meixner, STScI

Mike Barlow, University College London

Barbara Ercolano, Harvard Smithstonian Center for Astrophysics

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 4.8

Abstract:

Recent detection of large amounts of dust in high redshift galaxies has led to
an increased interest in the importance of Type II supernovae (SNe) as dust
producers. The dust in high-z galaxies must come from young, massive stars, so
Type II SNe are one of the few possible sources. We propose to observe three
very bright Type II SNe (SN 2007it, 2007oc and 2007o0d) in nearby galaxies. The
ages of these SNe mean that they will be perfectly timed to be in their dust
formation phases during Cycle 5. Three observational signatures of this dust
formation can be seen, a decrease in the continuum brightness in the visible, a
developing infrared excess, and asymmetric, blue-shifted emission-line profiles.
We are already planning photometric and spectroscopic observations of these SNe
with Gemini and SMARTS, but observations of the IR emission are needed to
confirm that dust formation has occurred. These three indicators usually appear
around 300-600 days after the SN explosion, when the brightness of the SN has
diminished considerably. Fortunately, these three SNe are all unusually bright,
allowing us a rare opportunity to follow them through and beyond their dust
formation phases. With Spitzer, we will be able to carefully study the IR
emission, and together with the Gemini and SMARTS data, we may be able to double
the number of Type II SNe known to have shown all three dust formation
signatures. This increased sample size will help answer what fraction of Type II
SNe produce dust, how much dust they produce, and what conditions of the SNe
ejecta affect the dust formation. These estimates will put strong constraints on
the formation of dust seen in young, high redshift galaxies.

Spitzer Space Telescope — General Observer Proposal #40142

Resolving the cooling in the powerful H2 emitting shock in Stephan’s Quintet

Principal Investigator: Philip Appleton
Institution: California Institute of Technology

Technical Contact: Philip Appleton, California Institute of Technology

Co-Investigators:

Kevin Xu, NHSC-Caltech

William Reach, Planck Science Center—Caltech

Francois Boulanger, Institut d’Astrophysique de Paris
Patrick Ogle, SSC-Caltech

Pierre-Alain Duc, CEA-Saclay

Nanyao Lu, NHSC-Caltech

Richard Tuffs, MPI-Heidelberg

Cristina Popescu, MPI-Heidelberg

Min Yun, UMASS

Guillaume Pineau des Forets, Institut d’Astrophysique-Paris

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap IrsPeakupImage IrsStare MipsPhot
Hours Approved: 32.5

Abstract:

Recent Spitzer observations have discovered a potentially important new class of
galaxy system in which a significant fraction of the bolometric luminosity from
the system arises in the Mid-IR emission lines of molecular hydrogen. This
emission is thought to arise in large-scale shocks. We propose to study the
nearest and best-studied example of this effect which arises in a group-wide
shock wave in Stephan’s Quintet. The shock-wave, which extends for over 1
arcminute throughout the intragroup medium, is believed to be the result of a
~1000 km/s collision between an infalling galaxy and the group. Previous limited
Spitzer IRS observations by our team showed extremely strong, unusually broad
emission lines of the H2 and almost nothing else. The discovery of such powerful
emission from a high-velocity shock was unexpected because of the fragile nature
of the H2 molecule, and yet numerous examples are being discovered at higher
redshift in other group and cluster environments. We propose to critically test
new models of the process which might give rise to powerful H2 emission in the
cooling layer behind a shock. By taking advantage of the large angular size of
the giant X-ray shock we can map both the H2 excitation temperature and dust
SEDs over the shocked region. Our proposed observations will help us isolate the
most important model parameters that are needed to explain the extreme
luminosities being emitted during the cooling of H2. Such models are necessary
if we are to make progress understanding these ultra-powerful H2-emitting
galaxies at higher redshift.
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Spitzer Space Telescope — General Observer Proposal #3333

Supernovae and the Origin of Dust in Galaxies

Principal Investigator: Michael Barlow
Institution: University College London

Technical Contact: Michael Barlow, University College London

Co-Investigators:

Janet Bowey, University College London

Geoffrey Clayton, Louisiana State University

Martin Cohen, University of California, Berkeley

Ethan Deneault, Clemson University

Joanna Fabbri, University College London

Tim Gledhill, University of Hertfordshire

Karl Gordon, Steward Observatory, University of Arizona
Margaret Meixner, Space Telescope Science Institute
Nino Panagia, Space Telescope Science Institute

Angela Speck, University of Missouri

Ben Sugerman, Space Telescope Science Institute
Alexander Tielens, University of Groningen

Douglas Welch, McMaster University

Michael Wolff, Space Science Institute, University of Colorado
Albert Zijlstra, UMIST, Manchester

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 9.3

Abstract:

We propose to use IRAC and MIPS to carry out a sensitive mid-IR survey for
thermal dust emission from 30 nearby extragalactic supernovae (SNe) discovered
between April 1999 and January 2004. The goal is to find evidence for dust
formation and spectral evolution in the SN ejecta and to determine the masses of
dust that have been formed, in order to quantify for the first time the
contribution by SNe to the dust cycle of galaxies. Our estimates for the mid-IR
brightnesses of our targets are conservatively based upon SN 1987A, which formed
modest amounts of dust and whose emission peaked in the mid-IR. For each target
we will use an IRAC AOR of 1574s, yielding 600s per pixel in all four bands,
together with a MIPS 24-micron AOR of 2639s, yielding an exposure time per pixel
of 2*1088s. The IRAC and MIPS observations will yield comparable image fov’'s of
5x5 arcmin. The IRAC observations are capable of detecting SN1987A-type events
between 3.6 and 8.0 microns to distances of up to 25 Mpc, while the MIPS
observations could detect SN 1987A at 24 microns out to distances of 15 Mpc.

The 30 SNe that have been selected have distances of less than 25 Mpc and
consist of 23 massive-star SNe (16 Type II, 7 Type Ib/c) and 7 low-mass Type Ia
SNe. The 28 IRAC and MIPS fields needed to cover the 30 SNe require a total of
32.8 hours of observing time. Our team comprises experienced IR observers,
together with experts on supernovae, dust grain characteristics, and mass loss
from evolved stars, The team members have extensive accumulated experience in
the analysis of thermal IR spectra to derive the properties and masses of
emitting dust and have available to them several state—-of-the-—art dust radiative
transfer codes, including ones developed by members of the team. We have an
approved high-priority 2004/5 8-m Gemini programme, to obtain high angular
resolution mid-IR imaging of recent SNe, which will enhance and complement the
current proposal.

Spitzer Space Telescope — General Observer Proposal #30720

The Red Halos of Blue Compact Galaxies — Constraining the Dust Content.

Principal Investigator: Nils Bergvall
Institution: Uppsala Astronomical Observatory

Technical Contact: Nils Bergvall, Uppsala Astronomical Observatory

Co-Investigators:

Thomas Marquart, Uppsala Astronomical Observatory

Erik Zackrisson, Uppsala Astronomical Observatory

Goran Ostlin, Stockholm Observatory

Matthew Hayes, Stockholm Observatory

Eija Laurikainen, Astronomy, Dept. of Physical Sciences, University
Genoveva Micheva, Uppsala Astronomical Observatory

Kjell Olofsson, Uppsala Astronomical Observatory

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 8.2

Abstract:

The halos of BCGs play a crucial role in the understanding of the star formation
history of BCGs and provide unique information about the starburst host. We
intend to investigate the outer regions of a sample of luminous Blue Compact
Galaxies (BCGs) that show a red color excess in our previous deep optical and
near-IR data. These colours have been compared to spectral evolutionary models
and found to be inconsistent with an expected old metal poor stellar population.
Possible models for the excess include reddening by a dusty circumgalactic
shell. We propose to use Spitzer to test this option in a search for cold dust
at 70 and 160 micron in 5 BCGs. For comparison we will also observe 7 starburst
host galaxy and postburst candidates for which we recently obtained deep
optical/near—IR photometry. In addition, we propose to use IRAC to search for
excess emission from hot circumstellar dust from late type stars in halos of two
of the BCGs.
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Spitzer Space Telescope — General Observer Proposal #40132

Dust in the Extremely Metal Poor Galaxy IZwl8

Principal Investigator: Alberto Bolatto
Institution: University of California, Berkeley

Technical Contact: Alberto Bolatto, University of California, Berkeley

Co-Investigators:

Adam Leroy, Max Planck Institute for Astronomy - Heidelberg
Fabian Walter, Max Planck Institute for Astronomy - Heidelberg
John Cannon, Wesleyan University

Karin Sandstrom, U.C. Berkeley

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 8.0

Abstract:

I1Zwl8, with one of the lowest nebular metallicities measured to date
(12+log(0/H)=7.2), is perhaps the most important link between primitive galaxies
in the local universe and distant primeval sources. It is also the touchstone of
any theory relating galaxy properties to metallicity. Existing archival MIPS
observations were unsuccessful at detecting IZwl8 at 160 um, but detected it at
70 um. We propose to obtain multiepoch deep MIPS observations at these
wavelengths, designed to provide an order of magnitude better sensitivity than
currently available. With a very modest investment of time, we will be able to
measure the dust mass of this galaxy and determine its dust-to-gas ratio. If
these observations resolve the extended atomic envelope of IZwl8 we will be able
to constrain the molecular gas content of this galaxy, and study the
relationship between molecular gas and star formation at the lowest
metallicities, providing valuable insights into star formation in the primitive
universe.

Spitzer Space Telescope — General Observer Proposal #3605

Molecular Gas in IR-Bright Galaxies: Masses and Physical Conditions

Principal Investigator: Charles Bradford
Institution: Jet Propulsion Laboratory, California Institute of

Technical Contact: Charles Bradford, JPL

Co-Investigators:

Colin Borys, California Institute of Technology

John-David Smith, Steward Observatory, University of Arizona
Thomas Phillips, California Institute of Technology

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 15.7

Abstract:

We propose a program of mid-infrared and submillimeter spectroscopy of molecular
gas probes in a sample of 24 IR-bright galaxies. We will combine Spitzer
observations of the pure rotational transitions of molecular hydrogen with
observations of optically-thin CO isotopes only possible with sensitive
receivers at the Caltech Submillimeter Observatory (CSO). The two measurements
are complementary, and the combination with existing datasets will allow
estimates of total molecular gas mass and the run of temperature with mass in
its warm components. The results will test theories of gas heating and cooling
and star formation in massive dusty galaxies, and guide extrapolations to the
more distant ULIGs and the high-redshift submillimeter galaxy popluation. Our
sample is carefully selected from the much larger Submillimeter Local Galaxy
Sample (SLUGS), and benefits from ongoing spectral and continuum observations
which will benefit our analysis.
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Spitzer Space Telescope — General Observer Proposal #50114

Infrared-Bright Interacting Galaxies: From Molecular Gas to Stars to Black Holes

Principal Investigator: Charles Bradford
Institution: Jet Propulsion Laboratory, California Institute of

Technical Contact: Eric Murphy, Yale University

Co-Investigators:

Eric Murphy, IPAC

Charles (Darren) Dowell, JPL
J.D. Smith, Arizona / U. Toledo

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap IrsStare
Hours Approved: 38.0

Abstract:

We propose to map the mid?IR spectral features in 5 nearby IR?bright interacting
galaxy pairs. Galaxy?galaxy interactions are known to be associated with large
IR luminosities and massive molecular gas reservoirs. With ISO and Spitzer
demonstrating that the sources producing the cosmic far?IR background (FIRB) are
similar to our local LIRGS but at redshifts 0.5?2, it is becoming clear that
interactions are a prime driver of galaxy evolution, and may have triggered the
bulk of the star formation and AGN activity in the history of the Universe. The
details of the process, however, remain poorly understood. In many cases, energy
release is triggered several kpc from either galactic nucleus, where giant
molecular clouds of the two galaxies impinge. Other evidence suggests that
interactions funnel gas to the nuclei to feed black holes and/or trigger nuclear
star formation. To study the processes at work in local analogues of the FIRB
sources, we propose a spatially-resolved study in a sample of LIRG-class,
IR-bright, interacting systems. We combine mid-IR imaging spectroscopy with
ground-based 350-micron imaging and mm-wave spectroscopy to probe all components
of the dust and interstellar gas. These long-wavelength tools are critical
because the traditional optical/near?IR probes are not reliable given the huge
extinction in these systems. Our low?res imaging data will provide maps of the
PAH & silicate features as well as the molecular hydrogen & nebular
fine?structure transitions. These probes will reveal the sites of energy
production, probe the conditions of embedded starbursts, and assess the role of
active nuclei. Mid-IR molecular hydrogen measurements combined with
comprehensive millimeter-wave spectroscopy will provide a complete census of all
phases of the molecular gas. Finally the 350-micron images of a larger sample,
including sources previously-observed with Spitzer, will provide a complete
spatially-resolved SED of the interacting systems, guiding the interpretation of
the mid-IR datasets.

Spitzer Space Telescope — General Observer Proposal #3535

The Ages and Mass Loss Rates of Elliptical Galaxies

Principal Investigator: Joel Bregman
Institution: Univerisity of Michigan

Technical Contact: Joel Bregman, Univerisity of Michigan

Co-Investigators:
Jesse Bregman, NASA-Ames Research Center
Pasquali Temi, NASA-Ames Research Center

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 12.8

Abstract:

The ages of elliptical galaxies are traditionally determined through absorption
line indices where investigators must contend with the age-metallicity
degeneracy and contamination by a few young stars. These studies result in a
wide range of mean ages, 2-18 Gyr, suggesting that many ellipticals are
relatively young, which has implications for models of elliptical galaxy
formation and evolution. An independent and possibly more powerful age
diagnostic for these galaxies is the collective mass loss rate of the stars,
since it decreases as age”-1.35. We can to determine the collective stellar mass
loss rate in a galaxy by measuring the silicate emission feature near 10um,
which is produced during stellar outflow in AGB stars. We detected this feature
in a few early-type galaxies with ISO, but with the IRS, we propose to measure
the silicate emission accurately and as a function of radius for a sample of 31
galaxies with the best available optical absorption line ages.
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Spitzer Space Telescope — General Observer Proposal #40714

The Intrinsic Luminosity of Ultraluminous X-Ray Sources

Principal Investigator: Joel Bregman
Institution: University of Michigan

Technical Contact: Joel Bregman, University of Michigan

Co-Investigators:
Jon Miller, University of Michigan
Jimmy Irwin, University of Michigan

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 4.9

Abstract:

Ultraluminous X-ray sources are non-nuclear sources in normal disk galaxies that
are second only to AGNs in point-source luminosity. These enigmatic objects are
either stellar mass black holes that are super-Eddington emitters, or
sub-Eddington emission from 1E3-1E4 Msolar black holes. The key to this debate
is whether the X-ray luminosity is indeed super—-Eddington for a 10 Msolar black
hole, or if it beamed and intrinsically much lower. X-ray spectral studies show
that much of the soft X-ray emission is absorbed by gas and dust, which will be
reemitted isotropically in the far-infrared. The ratio of the absorbed X-ray
luminosity to the FIR luminosity is a direct measure of the anisotropy of the
X-ray emission, and leads to a determination of the intrinsic luminosity of the
ULX. A weak detection for one nearby ULX from existing data suggests that the
X-ray emission is beamed and here we propose a much more sensitive IRAC and MIPS
study of this ULX in Holmberg IX as well as another nearby high luminosity ULX
in NGC 1313. These data will determine whether ULXs are sub—-Eddington or
super—-Eddington emitters.

Spitzer Space Telescope — General Observer Proposal #40810

Young or 0ld Elliptical Galaxies? A Conflict of Age-Dating Methods

Principal Investigator: Joel Bregman
Institution: University of Michigan

Technical Contact: Joel Bregman, University of Michigan

Co-Investigators:
Jesse Bregman, NASA-Ames Research Center
Pasquale Temi, SETI

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 7.7

Abstract:

We developed a stellar population age diagnostic from mid-IR spectra, because as
a population ages, the 10um silicate excess from stellar mass loss decreases
relative to the shorter wavelength continuum. Our IRS program showed that all 29
nearby ellipticals are old systems (10 Gyr), but our ages are in conflict with
the optical absorption line age determinations, which show a sizeable fraction
of these same galaxies to have ages of only 2-6 Gyr. Either result has important
implications for galaxy formation scenarios. However, one of these age-dating
schemes is seriously flawed, so here we test the mid-IR method to determine if
it is capable of correctly identifying an early-type galaxy with a known young
stellar component. We propose to observe a handful of the nearest E+A galaxies,
systems that had a major starburst during the past Gyr, but with no current star
formation. Not only will this provide a critical test of our age—-dating scheme,
it will be the first mid-IR spectra of this important class of galaxies.
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Spitzer Space Telescope — General Observer Proposal #50728

Hidden Star Formation in Elliptical Galaxies?

Principal Investigator: Jesse Bregman
Institution: NASA Ames Research Center

Technical Contact: Jesse Bregman, NASA Ames Research Center

Co-Investigators:
Joel Bregman, University of Michigan

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 13.1

Abstract:

In our Spitzer Cycle-1 study of normal early-type galaxies, we obtained low
resolution 5-21 um spectra that showed an old population with low mass stars
shedding gas as they evolve. Surprisingly, about a third of these galaxies also
showed forbidden line emission from NeIII (15.55 um) sometimes accompanied by
NeII (12.81 um) and/or SIII (18.7 um) lines (we did not observe using LL1l, so
did not have a chance to observe the SIII 33.5 um line). We see two likely
possible origins for the emission lines. The first scenario is that there is no
recent star formation, and all the heating comes from old stars (i.e., the cores
of planetary nebulae and post—-AGB stars), while in the second scenario, there
has been recent star formation and the ionizing radiation from these stars is
producing the observed line emission. In the first case, we expect the gas
density to be approx. 30-100 cm-3, while in the second case, the density could
be approx. 100x higher. Since the ratio of the SIII lines is sensitive to the
density in the range expected for these two cases, we propose to use the IRS
high resolution modes to measure the density in these galaxies, providing a
discriminator between these two possibilities. We will also obtain a good
measure of the hardness of the ionizing radiation by measuring the ratio of
NeIII/NeII. These data will lead to one of two results for normal ellipticals:
it will determine the duty cycle of star formation and the star formation rate;
or it will place a limit on the frequency of even low level star formation
activity.

Spitzer Space Telescope — General Observer Proposal #3419

Breaking the Age-Metallicity degeneracy in local early-type galaxies: clues
about the formation and evolution of spheroids.

Principal Investigator: Alessandro Bressan
Institution: INAF Padova Astronomical Observatory

Technical Contact: Pasquale Panuzzo, INAF Padova Astronomical Observatory

Co-Investigators:

Pasquale Panuzzo, Imperial College, UK & INAF Astronomical Observato
Roberto Rampazzo, INAF Astronomical Observatory of Padova, Italy
Lucio Buson, INAF Astronomical Observatory of Padova, Italy

Marcel Clemens, INAF Astronomical Observatory of Padova, Italy

Gian Luigi Granato, INAF Astronomical Observatory of Padova, Italy
Laura Silva, INAF Astronomical Observatory of Trieste, Italy

Luigi Danese, SISSA, Italy

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 23.0

Abstract:

We propose to obtain Spitzer IRS (SL1, SL2 and LL2) high signal to noise
(S/N~40) observations in the spectral region from 5.2 to 21.3 micron, of a
sample of early-type galaxies in Virgo cluster and in the field. We present a
new method that, fully exploiting the spatial resolution and sensitivity of
Spitzer Space Telescope, seeks for the signatures of younger and/or more metal
rich stellar populations, through the presence of the 9.7 micron silicate
feature of their Asymptotic Giant Branch (AGB) stars. By combining such
mid-infrared observations with optical observations, we are able to break the
"age-metallicity" degeneracy that affects any estimate of age and metallicity in
such galaxies. The 9.7 micron feature has been already detected by ISO in a few
early type galaxies -we show the case of NGC1399-, though without the required
spatial resolution and high signal to noise. We propose to apply this method to
early type galaxies populating two different environments: the Virgo cluster and
the local field. Spitzer Space Telescope will allow, for the first time, a
ranking of these galaxies in age and metallicity unbiased by the effect of
"age-metallicity" degeneracy, and thus will cast light on the processes of
formation of spheroids in these two markedly different environments.
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Spitzer Space Telescope — Archive Research Proposal #40773

Mapping Molecular Hydrogen Excitation and Mass in Nearby Galaxies from the SINGS
Archive

Principal Investigator: Gregory Brunner
Institution: Rice University

Technical Contact: Gregory Brunner, Rice University

Co-Investigators:

Reginald Dufour, Rice University
Kartik Sheth, Spitzer Science Center
Stuart Vogel, University of Maryland
Mark Wolfire, University of Maryland

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Dollars Approved: 96765.0

Abstract:

Molecular hydrogen (H2) is inherently connected with the evolution of a galaxy
through a variety of processes. In galaxies, H2 traces star formation in nuclear
regions, near the ends of bars in barred spirals, and along spiral arms where
star formation is triggered by the passage of a spiral density wave. The SINGS
legacy program has used the Spitzer Infrared Spectrograph (IRS) long-low module
(LL; 14 - 38 microns) in spectral mapping mode to map large strips across 65
galaxies ranging in Hubble type, star-formation rate, and nuclear activity. We
propose to use the SINGS LL data cubes to map the spatial distribution of warm
(T = 100 — 300 K) H2, traced by the H2 S(0) (28.2 micron) and H2 S(1) (17.0
micron) lines, in 18 SINGS galaxies that have also been observed in CO (J =1 -
0) emission through the Berkeley-Illinois-Maryland Array Survey of Nearby
Galaxies (BIMA SONG). We have developed unique software that creates spatially
resolved maps of extremely faint and blended spectral lines from Spitzer IRS LL
data cubes. Using our software, we propose to map H2 S(0) and H2 S(1) emission
across each galaxy and use these two lines to model variations in the H2
excitation and mass across each galaxy. We will distinguish the H2 excitation
mechanism as a function of position across each galaxy by comparing the H2 maps
to CO emission (from SONG) and maps of mid-infrared spectral diagnostics such as
the [0 IV](25.89 micron) line (a shock diagnostic) and the [S III](18.71
micron)—to—[S III](33.48 micron) line ratio (an HII region electron density
diagnostic). We will also compare H2 spatial variations to UV and optical
imagery (U, B, V, R, and H(alpha)) for additional insight into the H2 excitation
mechanisms and to correlate H2 properties with the ages, masses, and star
formation rates of stellar clusters and associations across the sample of SINGS
galaxies.

Spitzer Space Telescope — General Observer Proposal #3410

Impact of Young Star Clusters in Nearby Galaxies on the Local Interstellar
Medium as a Function of Age Using IRS Spectra

Principal Investigator: Brent Buckalew
Institution: California Institute of Technology

Technical Contact: Brent Buckalew, California Institute of Technology

Co-Investigators:
Henry Kobulnicky, University of Wyoming
Mark Wolfire, University of Maryland

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 5.1

Abstract:

We propose IRS-Stare short-low first order, long-low second order, and long-low
first order spectra of 16 individual young star clusters in 5 nearby galaxies to
study the local impact that these clusters have on their interstellar medium
(ISM) in terms of dust/PAH destruction or creation. Massive stars in these young
(0-10 Myr) star clusters drive a galaxy’'s evolution and determine the state of
its ISM. From the proposed spectra, we will determine: 1) when dust produced by
supernovae is prevalent in a cluster?s evolution, 2) how the dust/PAH mid-
infrared properties evolve over 3-10 Myr, and 3) if hot dust is responsible for
H-K color excesses observed in young star clusters. Our Spitzer results will aid
in the interpretation of dust found in low-metallicity high-redshift galaxies by
providing a timescale for dust infusion into the ISM and will provide an
evolutionary sequence of young star clusters based on their mid-IR spectra.

Thursday March 25, 2010

xgal_covers.ixt

35/371



Printed_by_SSC

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 71/742 Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 72/742
Spitzer Space Telescope — General Observer Proposal #20356 Spitzer Space Telescope — General Observer Proposal #20289
The Nearby and Extremely Metal-Poor Galaxy CGCG 269-049 Dust and Star Formation in Extreme Outer Disks: The Case of M83 (NGC5236)
Principal Investigator: David Burstein Principal Investigator: Daniela Calzetti
Institution: Arizona State University Institution: Space Telescope Science Institute
Technical Contact: David Burstein, Arizona State University Technical Contact: Daniela Calzetti, Space Telescope Science Institute
Co-Investigators: Co-Investigators:
Michael Corbin, Arizona State University Michael Regan, Space Telescope Science Institute
Luciana Bianchi, Johns Hopkins University, Dept of Phys & Astronomy
Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s) Gerhardt Meurer, Johns Hopkins University, Dept. of Phys. & Astrono
Observing Modes: IracMap IrsMap MipsPhot David Thilker, Johns Hopkins University, Dept. of Phys. & Astrono
Hours Approved: 8.8
Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Abstract: Observing Modes: IracMap
We propose to obtain IRAC and MIPS imaging and an IRS spectral map of the nearby Hours Approved: 2.6
(~ 2 - 3 Mpc) extremely metal-poor (12 + log(O/H) = 7.43) blue dwarf galaxy CGCG

269-049. This object offers an unprecendented opportunity to study an extremely
metal-poor galaxy at high spatial resolution, as it has a major axis of
approximately 40". Spitzer data will establish whether this object contains a
large amount of dust indicative of past episodes of star formation, which will
in turn indicate whether or not it is forming its first generation of stars.
The proposed observations will also establish whether, like some other blue
dwarf galaxies, CGCG 269-049 contains dust-obscured super star clusters that are
redistributing its flux to the mid-infrared. The IRS spectral map will reveal
any spatial variation in the properties of the galaxy'’s dust, such as
temperature, grain size, and the presence of PAHs. This will in turn aid in the
interpretation of the mid-IR spectra of more compact blue dwarf galaxies, whose
spectra represent their spatially-integrated emission.

Abstract:

The recent discovery by GALEX of extensive UV emission in the extreme outskirts
of local star-forming galaxies may challenge our current understanding of star
formation, of the modality for polluting the intergalactic medium, and of the
long-term impact of interactions. Further, the nature outer disk UV light is not
settled yet, as UV photons from the galaxy disk scattered by dust in the
outskirts may contribute to the observed radiation. Spitzer, with its wavelength
windows sensitive to both the low mass stars and the dust emission, has a unique
capability to address some of these fundamental questions. We propose IRAC
mapping of 2 regions in the extreme outer disk (>2 R_{opt}) of the nearby
star—-forming spiral M83 to: (1) investigate whether a fraction of the UV light
in those regions is due to dust scattering, and, via models, obtain a census of
the UV photons from the galaxy that are scattered and absorbed outside the
optically-bright disk; (2) derive masses and star formation rates for the
UV-bright knots associated with stellar populations, to obtain a census of the
current to past star formation and compare the observed mass distribution with
that of disk clusters; (3) constrain the presence and mass of star formation
older than ~100-300 Myr, which may provide a link to the past interaction of M83
with its companion. M83 is a prototype testbed for such study because of its
relative proximity, high star formation rate, presence of an H-alpha edge, and
large number of detected outer disk UV-bright knots. With a modest committment
of time, Spitzer will provide the first milestone for unraveling the properties
of the boundaries between galaxies and the intergalactic medium.
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Spitzer Space Telescope — General Observer Proposal #30753

Dust and Star Formation in the Extreme Outer Disks of Spiral Galaxies

Principal Investigator: Daniela Calzetti
Institution: Space Telescope Science Institute

Technical Contact: Daniela Calzetti, Space Telescope Science Institute

Co-Investigators:

Luciana Bianchi, Dept. of Physics and Astronomy, The Johns Hopkins
Rupali Chandar, Dept. of Physics and Astronomy, The Johns Hopkins
Robert Kennicutt, Institute of Astronomy, Cambridge University
Gerhardt Meurer, Dept. of Physics and Astronomy, The Johns Hopkins
Michael Regan, Space Telescope Science Institute

David Thilker, Dept. of Physics and Astronomy, The Johns Hopkins

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 6.7

Abstract:

The discovery by GALEX of extended UV emission in the extreme outskirts of local
star-forming galaxies challenges our current understanding of star formation, of
the modality for polluting the intergalactic medium, and of the long-term impact
of interactions. The nature of the outer disk UV light is unclear with possible
origins including in-situ star formation as well as dust-scattered photons
originating in the galaxy disk. Spitzer, with its wavelength windows sensitive
to both the low mass stars and the dust emission, has a unique capability to
address some of these fundamental questions. Building on the success of our
Cycle 2 pilot program on the UV-emitting outer regions of M83, we propose IRAC
imaging of regions in the extreme outer disks (> 1.5 R {opt}) of five nearby
star—-forming spirals. The five galaxies are a subsample of all the galaxies with
extended UV emission discovered by GALEX, selected to cover the full range of UV
morphologies and properties, including arm-interarm contrast and extended
emission in the presence/absence of H-alpha edges. With this varied sample we
plan to: (1) investigate whether a fraction of the UV light in those regions is
due to dust scattering, and obtain a census of the UV leakage from galaxy disks;
(2) derive masses for the UV--emitting knots associated with star formation and
compare this mass range with those of disk clusters; (3) investigate variations
in the properties of those extreme regions as a function of the parent galaxy'’s
characteristics. With a modest committment of time, Spitzer will provide a
milestone for unraveling the properties of these regions at the boundary between
galaxies and the intergalactic medium.

Spitzer Space Telescope — General Observer Proposal #30562

A Spitzer-MIPS Study of Extraplanar Dust in Spiral Galaxies

Principal Investigator: J. Christopher Howk
Institution: University of Notre Dame

Technical Contact: J. Christopher Howk, University of Notre Dame

Co-Investigators:
Nicolas Lehner, University of Notre Dame

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsScan
Hours Approved: 33.3

Abstract:

The gaseous thick disks of spiral galaxies are thought to be created and
supported by energetic feedback from massive stars. High resolution optical
continuum images of edge-on spirals have revealed an extensive web of hundreds
of dense, dusty clouds in the disk-halo interface of such galaxies. These
clouds, seen in ground-based and Hubble Space Telescope (HST) images, are found
at heights 0.4 < z < 1.5 kpc from the midplanes of half of all spirals in the
nearby universe, and their presence in the thick disks of galaxies is likely the
result of stellar feedback processes operating in the thin disks of these
systems. Each of these clouds has >10"5 to 10”6 solar masses of gas. Given their
large masses, these clouds may house regions of thick disk star formation in
galaxies, as evidenced by the presence of extraplanar H II regions in several
systems. H I and other tracers are known to extend to much larger heights, z~10
kpc and beyond, but optical searches are not sensitive to dust associated with
gas above z>1.5 kpc. We propose to obtain deep Spitzer—-MIPS maps of three
edge-on spiral galaxies in the nearby universe - NGC 4013, NGC 4631, and NGC
5775 — to study the distribution of dust in the thick disks of these systems.
We will use the proposed observations to: (1) determine the total vertical
extent of dust in these galaxies, including cold dust that may exist at very
large distances; (2) determine if the mixture of PAHs, very small grains, and
classical large grains changes as a function of height, as predicted by models
for creating thick gaseous disks in galaxies; and (3) determine the average
gas—to—dust ratio of the thick interstellar disks by comparison with H I
observations. We will use supplemental images acquired with the WIYN 3.5-m
telescope and WFPC2 and ACS imagers on HST to better understand the nature of
extraplanar dust and gas in galaxies.
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Spitzer Space Telescope — General Observer Proposal #30444

IRS Assessment of Star Formation and Galactic Evolution in Ellipticals with
resolved Cold ISM

Principal Investigator: Jacqueline Davidson
Institution: USRA

Technical Contact: Jesse Bregman, NASA Ames Research Center

Co-Investigators:
Lerothodi Leeuw, Rhodes University, South Africa
Jesse Bregman, NASA Ames Research Center

Science Category: Nearby Galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 11.7

Abstract:

We propose to use Spitzer—-IRS to measure the mid-IR spectral features of
polycyclic aromatic hydrocarbons (PAHs) and silicates from a sample of nearby,
elliptical galaxies. This sample of galaxies covers a range of merger tracers or
ages, and more importantly is a sample where recent observations have resolved
cold gas and dust emission. The emission from the cold ISM in these ellipticals
is more compact than their stellar distributions, and may imply star—formation
activity in these compact regions fueled by gas and dust externally accreted and
decoupled from the stellar components. Our primary aim with these Spitzer
observations is to obtain PAH and silicate, long-slit spectra that can be used
as an independent measure of the level and period of star-formation activity and
its spatial distribution within these galaxies. The secondary aim is to use the
IRS intensity and spatial data in comparison with the resolved cold gas and dust
images to gain more information about the nature and evolution of the dust in
the sparse ISM in these galaxies. The results will help assess the possibility
that these are elliptical galaxies with cold gas and dust and (subsequent) star
formation.

Spitzer Space Telescope — Directors Discretionary Time Proposal #234

The Supermassive Black Hole in Arpl02B

Principal Investigator: Harlan Devore
Institution: Cape Fear High School

Technical Contact: Ranga—Ram Chary, Spitzer Science Center

Co-Investigators:

Lauren Chapple, Traverse City East Junior High School
Howard Chun, Cranston High School

Doris Daou, Spitzer Science Center

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 0.5

Abstract:

Arpl02B is a radio-loud, Seyfert 1 galaxy located in the constellation Hercules
with a B-band magnitude of 15.2 mag. It has a redshift z = 0.024, giving it a
recessional velocity of 7250 km/s and a distance of about 99.1Mpc. At its core
is a low luminosity AGN with a black hole estimated to be ~108 solar masses.
Although there have been many radio, X-ray, UV, optical, and ground-based IR
studies of the Arpl02B nucleus, they have not converged to produce a single,
unified model for the nucleus. For example, Chen and Halpern (1989) used a
geometrically thin, optically thick accretion disk model to fit double-peaked
Balmer lines in the spectrum of Arpl02B. Sulentic (1998) suggested that a bicone
model would better fit the Fe K alpha lines in the x-ray spectrum. Korista
summarizes the current state of our understanding as follows: "Despite
significant progress, some fundamental issues relating to the geometry of the
broad line emitting gas remain unsolved. We do not know whether in general the
broad line region is composed of discrete clouds, winds, disks, or bloated
stellar atmospheres or a combination of these." (Strateva et al., 2003). We
believe that quality spectral data covering the IR spectrum may be the key to
resolving these differences and could lead to a unified model for this type of
AGN. Therefore, we propose to use Spitzer’s IRS instrument to obtain LH, SH, SL1
and SL2 spectral data of Arpl02's supermassive blackhole. With this data, we can
measure the mass of the black hole, analyze the geometry, composition, and
physical properties of the dust structure surrounding the black hole and reach
conclusions about the energy production mechanism(s) in the nucleus.
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Spitzer Space Telescope — Archive Research Proposal #20379

The Evolution of the 24 Micron Luminosity Function from Large Wide-field
Spectroscopic Samples of Spitzer Galaxies

Principal Investigator: Daniel Eisenstein
Institution: University of Arizona

Technical Contact: Daniel Eisenstein, University of Arizona

Co-Investigators:
Casey Papovich, University of Arizona

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Dollars Approved: 74722.0

Abstract:

We propose for archival funding to use existing deep, wide—area Spitzer imaging
to study the evolution in the low-redshift 24 micron luminosity function. Our
group has obtained the world’s largest sample of wide-field spectroscopy in
Spitzer fields through an ambitious survey with the Hectospec multi-fiber
spectrograph on the MMT. We have measured 1200 redshifts for 24 micron-selected
galaxies in the 4 sq. degree Spitzer First-Look Survey (FLS) field and 9000
galaxies in the 9 sq. degree NOAO deep-wide Bootes field (including 1000 24
micron-selected sources). The focus of this proposal is to study the local IR
luminosity function and its evolution to moderate redshifts using this large
spectroscopic data set combined with roughly 2000 SDSS spectra in fields of the
SWIRE Legacy survey. We will also use the spectroscopic dataset to study the 24
micron emission as a function of the optical rest-frame color and optical
luminosity. As a data product from this proposal, we will provide the full
spectroscopic catalog of redshifts for Spitzer—-selected sources in the FLS field
through the SSC (as well as electronic versions of peer-review journals) in time
to support the Spitzer CP-3, greatly increasing the archival value of the
Spitzer data before the end of the Spitzer mission.

Spitzer Space Telescope — General Observer Proposal #50234

MIPS Spectral Energy Distribution Observations of M82

Principal Investigator: Chad Engelbracht
Institution: The University of Arizona

Technical Contact: Chad Engelbracht, The University of Arizona

Co-Investigators:

Lee Armus, Spitzer Science Center

Caroline Bot, California Institute of Technology
Daniela Calzetti, University of Massachusetts
Daniel Dale, University of Wyoming

Bruce Draine, Princeton University

George Helou, Spitzer Science Center

Robert Kennicutt, University of Cambridge

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsSed
Hours Approved: 1.6

Abstract:

We propose to obtain new MIPS Spectral Energy Distribution (SED) observations
towards the nucleus of the starburst galaxy M82. M82 is a dwarf galaxy in the
M81 group hosting a strong burst of star formation in its center. It is also the
closest IR-bright starburst to our own Galaxy, and its proximity enables the
detailed investigation of the dust emission even with MIPS-SED. We will join our
data with existing IRS and other datasets to provide the most comprehensive
investigation of the dust emission in this starburst, and its relation to the
stellar populations that heat it. M82 is the template IR-bright starburst and a
benchmark for distant galaxies studies. We will obtain a small mapping
observation that is designed like the existing mapping observations made by the
Spitzer Infrared Nearby Galaxies Survey (SINGS). Our proposed mapping
observation requires only 1.6 hours of time. The galaxy M82 is nearby and very
bright, but is the only galaxy in SINGS for which no nuclear map was obtained.
Using the data we propose to obtain, we will generate a product similar to the
other SED observations in SINGS, which we will make available to the SINGS team
and to the community through the Spitzer Science Center.
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Spitzer Space Telescope — General Observer Proposal #3513

Glitters of warm H2 in cold diffuse molecular gas

Principal Investigator: Edith Falgarone
Institution: Ecole Normale Superieure

Technical Contact: Edith Falgarone, Ecole Normale Superieure

Co-Investigators:

Francois Boulanger, IAS, Universite Paris-Sud

Laurent Verstraete, IAS, Universite Paris-Sud
Guillaume Pineau des Forets, IAS, Universite Paris-Sud
Francoise Combes, LERMA/Observatoire de Paris

Cecile Gry, ISO Data Center, ESA Vilspa

Georges Helou, SSC, Caltech

Chaz Beichman, JPL, Pasadena

Edwin Valentijn, SRON, Groningen

Rene Laureijs, ESTEC, Noordwijk

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 17.7

Abstract:

Cold molecular hydrogen, a possibly dominant gas fraction in galaxies, does not
radiate due to the symmetry and small moment of inertia of the molecule. The
only tracers of cold H2, the rotational lines of CO and dust thermal emission
operate only in metal-rich environments. By detecting the lowest rotational
lines of H2 at unexpected levels in cold diffuse medium, ISO-SWS has challenged
the traditional view of the interstellar medium (ISM) by possibly revealing the
transient existence of tiny fractions of gas, disseminated within the cold ISM,
and warm enough to excite the H2 lines. The heating source of H2 there is the
intermittent dissipation of supersonic turbulence, pervading the entire ISM.
These glitters of H2 line emission may become the unique tracers of cold H2 in
low metallicity environments. Given the fundamental importance of probing large
hidden masses of gas in galaxies, for their implication on galaxy dynamics, star
formation thresholds in metal-poor environments, and the hypothesis of H2 as
baryonic dark matter in galaxies, the present SST/IRS proposal is dedicated to
further search and characterization of this still elusive emission. The proposed
observations consist of 27 small maps (55 by 45 arcsec) of the S(0), S(1) and
S(2) H2 lines at high spectral resolution in the Milky Way and in external
galaxies with massive HI disks extending far beyond their optical radius, for
which the HI rotation curve cannot be accounted for by the stellar and visible
gas components. The goals of the proposal are to strenghten the existence of the
warm H2 pockets disseminated in the cold diffuse medium, further characterize
the warm H2 emission as new tracer of hitherto undetected amounts of cold H2 by
observations of nearby low metallicity environments, investigate the spatial
distribution of unseen cold H2 in the external parts of galaxies, and, as a more
exploratory facet, probe the presence of large amounts of baryonic dark matter
in galaxies in the form of cold molecular hydrogen.

Spitzer Space Telescope — General Observer Proposal #40535

Glitters of warm H2 in cold diffuse molecular gas

Principal Investigator: Edith Falgarone
Institution: Ecole Normale Superieure

Technical Contact: Edith Falgarone, Ecole Normale Superieure

Co-Investigators:

Francois Boulanger, IAS Orsay
Francoise Combes, LERMA Paris
Guillaume Pineau des Forets, IAS Orsay
Laurent Verstraete, IAS Orsay

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 7.1

Abstract:

Cold molecular hydrogen, a dominant gas fraction in galaxies, does not radiate
due to the symmetry of the molecule. The only tracers of cold H2, the rotational
lines of CO and dust thermal emission operate only in metal-rich environments.
By detecting the lowest rotational lines of H2 at unexpected levels in the cold
diffuse medium of the Galaxy, ISO-SWS has challenged the traditional view of the
interstellar medium (ISM) by possibly revealing the existence of tiny gas
fractions within the cold ISM, warm enough to excite H2 lines. The heating
source of H2 there is the intermittent dissipation of supersonic turbulence,
pervading the entire ISM. These glitters of H2 line emission may become the
unique tracers of cold H2 in low metallicity environments. Given the fundamental
importance of probing large hidden masses of gas in galaxies, for their
implication on galaxy dynamics, star formation thresholds in metal-poor
environments, and the hypothesis of H2 as baryonic dark matter in galaxies, the
present SST/IRS proposal is dedicated to further search of this still elusive
emission. The proposed observations consist in several IRS LL pointings along
the major axis of two external galaxies with massive HI disks extending far
beyond their optical radius, and for which the HI rotation curve cannot be
accounted for by the stellar and visible gas components. These spectra also
observed in the direction of the galaxy nuclei, are meant to allow the
separation between the H2 emission with stellar-type excitation from that
originating in gas heated by turbulence dissipation. The goal of the proposal is
to strenghten the existence of pockets of warm H2 disseminated in the cold
diffuse medium of galaxies. These glitters of warm H2 would be a new tracer of
hitherto undetected amounts of cold H2 in low metallicity environments, and, as
a more exploratory facet, might probe the presence of large amounts of baryonic
dark matter in galaxies in the form of cold molecular hydrogen.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #215

IRAC Imaging of NGC4013

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

Technical Contact: Jiasheng Huang, CfA

Co-Investigators:
Matt Ashby, SAO
Judy Pipher, Univ. of Rochester

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 0.8

Abstract:
The proposed IRAC observations will characterize the disk properties of NGC 4013
in the infrared with unprecedented detail -- disk scale lengths and scale

heights in all four IRAC bands, the location and strength of star formation
within the disk, and the putative warp. The IRAC data will be particularly
sensitive to the expected strong PAH emission. The resulting mosaiced image will
make a striking contrast with existing visible wavelength images (e.g., HST
NICMOS and WFPC2) that show a strong band of dust attenuation along the center
of the disk; IRAC will reveal the underlying stellar emission.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #25

Luminosity Function in Local Clusters

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

Technical Contact: Peter Eisenhardt, JPL

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsScan
Hours Approved: 19.2

Abstract:

We will obtain spectral energy distributions of large numbers of galaxies across
the SIRTF wavelength range by mapping four local galaxy clusters with IRAC and
MIPS. The four clusters: Coma, Hercules, Al367, and A2199, span a wide range of
X-ray luminosity, cooling flow rates, and late vs. early type galaxy
morphologies. Coma and A2199 will be mapped by MIPS under a MIPS GTO program.
The maps will cover 30 by 30 arcmin, roughly one Mpc at these cluster distances,
and one square degree in the case of Coma. The IRAC 3.6um map will reach to
about L*+5, probing well into the dwarf galaxy regime. Dust emitting at 7.7um
and in the far IR will also be revealed. Finally, a map reaching several
magnitudes deeper will be obtained with IRAC over 10 x 10 arcmin regions
centered on the peak of the cluster x-ray emission, to determine whether the
cooling flows in these clusters are producing low mass stars or brown dwarfs.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30134

IRAC Observations of a Statistically Complete Sample of Star—Forming Dwarf
Galaxies

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

Technical Contact: Jessica Rosenberg, Harvard-CfA

Co-Investigators:

Jessica Rosenberg, Harvard-Smithsonian Center for Astrophysics
Matthew Ashby, Harvard-Smithsonian Center for Astrophysics
John Salzer, Wesleyan University

Steve Willner, Harvard-Smithsonian Center for Astrophysics
Jiasheng Huang, Harvard-Smithsonian Center for Astrophysics
Caryl Gronwall, Pennsylvania State University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 9.8

Abstract:

We propose to carry the first large, statistically complete study of
star-forming dwarf galaxies at 3.0, 4.5, 5.8, and 8.0 um with Spitzer. Contrary
to our expectations, our small, preliminary study of 15 objects in the Bootes
field has shown that these objects contain significant amounts of dust emission
in the mid-infrared. These observations, in combination with the low
line-of-sight absorption and the low luminosities of these galaxies indicate
that their properties are significantly different from those observed in spiral
galaxies. A larger, statistically complete sample of dwarf star-forming galaxies
will allow us to probe the full range of dust/mid-infrared properties found in
the dwarf star-forming galaxies in order to evaluate the cosmic scatter in these
populations. We will also use this sample to: (1) compare 8 um star—-formation
rate estimates with those determined from [0 II] and H-alpha, (2) determine the
contribution of dwarf galaxies to the star—-formation rate density in the local
universe, (3) determine the luminosity- metallicity relation and other
measurements of the stellar and dust properties in these galaxies, and (4)
determine the mid-infrared spectral energy distributions of these local systems
which can be used as a template for comparisons with high-redshift, low
metallicity, star-forming systems.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30318

Life Cycle of Dust in Elliptical Galaxies

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

Technical Contact: Michael Pahre, Smithsonian Astrophysical Observatory

Co-Investigators:
Michael Pahre, SAO
Tod Lauer, NOAO
Sandra Faber, UCSC
Christine Jones, SAO
William Forman, SAO

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 32.0

Abstract:

The old concept of ISM-free elliptical galaxies was discarded when roughly half
of early-type galaxies were detected at 60 um by IRAS. Nonetheless, little is
known to date on the nature of the warm ISM in this class of galaxies, since
"normal" elliptical galaxies were not often observed in space missions since
IRAS. Questions such as: Where is the dust? How does its temperature vary within
a galaxy and among galaxies? How is the presence of dust related to AGN
activity? And, especially, what are the probable origins, reservoirs, and life
cycles of the dust in elliptical galaxies? Early Spitzer observations have found
tantalizing examples where the dust is organized into features (arms, rings,
disks) reminiscent of disks of spiral galaxies, which could have profound
implications for understanding the origin of the Hubble morphological sequence.
We propose to obtain moderately deep imaging with Spitzer from 3.6 to 160um of a
sample of galaxies that is well studied optically (with HST imaging) in order to
address these questions. The outcome of the project will be a broad picture of
the origin and fate of the dust and its properties (mass, temperature, size
distribution, PAH content) as a function of location within the galaxies. These
data will also make a large and lasting contribution to the legacy of archival
data from the Great Observatories on the global properties of nearby, normal
galaxies.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30725

A Search for Infrared Light in a Dark HI Galaxy in the Virgo Cluster

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

Technical Contact: Zhong Wang, Smithsonian Astrophysical Observatory

Co-Investigators:

Zhong Wang, Harvard-Smithsonian Center for Astrophysics
Stephanie Bush, CfA

Pauline Barmby, CfA

Jessica Rosenburg, CfA

Douglas McElroy, SSC

Robert Minchin, Cardiff University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsScan
Hours Approved: 6.0

Abstract:

We propose an exploratory investigation on the nature of a potentially
‘‘hidden’’ galaxy in the Virgo cluster, revealed in a recent deep HI survey by
Davies et al. (2004). This rotating HI disk is found at Virgo'’s systemic
velocity, with an implied mass—-to-light ratio of 500 or more given the upper
limit put on by deep optical surveys, and well below the surface brightness
predicted assuming a fiducial Tully-Fisher relationship. These make it arguably
one of the most unusual objects in the local universe. While it is possible that
this is the tidal-disrupted remains of a past galaxy—galaxy interaction, we
believe dust associated with it must have played an important role ——- otherwise
tidal forces alone should not inhibit the conversion from gas to stars to such
an extent. If some stars do form in the neutral gas, then one can expect an
unambiguous detection of dust emission with the Spitzer instruments. Even
without hard UV photons from star forming regions, we should still be able to
measure scattered emission from diffuse interstellar radiation field, assuming
that the minimal dust-to-gas ratio still applies in this case. The higher
spatial resolution of IRAC and MIPS compared to the HI maps should allow a much
better assessment of the object with such massive HI concentration in this
seemingly empty region on the outskirt of Virgo. A non-detection would be even
more challenging in that we may be confronting a new type of object which is
truly dark.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40175

IRAC Imaging of the Unique, Face-on Spiral Galaxy NGC 309

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

Technical Contact: Matthew Ashby, Harvard-SAO

Co-Investigators:

David Block, University of Witwatersrand, South Africa
Matthew Ashby, Harvard-Smithsonian Astrophysical Observatory
Debra Elmegreen, Vassar College

Bruce Elmegreen, IBM Watson Research Center

Ken Freeman, The Australian National University

Steven Willner, Harvard-Smithsonian Astrophysical Observatory

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 0.6

Abstract:

The late type galaxy NGC 309 is one of the largest and most luminous spiral
galaxies known. At a redshift distance of 83 Mpc (H=70 km/s/Mpc; Spergel et al.
2003), the absolute blue magnitude is -22.52 and the diameter is ~ 70 kpc (1
arcsec = 0.40 kpc). NGC 309 belongs to the multiple arm class 9 of Elmegreen &
Elmegreen (1984). Combined with an almost face-on orientation, NGC 309 offers
unique prospects for addressing important issues associated with spiral
structure and star formation, including radically different morphology in
optical compared with infrared wavelengths, star formation and PAH distribution.
We propose to investigate the color gradients across the arms of NGC 309, and to
study the distribution of macromolecules and PAHS in regimes along spiral arms
where the associated shock front strengths rank amongst the highest ever
encountered in a spiral galaxy. NGC 309 also provides an excellent test for the
origin of exponential disks. For this giant galaxy, the outer parts should be
dynamically young. At the outer radius of 35 kpc, the orbit time for 250 km/s
rotation speed is only 0.88 Gyr; there have not been many rotations in the outer
domains. We wish to explore whether the exponential disk continues smoothly at
large radii, and whether the exponential scale length is different along
different directions (asymmetric). If the exponential disk takes time to settle
down, then with only a few rotations in the outer parts, it could have a
different scale length in different directions, as it has not yet stabilized.

On the other hand, if we find that there is a smooth, uniform exponential disk
in all directions (even in the outer parts), the implication would be that the
exponential disk forms at birth. Our modest program includes just one AOR, to
carry out IRAC imaging of NGC 309 in all four IRAC bands.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40301

Dissecting the Star Formation Within Late-Type Galaxies

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Michael Pahre, Smithsonian Astrophysical Observatory

Co-Investigators:

Michael Pahre, Smithsonian Astrophysical Observatory
Rogier Windhorst, Arizona State University

Rolf Jansen, Arizona State University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 10.6

Abstract:

The past decade has brought the discovery and characterization of star-forming
galaxies in the distant universe, detected through signatures of their
rest-frame UV emission. One question about these galaxies is whether the UV
continuum is a complete and unbiased picture of the star formation activity.
Late-type galaxies are the best local analog candidates to the star formation
occuring in galaxies in the distant universe. While samples reaching ~1000
galaxies at high redshift have been constructed, local samples are comparatively
small. Early Spitzer observations have generated several large, general surveys
the IR properties of nearby galaxies, but these survey inadequately sample the
wide range of UV/Halpha/IR properties of late-type galaxies, so it is difficult
to assess any trends——-or to identify which kinds of local galaxies are the best
analogs to the distant ones. In fact, late-type galaxies show so little
self-similarity, that large samples of them are needed to span the full,
multi-dimensional parameter space of those galaxy properties. We propose to
fill-in this gap by obtaining IRAC and MIPS 3-24um images of a large sample of
late-type galaxies (T>7) that all have UV (and many have Halpha) imaging already
publicly-available in the HST archive. The result will be a wide and varied
sample spanning many magnitudes of galaxy luminosity, star formation rate,
stellar ages, metallicities, and merger activity. We will trace out the star
formation activity in a variety of environments, and combine this with
high-resolution HST imaging in order to dissect the processes occuring within
those regions. The loss of HST's STIS, CTE degradation of WFPC-2, and
uncertainity over WFC-3 all mean that our proposed sample is the complete list
of galaxies with high spatial resolution UV images from HST. Our proposal will
generate a generally useful Great Observatories dataset on star formation in
late-type galaxies.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40349

Star Formation in Early-type Spirals

Principal Investigator: Giovanni Fazio
Institution: Smithsonian Astrophysical Observatory

Technical Contact: Zhong Wang, Smithsonian Astrophysical Observatory

Co-Investigators:
Stephanie Bush, Harvard University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 12.0

Abstract:

Recent studies of nearby early-type (Sa-Sab) spiral galaxies have revealed a
significant fraction (~30%) which are actively forming stars. It has been
suggested that past close encounters or minor mergers may be inducing activities
in these systems, which would otherwise remain quiescent and passively evolve.
We propose to perform IRAC and MIPS observations to measure the distribution and
luminosity function of the star-forming regions in a selected sample of these
galaxies. The data, when combined with ground-based narrow-band imaging and
broad-band SED studies, can provide a definitive explanation to how star
formation is affected by interactions, and address to what extent these can be
considered as an essential part of galactic evolution.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50128

The Spitzer/IRAC Star Formation Reference Survey

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

Technical Contact: Matthew Ashby, Harvard-SAO

Co-Investigators:

Matthew L. N. Ashby, Harvard-Smithsonian CfA

Pauline Barmby, Univ. of Western Ontario, Ontario, CA
Sukanya Chakrabarti, Havard-Smithsonian CfA

Eduardo Gonzalez-Alfonso, Univ. Alcala, Alcala, Spain
Jia-Sheng Huang, Harvard-Smithsonian CfA

Suzanne Madden, CEA, Saclay, France

Kai Noeske, Harvard-Smithsonian CfA

Michael Pahre, Harvard-Smithsonian CfA

Casey Papovich, Texas A&M University

Thomas Robitaille, St. Andrews Univ., St. Andrews, UK
Howard Smith, Harvard-Smithsonian CfA

Eckhard Sturm, MPIE, Garching, Germany

Jason Surace, Spitzer Science Center

Zhong Wang, Harvard-Smithsonian CfA

Barbara Whitney, Space Science Institute

Steven Willner, Harvard-Smithsonian CfA

Hong Wu, National Astronomical Obs., Beijing, China
Andreas Zezas, University of Crete, Crete, Greece

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 39.2

Abstract:

We propose a statistically robust study of 380 nearby, bright star—-forming
galaxies of all types to better understand the nature of star formation. The
goal of this IRAC reference survey will be to measure total star formation rates
via 8.0 micron PAH emission, with an emphasis on quantitative comparisons of
multiple global star formation indicators including ultraviolet emission,
H-alpha, and radio continuum measurements. The sample is selected to be fully
representative of the entire ranges of infrared luminosity, dust temperature,
and stellar mass exhibited by star-forming galaxies in the local universe: the
sample galaxies exhibit all existing combinations of these properties with the
minimum overall number, selected in a manner that allows results to be applied
to the entire local galaxy population. Here we propose four-band Spitzer/IRAC
photometry for the 275 out of 380 objects which lack suitable observations in
the Spitzer archive. All sample galaxies already have extensive complementary
data available including global ugrizJHK photometry plus radio continuum
intensities. Most also have GALEX imaging; in addition we have already begun a
ground-based campaign to acquire global H-alpha imaging for the complete sample.
We are submitting this IRAC proposal in the context of a larger campaign that
includes a GTO proposal to complete the MIPS 24 micron imaging, and a GO
proposal to acquire the IRS low-resolution spectroscopy. Although these
companion proposals will significantly increase the scientific return of our
survey program, the success of this proposal is not contingent in any way on any
other Spitzer proposal. Our international team is dedicated, experienced, and
has adequate manpower and institutional resources, with expertise in all the
relevant disciplines to ensure the success of this undertaking. PI Fazio
believes this proposal to be the most important element of his extragalactic GTO
program, and requests that it be assigned first priority.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50132

The Spitzer/MIPS Star Formation Reference Survey

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

Technical Contact: Matthew Ashby, Harvard-SAO

Co-Investigators:

Matthew L. N. Ashby, Harvard-Smithsonian CfA

Pauline Barmby, Univ. of Western Ontario, Ontario, CA
Sukanya Chakrabarti, Havard-Smithsonian CfA

Eduardo Gonzalez-Alfonso, Univ. Alcala, Alcala, Spain
Jia-Sheng Huang, Harvard-Smithsonian CfA

Suzanne Madden, CEA, Saclay, France

Kai Noeske, Harvard-Smithsonian CfA

Michael Pahre, Harvard-Smithsonian CfA

Casey Papovich, Texas A&M University

Thomas Robitaille, St. Andrews Univ., St. Andrews, UK
Howard Smith, Harvard-Smithsonian CfA

Eckhard Sturm, MPIE, Garching, Germany

Jason Surace, Spitzer Science Center

Zhong Wang, Harvard-Smithsonian CfA

Barbara Whitney, Space Science Institute

Steven Willner, Harvard-Smithsonian CfA

Hong Wu, National Astronomical Obs., Beijing, China
Andreas Zezas, University of Crete, Crete, Greece

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 45.9

Abstract:

We propose a statistically robust study of 380 nearby, bright star—-forming
galaxies of all types to better understand the nature of star formation. The
goal of this MIPS reference survey will be to better understand global star
formation via mid-IR continuum emission, with an emphasis on quantitative
comparisons of multiple global star formation indicators including ultraviolet
emission, H-alpha, and radio continuum measurements. The sample is selected to
be fully representative of the entire ranges of infrared luminosity, dust
temperature, and stellar mass exhibited by star-forming galaxies in the local
universe: the sample galaxies exhibit all existing combinations of these
properties with the minimum overall number, selected in a manner that allows
results to be applied to the entire local galaxy population. Here we propose
Spitzer/MIPS 24 micron photometry for the 267 out of 380 objects which lack
suitable observations in the Spitzer archive. All sample galaxies already have
extensive complementary data available including global ugrizJHK photometry plus
radio continuum intensities. Most also have GALEX imaging; in addition we have
already begun a ground-based campaign to acquire global H-alpha imaging for the
complete sample. We are submitting this proposal in the context of a larger
campaign that includes a GTO proposal to complete the four-band IRAC micron
imaging, and a GO proposal to acquire the IRS low-resolution spectroscopy.
Although these companion proposals will significantly increase the scientific
return of our survey program, the success of this proposal is not contingent in
any way on any other Spitzer proposal. Our international team is dedicated,
experienced, and has adequate manpower and institutional resources, with
expertise in all the relevant disciplines to ensure the success of this
undertaking.

Thursday March 25, 2010

xgal_covers.ixt

45/371



Printed_by_SSC

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 91/742

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 92/742

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50539

A Multi-wavelength Study of Nearby Galaxies Based on Molecular Line Surveys:
MIPS Observations

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

Technical Contact: Zhong Wang, Harvard-SAO

Co-Investigators:
Erik Rosolowsky, CfA
Howard Smith, CfA
Thomas J. Cox, CfA
Michael Pahre, CfA
Eric Keto, CfA
Stephanie Bush, CfA

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 4.0

Abstract:

Dense molecular gas, warm dust, and hot ionized gas are different components of
the multi-step transformation of cold gas into stars and star clusters. While
empirical laws on star formation in galaxies have been established based on
global measurements of these components, substantial galaxy-to—-galaxy variations
still exist and remain unexplained. To understand the mechanisms that induce and
regulate star formation and thus galaxy evolution, we need to study processes on
the local scales of typical star forming regions and giant molecular clouds. In
a set of pilot studies, we analyzed the Spitzer and Galex data of nearby giant
spirals M31, M33 and M99, and compared with the new interferometric CO maps of
matching angular resolution. We found evidence that variations in local
condition, environmental effects, and viewing geometry may explain much of the
large scatter in the empirical relationships. Based on the success of this
initial investigation, we have collected high- resolution CO images of 63
late-type galaxies from several large surveys, and we are working on obtaining a
complete set of Spitzer and Galex data for these galaxies. A companion Spitzer
archival research program will re—examine the existing observations along with
CO, HI, UV and optical data, focusing on correlations in spatially resolved,
individual star-forming regions. Here we propose MIPS imaging of the 11 galaxies
in our CO sample that have not already been observed by Spitzer. A GO proposal
will request IRAC time for these galaxies, which are a significant addition to
our study because they substantially increase the fraction of gas-rich late
types in the full sample. Insight from this program will be applicable to not
only nearby system, but also high red-shift galaxies for which only integrated
quantities are measurable.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #520

Neon and Sulfur Abundances in M33

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

Technical Contact: Steven Willner, Center for Astrophysics

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap IrsStare MipsPhot
Hours Approved: 7.4

Abstract:

This program contains three separate small projects: 1. The first galaxy ever
discovered at 350 microns (Khan 2005) has several IRAC sources near it based on
the IRAC GTO Shallow Survey. This imaging is for an improved SED and to look for
possible companions. 2. As a follow up of our ISO and ground based
investigations of M33, we will obtain new, high signal/noise measurements of
neon and sulfur fine structure lines with the IRS to determine much more
accurately how the Ne/H and S/H gradients behave compared with O/H and to
determine which explanation for the discrepancies in abundance gradients is most
likely. 3. Three 24-micron-selected sources in the HDFN are too faint for
redshifts to be measured via visible spectroscopy. IRS spectra may give
redshifts from dust features.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #69

A Mid-IR Hubble Atlas of Galaxies

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

Technical Contact: Michael Pahre, Smithsonian Astrophysical Observatory

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap MipsPhot
Hours Approved: 76.2

Abstract:

The unprecendented spatial resolution and sensitivity of SIRTF at mid- and
far-IR wavelengths will allow detailed images of the distribution of and
relative importance of non-thermal nuclear emission, stars, gas, dust, and star
formation activity for nearby, bright galaxies. This observing program targets a
representative sample of 101 galaxies in the local universe for IRAC and MIPS
photometry from 3.6 to 160 um, and IRS step—-and-stare spectroscopy to cover the
7.7 um PAH feature. The goals of the project are: to resolve spatially various
components of the mid- and far-IR galaxy emission as a function of galaxy type
and luminosity; to calibrate UV, Halpha, and far-IR estimators of the unobscured
star formation rate; to determine the stellar masses using the shortest
wavelength data; to create a nearby galaxy sample suitable for comparison with
higher redshifts; and to construct a mid-IR "Hubble Atlas."

Spitzer Space Telescope — General Observer Proposal #30496

Star Formation In The Centers Of Galaxies Due To Secular Evolution

Principal Investigator: David Fisher
Institution: University of Texas at Austin

Technical Contact: David Fisher, University of Texas at Austin

Co-Investigators:
Niv Drory, University of Texas at Austin
John Kormendy, University of Texas at Austin

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 15.3

Abstract:

The two fundamental channels for disk galaxy evolution are environmentally
driven hierarchical clustering (galaxy mergers) and internally driven secular
evolution. Ellipticals and "classical bulges" are believed to form by mergers.
"Pseudobulges" are observed to be more disk-like than classical bulges: they are
flatter, they rotate very rapidly, and they have embedded bars, spiral
structure, and ongoing star formation. They are the likely products of slow
("secular") rearrangement of disks by bars and oval distortions. Note that
pseudobulges can form only if it has been a long time since the last major
merger. This qualitative picture is well supported by observations. But, what is
the relative importance of mergers and secular evolution in building bulges --
quantitatively? We propose to measure star formation rates in classical bulges
and pseudobulges using the far-infrared fluxes observed with MIPS.
Additionally, we use mid-infared IRAC imaging to resolve star-forming
substructure within these bulges. To measure star formation rates we use
published warm dust SED calibrations (Dale and Helou 2002; Wu et al 2005) as
well as any that are still under development. Our purpose is to measure
pseudobulge growth rates in Sa, Sb, and Sbc galaxies, and to tie together star
formation rates with other indicators of secular evolution. Estimating
pseudobulge growth time is the necessary next step in determing the relative
importance of major mergers and secular evolution in bulge formation. A key to
our strategy is the choice of galaxy sample. We propose to observe matched
triples of the nearest giant galaxies that have strong, weak, and no obvious
driving agents for internal evolution; i.e. galaxies that are barred, globally
oval, and unbarred, respectively. Our sample will provide a valuable
augmentation of archive data, completing observations of triples where
necessary. The result is to increase the return of previous investments for a
wider variety of science applications.
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Spitzer Space Telescope — Archive Research Proposal #20423

A Chandra-Spitzer Study of Low Luminosity AGN in a Sample of Nearby Normal
Early-type Galaxies

Principal Investigator: William Forman
Institution: Smithsonian Astrophysical Observatory

Technical Contact: William Forman, Smithsonian Astrophysical Observatory

Co-Investigators:

Christine Jones, Smithsonian Astrophysical Observatory
Michael Pahre, Smithsonian Astrophysical Observatory
Eugene Churazov, Max Planck Institute for Astrophysics

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Dollars Approved: 47530.0

Abstract:

The high angular resolution and sensitivity of the Spitzer instruments enable us
to undertake a study of low luminosity AGN and warm dust in a sample of 103
"normal" elliptical and lenticular galaxies for which we have measured the X-ray
luminosity of the AGN and the extent and mass of the hot X-ray gas with Chandra
observations. With the Spitzer and Chandra observations, supplemented by radio
fluxes and optical spectroscopy, we will determine the contribution of IR and
X-ray emission to the bolometric luminosity of low luminosity AGN as a function
of luminosity and test if the spectral energy distribution is consistent with
that predicted by RIAF models. We will use the IRAC and MIPS colors to
characterize and help classify the low luminosity AGN. We will determine if the
luminosity of the AGN is affected by either the presence of cool IR emitting
material or the cooling rate of the hot gas. We will compare the rate at which
cooling gas forms new stars with the amount of recent star formation estimated
from Spitzer images. We also will map the distribution of warm dust and compare
that with the mass and distribution of hot gas to study the coexistence of hot
gas and dust in galaxy cores. In addition to this archival proposal to analyze
the 45 early-type galaxies, we also have proposed Spitzer IRAC and MIPS
observations of 58 galaxies (C. Jones - PI) to complete the Chandra-Spitzer
sample of 103 early type galaxies.

Spitzer Space Telescope — General Observer Proposal #50550

Dust Evolution in Low-Metallicity Environments: Bridging the Gap Between Local
Universe and Primordial Galaxies

Principal Investigator: Frederic Galliano
Institution: University of Maryland, College Park

Technical Contact: Frederic Galliano, University of Maryland, College Park

Co-Investigators:

Suzanne Madden, SAp, CEA/Saclay, France

George Bendo, Imperial College, London, UK

Kate Isaak, University of Cardiff, UK

Mike Barlow, University College, London, UK

Alessandro Boselli, Laboratoire d’Astrophysique de Marseille, France
Veronique Buat, Laboratoire d’Astrophysique de Marseille, France
Pierre Chanial, Imperial College, London, UK

David Clements, Imperial College, London, UK

Jon Davies, University of Cardiff, UK

Steve Eales, University of Cardiff, UK

Ismael Perez Fournon, IAC, La Laguna, Spain

Haley Gomez, University of Cardiff, UK

Mathew Page, MSSL/University College London

Marc Sauvage, SAp, CEA/Saclay, France

Luigi Spinoglio, IFSI Frascatti, Italy

Mattia Vaccari, University of Padova

Christine Wilson, McMaster University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap IrsStare MipsPhot
Hours Approved: 23.1

Abstract:

The local galaxy Science Advisory Group (SAG 2) in the Herschel/SPIRE
consortium, has constructed a Guaranteed Time Key Program using the PACS and
SPIRE insruments to obtain 60 to 550 micron photometry of a statistically
significant sample of 51 dwarf galaxies in our local universe chosen to cover an
impressivly broad range of physical conditions. Here we propose the necessary
complementary IRAC, MIPS and IRS Spitzer observations which together with the
Herschel GT database will provide a rich database to the community to perform
the dust and gas analyses in unprecedented detail in low metallicity galaxies
ranging between 1/50 to 1 solar metallicity. Due to their chemical youth, and to
the extreme conditions they experience, low metallicity environments constitute
a keystone to understand dust evolution. The primary goal of this combined
Herschel and Spitzer project is to study in details the physical processes at
play within the ISM of these galaxies. We will take advantage of the powerful
combination of Spitzer, Herschel and ancillary data to decompose the SED into
the emission coming from the main phases of the ISM. Such a decomposition will
provide reliable estimate of the abundances of the principal dust species, as a
fonction of metallicity and physical conditions. These results will be exploited
to compare the various evolutionary processes affecting the dust content of
galaxies. All these outstanding scientific advances will be the true legacy
value that this project brings to the community.
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Spitzer Space Telescope — Archive Research Proposal #20394

Multi-variate Optical to Infrared Luminosity Functions of SWIRE Galaxies with
Measured Redshifts

Principal Investigator: Jonathan Gardner
Institution: NASA’s GSFC

Technical Contact: Jonathan Gardner, NASA's GSFC

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Dollars Approved: 61800.0

Abstract:

Multi-variate optical to infrared luminosity functions of nearby galaxies will
reveal the complex interplay between starlight, dust, and overall luminosity
within the galaxy population. We propose to measure the ugriz-3-4-6-8-24
luminosity function of galaxies detected by the SWIRE survey with redshifts
measured by Sloan and 2dF surveys. We will use principal component analysis to
remove correlations from the resulting 10-dimensional histogram, reducing it to
the most relevant 2 to 3 dimensions. The luminosity function of the principal
components will show the dependence of optical to infrared colors upon
luminosity, measuring a brightness—dustiness relation. We will also calculate
more traditional measures of luminosity functions in the IRAC and MIPS bands.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #5

M33 Mapping and Spectroscopy

Principal Investigator: Robert Gehrz
Institution: University of Minnesota

Technical Contact: Steven Willner, Center for Astrophysics

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap IrsStare MipsScan
Hours Approved: 54.9

Abstract:

SIRTF maps of M33 will provide a global perspective on both star formation and
stellar evolution in a spiral galaxy. Combined with ground-based observations,
MIPS and IRAC maps will provide a unified set of maps that relates the locations
of chemical enrichment, gas available to form stars, star formation, and
existing stars. Repetition of the maps during the SIRTF mission will detect many
types of variable stars, including the luminous, massive stars that inject
processed material into the interstellar medium. The project includes followup
IRS spectroscopy of sources found in the maps.
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Spitzer Space Telescope — General Observer Proposal #3319

Mid-Infrared H2 Lines in Edge-On Galaxies

Principal Investigator: Stephen Gottesman
Institution: University of Florida

Technical Contact: Stephen Gottesman, University of Florida

Co-Investigators:
Catherine Garland, University of Hawaii
Seppo Laine, Spitzer Science Center, Caltech

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 3.8

Abstract:

One of the biggest mysteries with disk galaxies is the apparently large
invisible mass of material at large galactocentric distances, known as the dark
or missing mass. It is possible that there is a large reservoir of molecular gas
that has remained undetected in the absence of vigorous star formation in the
outer disks. We propose to use the InfraRed Spectrograph on the Spitzer Space
Telescope to look for the 17 and 28 micron pure rotational lines of molecular
hydrogen in two edge-on spiral galaxies. Earlier observations of the edge-on
galaxy NGC 891 with ISO suggest that molecular, not atomic, hydrogen may
dominate the mass out to large radii. By observing the two lowest quadrupole
transitions of molecular hydrogen at various positions along the galaxy disks we
can set limits on the mass and physical conditions (temperature and density) of
the gas. This will help us to understand the interstellar medium in the Milky
Way and provide a template for interpreting high redshift observations of
molecular gas and star formation.

Spitzer Space Telescope — General Observer Proposal #50510

A Spitzer/MIPS survey of the Shapley Supercluster core - Obscured star—formation
in the most dynamically active region at z<0.1

Principal Investigator: Christopher Haines
Institution: University of Birmingham

Technical Contact: Christopher Haines, University of Birmingham

Co-Investigators:

Graham Smith, University of Birmingham

Somak Raychaudhury, University of Birmingham

Russell Smith, Durham University

Gianni Busarello, INAF - Osservatorio Astronomico di Capodimonte
Adriana Gargiulo, INAF - Osservatorio Astronomico di Capodimonte
Francesco La Barbera, INAF - Osservatorio Astronomico di Capodimonte
Amata Mercurio, INAF - Osservatorio Astronomico di Capodimonte
Paola Merluzzi, INAF - Osservatorio Astronomico di Capodimonte

Eelco van Kampen, University of Innsbruck

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsScan
Hours Approved: 13.8

Abstract:

We propose to conduct a wide-field (~2 square degrees) 24/70um Spitzer/MIPS
survey of obscured star—-formation within the Shapley supercluster, the richest
and the most dynamically active region in the local universe (z<0.1l).
Specifically we are targeting the region covered by the Shapley Optical Survey
(SOS) which contains three rich Abell clusters and two poor clusters embedded in
a filamentary structure and where there are multiple ongoing cluster mergers.
The Spitzer data will complement extensive multi-wavelength observations in
hand, including panoramic imaging in UV, optical, NIR, X-ray and radio, and
high-S/N optical spectroscopy, and will be fundamental to our main science goals
of understanding the level and nature of star—-formation in local clusters. In
particular the unprecedented sensitivity of MIPS to obscured star-formation will
allow us to target the dwarf galaxy population which usually encounter the
cluster environment while still gas-rich, and which make up the vast majority of
starburst galaxies in cluster environments, as they are transformed in-situ by
processes such as ram-pressure stripping and galaxy harassment. The MIPS data in
conjunction with our existing datasets will enable us to: (i) determine how much
of the star—-formation within clusters is triggered by interactions with the
cluster environment (mergers, fly-bys, ram—-pressure from ICM) as opposed to that
produced by normal infalling spiral galaxies whose star—-formation has not yet
been quenched by the cluster environment; and (ii) by correlating the global
MIR-based SFRs with the level of substructure within the clusters, investigate
in detail how obscured star—formation relates to the hierarchical assemby of
structures. All of this can be acheived with a modest 13.8 hours. The Shapley
supercluster is a uniquely dense and active environment in the local universe,
and so the MIPS dataset will have an enduring legacy value for comparing
obscured star—formation across the full range of environments.
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Spitzer Space Telescope — General Observer Proposal #30773

Mid-Infrared Spectroscopy of the Brightest Type 2 AGN in the SDSS

Principal Investigator: Timothy Heckman
Institution: Johns Hopkins University

Technical Contact: Lee Armus, Spitzer Science Center

Co-Investigators:

Lee Armus, Spitzer Science Center

Lucimara Martins, Space Telescope Science Institute
Christy Tremonti, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 13.6

Abstract:

We propose to use the IRS on Spitzer to observe a complete and well-defined
sample of the 20 brightest Type 2 (obscured) Active Galactic Nuclei (AGN) in the
Sloan Digital Sky Survey (SDSS). They are selected from a sample of over 100,000
SDSS AGN on the basis of the flux in the [OIII]5007 emission-line. The full SDSS
sample has been used to study the properties of local AGN and their host
galaxies with unmatched statistical precision. The results imply that there is
on—-going co-evolution of black holes and galaxy bulges in the present universe
(albeit at lower mass scales than in the past). Given the sensitivity of optical
observations to even modest amounts of dust extinction, it is imperative to
determine whether mid-IR and optical observations of these objects are
consistent. The general goal of the proposal is to produce a set of high—quality
mid-IR spectra for a complete sample of the brightest SDSS Type 2 AGN. The
specific goals are: 1) To compare measurements of the AGN luminosity derived
from the high-ionization mid-IR emission-lines to those derived from similar
optical emission-lines. 2) To compare estimates of the relative energetic
significance of black hole accretion and star formation in AGN host galaxies
derived from optical data to those derived from mid-IR spectroscopy. These two
goals address the following two questions: 1) How well can the luminosity of
Type 2 SDSS AGN be estimated from optical spectra alone? 2) Can the coupled
growth of black holes and galaxy bulges in the low-z universe be adequately
quantified from optical data alone? Using the IRS to observe a complete sub-set
of the 100,000 Type 2 SDSS AGN is essential to understand the degree to which
the SDSS data provide a fair picture of the low-redshift AGN phenomenon. These
data will beautifully complement existing IRS surveys of IR-selected AGN.

Spitzer Space Telescope — General Observer Proposal #20120

A Search for PAH Emission in Extremely Low Luminosity Galaxies

Principal Investigator: David Hogg
Institution: New York University

Technical Contact: David Hogg, New York University

Co-Investigators:
Morad Masjedi, New York University
Michael R. Blanton, New York University

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsStare
Hours Approved: 17.1

Abstract:

Low-luminosity galaxies are deficient in PAH emission; it is not known why.
Whether the deficiency is a metallicity effect, some property of radiation
fields, or a consequence of dust geometry or dust properties, the question
requires observations of low-luminosity galaxies that span the space of physical
properties. We propose IRAC imaging and IRS SL spectroscopy of a uniformly
selected sample of 29 extremely low luminosity (M_r > -15 mag) galaxies selected
from the Sloan Digital Sky Survey. Comparison of Spitzer observations of
different low-luminosity galaxies and comparison of low-luminosity and
high-luminosity galaxies from the SINGS Legacy Program (particularly their
outskirts) ought to break the current degeneracy of possible explanations for
the PAH deficiency. Our sample of low-luminosity galaxies has been selected
completely independently of environment, making it a unique sample for the study
of galaxy formation and evolution; the data taken for this project will have
great legacy value. We are also obtaining HST imaging, H-alpha rotation curves,
and HI measurements for this sample, allowing myriad studies of the physics of
galaxy evolution. We waive all proprietary period on these Spitzer observations
and all of the other data we have for this sample.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30669

The Spitzer/IRS View of Blue Compact Dwarf Galaxies

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Yanling Wu, Cornell University

Co-Investigators:

Yanling Wu, Cornell University

Vassilis Charmandaris, Cornell University
Lei Hao, Cornell University

Science Category: Nearby Galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 12.4

Abstract:

Galaxy formation is one of the critical issues in extragalactic astronomy. WMAP
has shown that the hierarchical or "bottoms up" scenario is the most likely mode
of galaxy formation in the early Universe. Unfortunately, current instruments
are not capable of directly observing the "building blocks" in the epoch of
galaxy formation, z >~ 8. However, there are numerous low metallicity, Z ~
Z_solar/40, blue compact dwarf galaxies, BCDs, that may mimic the development of
galaxies in the early Universe. Infrared studies of these local BCDs can trace
the evolution of star formation and the subsequent enrichment of the ISM and the
formation of dust grains. Through the infrared we can identify the grain types,
their abundances and their interactions with the ISM. It is well documented that
there is too little gas in BCDs to sustain the observed star bursts for more
than a fraction of the Hubble time. Either more gas is accreted or the star
bursts are episodic or both. There is growing evidence that the episodes star
formation are triggered by interactions or merging of the host galaxy and an HI
cloud or another dwarf galaxy. In either event the mass of the host galaxy
grows. In this proposal we plan to use Spitzer/IRS to observe both the formation
and properties of dust in very low metallicity BCDs and infrared properties of
BCDs that show indications of interacting or merging with another nearby dwarf
or HI cloud. This observation, if successful, will unvail stunning secretes in
the Universe.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #197

Mid-IR Imaging & Spectroscopy of Starburst Rings

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: James Higdon, Cornell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 10.2

Abstract:

Ring galaxies are spectacular examples of galaxy transformation through
gravitational interactions. They are created by the passage of a companion
galaxy through the disk of a spiral along the rotation axis. This interaction
reorganizes the spiral’s disk, concentrating >90% of ISM into an expanding
orbit-crowded ring. The enhanced gas density promotes the growth of very massive
cloud complexes during the ring’s ~400 Myr lifetime, which results in a coherent
propagating starburst. Some rings, most notably the Cartwheel & AM0644-741, are
host to "Super Starburst Clusters", which may be analogs of young globular
clusters. At the same time, star formation interior to the rings is
extinguished. These systems are ideal for studies as diverse as the global
regulation/triggering of massive star formation and starburst populations. My
collaborators and I are concentrating on the Cartwheel & AM0644-741, combining
optical imaging & spectroscopy, HI and radio continuum interferometry, and (for
AM0644-741) CO single dish mapping. They are physically the largest, the most
gas rich, and with the highest SFRs (~20 MO/yr). The Cartwheel’s metallicity is
similar to the SMC, while AM0644-741’s is close to solar. Both show strong &
systematic changes in local SFR/area around the rings, arising from variations
in orbit crowding. We wish to use SIRTF to obtain deep Mid/Far—-IR images and
Mid-IR spectra of starburst clusters in both of these dramatic systems: IRS
Long/Short-High Spectroscopy: We will obtain high resolution Mid-IR spectra of
two starburst clusters in each ring. IRAC 4.5 & 8um mapping: Deep 8um images
will show emission from the strong PAH feature at 7.7um, after subtracting a
similar map at 4.5um. MIPS 70um imaging: Both galaxies are unresolved by IRAS.
MIPS 70um maps will have sufficient resolution (20") for us to distinguish FIR
emission from the nucleus, disk, and rings.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30172

Spectral Engery Distribution of low metallicity Blue Compact Dwarf Galaxies

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: James R. Houck, Cornell University

Co-Investigators:

Yanling Wu, Cornell University

Vassils Charmandaris, University of Crete
Lei Hao, Cornell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsPeakupImage MipsPhot
Hours Approved: 12.7

Abstract:

We propose to use IRAC and MIPS 70 micron band, together with SDSS and Palomar
spectra, to obtain the spectral energy distribution (SED) of a sample of blue
compact dwarf galaxies (BCD), which may be local laboratories for the study of
star formation in the early universe. Unlike normal starburst galaxies, which
have strong PAH bands, low-ionization emission lines and a continuum peaking
near 80 micron, the third-metal poor BCD, SBS0335-052E, shows no evidence of PAH
emission and a very flat mid-IR continuum peaking ~30 micron. Is this dramatical
difference common among typical BCDs and starburst galaxies? What is the
underlying physics? If the spectra of BCDs do peak at a much shorter wavelength,
it would be very important for us to have mid-IR flux densities shortward of 30
micron in order to better constrain the SEDs. The new IRAC and MIPS data,
together with 16 and 22 micron flux densitities obtained from our GTO program
and available optical spectra, will allow us to better understand the SEDs of
these BCDs. Faint as they are, the unprecedented sensitivity of Spitzer Space
Telescope will provides us a unique tool to complete this study and an insight
into the galaxy evolution in the most primodial-like environment.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40335

Dust and Gas in Extremely Low-Metallicity Blue Compact Dwarf Galaxies

Principal Investigator: James Houck
Institution: Cornell University

Technical Contact: Leslie Hunt, INAF - Istituto di Radioastronomia/Firenze

Co-Investigators:

Yanling Wu, Astronomy Department, Cornell University

Jeronimo Bernard-Salas, Astronomy Department, Cornell University
Bernhard Brandl, Leiden Observatory, Leiden University

Vassilis Charmandaris, University of Crete

Lei Hao, Astronomy Department, Cornell University

Vianney Lebouteiller, Astronomy Department, Cornell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 21.0

Abstract:

The power of Spitzer/IRS to penetrate dust and measure its emission has already
changed how we view star—-formation processes in metal-poor environments.

Despite theoretical expectations, it appears that dust in metal-poor
star—-forming regions dominates the spectral energy distribution and can heavily
obscure the optical light. Previous IRS GTO observations of blue compact dwarf
galaxies (BCDs) have begun the data set needed to understand how dust affects
star formation in low-metallicity environments and how dust grains themselves
are created in metal-poor starbursts. Exploratory IRS GTO observations have been
made of 61 BCDs, most only in peakup imaging mode, and of 26 observed
spectroscopically, only 11 had adequate data for analysis. The current proposal
will observe 7 extremely metal-poor BCDs which are sufficiently bright in the IR
for full coverage with adequate S/N in all IRS modules. The new observations
will be combined with those already in the Spitzer/IRS archive to achieve a
comprehensive BCD sample with oxygen abundances ranging from 2% to 40% solar,
and with several objects with good S/N in each metallicity bin. This will
provide a greatly improved assessment of how star—-formation properties of BCDs
depend on metal abundance. We request 21.0 hrs in IRS AORs.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50635

Jim’s Last Look at SBS0335-052

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Yanling Wu, Cornell University

Co-Investigators:

Vassilis Charmandaris, University of Crete
Vianney Lebouteiller, Cornell University
Jeronimo Bernard-Salas, Cornell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 10.3

Abstract:

We propose to reobserve SBS0335-052 with the IRS Short High module (10 to 20
micron and R ~ 500) with the paramount objective of detecting the Hua ( 12.37
micron) line flux. In previous observations we have detected lines of and [SIV]
10.51, [NeIII] 15.55, [SIII] 18.71, [OIV] 25.89, [SIII] 33.48, and [SiII] 34.82
micron. There is also a hint of Hua 12.37 and/or H2 (S2) 12.28 with SNR ~ 2.
With the ionic lines and a clear detection of Hua we will have a self contained
data set of lines for determining the abundances of the above elements. Our
earlier spectrum also shows a weak l4um PAH complex. Our proposal is to use an
integration time of 10 times longer as compared to the previous observations.
The expected SNR improvement will be at least a factor of 3. With this new data
set we will recompute the abundances for the above ions. The increased SNR will
provide a far better spectrum to identify the 14um PAH complex and a first view
of the 17 um complex as well. Achieving the expected SNR will give the deepest
view of this enigmatic BCD until JWST is flying.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #85

Dust and Gas in BCDs

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: James R. Houck, Cornell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsPeakupImage IrsStare
Hours Approved: 42.6

Abstract:

The objective is to learn about the formation of stars under conditions which
are similar the those under which the first generation of stars formed. The
regions of study are blue compact dwarf galaxies. These are low mass regions
which are undergoing their first, or more likely second, episode of star
formation. Typical metallicities range from 1/5 to 1/50 solar. The latter value
is typical of the metallicity following the first round of star formation. The
scientific questions which will be addressed include: What is the iozionation
state of the gas as assessed primarially by the NeII, NeIII and NeV, and the
SIII and SIV lines. Why are the PAH feature often absent in the ISO spectra of
BCDs. Are the star formation regions matter bound, as suggested by the presence
of NeIII, but not NeII. Why is NeIII sometimes seen to be very extended. What is
the MIR SED of BCDs, as measured by low resolution spectra. What are the
implications for determining the redshift of medium redshift of ULIRGs using the
PAH features if the PAH feature disappear at high z,and therefore low Z. What
are the implications for the infrared background radiation. What is the
extinction curve for dust formed under thse low metallicity conditions. The data
to answer these, and other related questions, will require both high and low
resolution spectra. Most objects will be imaged by the peak-up prior to taking
the spectra. Objects with known MIR fluxes will be observed directly without the
preceeding images. If the "success rate" with imaging is very high we will
consider eliminating the reimages.

Thursday March 25, 2010

xgal_covers.ixt

54/371



Printed_by_SSC

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 109/742

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 110/742

Spitzer Space Telescope — Guaranteed Time Observer Proposal #97

Molecular hydrogen content in nearby spirals

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Vassilis Charmandaris, Cornell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 2.0

Abstract:

It is believed that the ratio of molecular to atomic hydrogen remains constant
as a function of radius in late type spirals. The reason why the former is not
detected is that current methods of estimating the molecular gas mass are based
on indirect CO measurements which are metallicity depended. If the H2 to HI
ratio is constant then molecular gas could potentially constitute a considerable
fraction of the dark matter of a galaxy. We wish to examine this hypothesis by
directly mapping the molecular hydrogen profile, using the mid-IR H2 lines, in
one edge-on and one face-on spiral galaxy.

Spitzer Space Telescope — General Observer Proposal #3454

A Spitzer Study of Extraplanar Dust in Spiral Galaxies

Principal Investigator: J. Christopher Howk
Institution: UC San Diego

Technical Contact: J. Christopher Howk, University of Notre Dame

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 9.2

Abstract:

High-resolution optical continuum images of edge-on spirals have revealed an
extensive web of hundreds of dense, dusty clouds in the disk-halo interface of
these galaxies. These clouds, seen in gound-based and Hubble Space Telescope
(HST) images, are found at heights 0.4 < z < 2.0 kpc from the midplanes of ~1/2
of all spirals in the nearby universe, and their presence in the thick disks of
galaxies is likely the result of stellar feedback processes operating in the
thin disks of these systems. With masses >10"5 to 10”6 solar masses, these
clouds may house regions of thick disk star formation in galaxies, as evidenced
by the presence of extraplanar H II regions in several systems. We propose to
obtain Spitzer-IRAC maps of four edge-on spiral galaxies in the nearby universe
to study the distribution of dusty interstellar clouds and stars in the thick
disks of these systems. With the planned GTO observations of several other
galaxies, our proposed observations will complete a survey of all edge-on
systems within 30 Mpc known to contain extraplanar dust. We will use these
images to: (1) Determine the total vertical extent of small grains in galaxies,
including a determination of the scale height of PAHs within these systems; (2)
Search for massive star formation hidden from optical view in the dense thick
disk clouds; and (3) Determine the scale heights and lengths of stellar light in
these galaxies to determine the extent to which the thick disk dust affects such
determinations in the optical. We will use supplemental images acquired with the
WIYN 3.5-m telescope and WFPC2 imager on board the Hubble Space Telescope to
better understand the nature of extraplanar dust and gas in galaxies.
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Spitzer Space Telescope — General Observer Proposal #2310

Molecular Clouds and Star Formation in Dwarf Irregular Galaxies

Principal Investigator: Deidre Hunter
Institution: Lowell Observatory

Technical Contact: Deidre Hunter, Lowell Observatory

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 5.0

Abstract:

Molecular gas is an important component of the interstellar medium of galaxies
and plays a crucial role in star formation. Dwarf irregular (dIm) galaxies often
have intense stellar radiation fields due to the young, massive star
populations, low dust-to-gas ratios, and long path-lengths for photons.
Therefore, significant portions of the molecular gas in these galaxies could be
warm. We propose to explore this component of the ISM of a sample of dIm
galaxies through direct observations of H_2 in the S(0) and S(1) rotation lines.
We are targeting four representative HI/CO complexes in four representative dIm
galaxies that have been the target of our studies of the cold molecular content.
The four galaxies cover a range in galactic properties, including HI
distribution, metallicity, and total mass, and the four HI/CO complexes within
these galaxies cover a range in properties of HI complexes, particulary
relationship to Halpha and embedded star formation. Thus, we can determine the
molecular content of HI/CO complexes under a variety of galactic and local
environments in Im galaxies. We will use this to estimate the molecular content
of other galaxies in our large star—forming survey from HI and infrared maps.

Spitzer Space Telescope — General Observer Proposal #30653

Stellar Feedback on Circumcluster Gas and Dust in 30 Doradus, the Nearest
Super—Star Cluster.

Principal Investigator: Remy Indebetouw
Institution: University of Virginia

Technical Contact: Remy Indebetouw, University of Virginia

Co-Investigators:

Brian Babler, U Wisconsin
Francois Boulanger, IAS, Paris, France
Chad Engelbracht, U Arizona
Frederic Galliano, NASA Goddard
Karl Gordon, U Arizona

Joe Hora, CfA

Suzanne Madden, CEA Saclay
Marilyn Meade, U Wisconsin
Margaret Meixner, StSci

JD Smith, U Arizona

Linda Smith, UCL

Xander Tielens, NASA ames

Uma Vijh, StSci

Mike Werner, JPL

Mark Wolfire, U Maryland

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap MipsSed
Hours Approved: 81.2

Abstract:

Massive stars dominate the evolution of their host galaxies by energetic
feedback into the interstellar medium. Therefore, if we wish to understand
galaxy evolution, we must understand how massive star clusters process local gas
and dust (radiatively and mechanically), and how strong stellar winds interact
with the HII region. In particular, the most energetic form of star formation in
the universe occurs in super star clusters, which are an increasingly dominant
mode of star formation as one looks further back in time. The only super star
cluster near enough to be studied in detail with Spitzer (or any other existing
telescope) is 30 Doradus in the Large Magellanic Cloud. 30 Doradus is also the
ideal massive cluster to study because it has a very well characterized stellar
population, is extremely massive, and has subsolar metallicity. We propose a
complete spectral map of the 30 Doradus region with the IRS low-resolution
modules (5-38um) and MIPS/SED mode (55-95um). Analysis of the fine-structure
lines and aromatic features, using sophisticated modeling tools already
developed by our team, will allow a complete self-consistent understanding of
how this super-star cluster is affecting its circumcluster gas and dust.
Understanding the infrared emitting species (dust, PAHs, ionized gas) with this
unprecedented level of detail is a necessary step to quantitavely connect the
spectra of distant unresolved galaxies to the star formation in those galaxies.
This detailed analysis relies on simultaneous mapping of multiple diagnostic
line ratios and dust features, and thus can only be accomplished with
Spitzer/IRS (many of the diagnostic lines are not observable through the
atmosphere). Furthermore, conditions in 30 Dor are known to vary dramatically on
small scales, so a spatially and spectrally complete data cube will be the only
way to link the physical conditions of the gas, radiation, and dust.
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Spitzer Space Telescope — General Observer Proposal #50173

The Circinus Galaxy Revealed

Principal Investigator: Thomas Jarrett
Institution: Spitzer Science Center

Technical Contact: Thomas Jarrett, Spitzer Science Center

Co-Investigators:
Baerbel Koribalski, ATNF/CSIRO
Lister Staveley-Smith, University of Western Australia

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsScan
Hours Approved: 11.8

Abstract:

We propose to map the large-scale disk of the optically highly obscured Circinus
Galaxy, which remains the only major galaxy in the Local Volume (D < 10 Mpc)
whose stellar and ISM components have not been fully explored. And yet Circinus
is a most remarkable galaxy. Its close proximity offers a unique opportunity to
study in detail star formation processes that are known to be dominant during
the z=2-3 galaxy formation era. At a distance of about 3 Mpc, it is the closest
known spiral galaxy with a Seyfert 2 nucleus and star—-forming circumnuclear
ring. While its location behind the Milky Way prevents detailed visual
observations of the large-scale disk, we know from radio data that its neutral
hydrogen gas envelope is gigantic —-- about 100 kpc in diameter. With Spitzer the
Galactic Plane can be ‘stripped away’ and Circinus revealed as never seen
before, making it the premier laboratory for the study of the starburst-AGN
connection. High-resolution mid-infrared imaging of the Circinus galaxy with
Spitzer IRAC and MIPS will allow us to measure the size and structure of the
stellar disk, the variations in the gas—-to-dust ratio, and the radio-infrared
correlation.

Spitzer Space Telescope — General Observer Proposal #50362

NGC 6946: A Laboratory for Studying the Diversity of SNR Evolution

Principal Investigator: Thomas Jarrett
Institution: Spitzer Science Center

Technical Contact: Thomas Jarrett, Spitzer Science Center

Co-Investigators:

Jeonghee Rho, SSC

William Reach, IPAC/Caltech

David Hollenbach, ARC

Brent Buckalew, ERAU

Jonathan Keohane, Hampden-Sydney College
Thomas Pannuti, Morehead State University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 29.9

Abstract:

We propose Spitzer IRS spectral mapping of a sample of fifteen supernova
remnants (SNRS) in the nearby, face-on spiral galaxy NGC6946. Selected from deep
NIR imaging of the shock-sensitive emission lines [FeII] 1.644um and H2 2.121lum,
the SNRs are predominately located in the spiral arms where core-collapse SNe
trace the ongoing massive star formation. The SNR sample represents a set of
evolutionary ’‘snapshots’, following the earliest stages of a remnants life, t ~
few years, through the adiabatic expansion phase and into the radiative
‘snow-plow’ phase, t ~ 10”5 years. We will use our ’'snapshot’ sample to study
how the interaction between SNe and their birth clouds evolve from the earliest
stages to the relatively mature phase in which the remnant settles back into the
ISM. With our IRS spectral maps keyed to the location of shocked-gas based on
[FeII] 1.644um emission, we will detect and measure the most important shock
diagnostic lines, density and temperature sensitive ionic lines, and the major
PAH broad emission bands. In combination with an extensive body of ancillary
xray-to-radio data and models, our Spitzer data will allow us to: 1) investigate
the properties of the ISM within and surrounding SNRs, comparing across a
diverse range in SNR age, gas density, radiation field and metallicity
conditions, 2) test different shock and photoionization models that are
optimized for fast shocks, slow shocks, radiation field, grain destruction, dust
to gas coupling, and metal enrichment; (3) infer the supernova rate of NGC6946,
which can be compared with other starburst galaxies and with the Milky Way, and
(4) study the ULX 'hypernova’ candidate "MF16" and its birth environment,
comparing the strength and broadening of the H2 lines relative to the sample
SNRs and HII regions.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #482

IRS-LL Observation of the WISE Calibrator NGC 6552

Principal Investigator: Thomas Jarrett
Institution: IPAC/Caltech

Technical Contact: Thomas Jarrett, IPAC/Caltech

Co-Investigators:

Martin Cohen, UC Berkeley
Peter Eisenhardt, JPL

Amy Mainzer, JPL

Science Category: nearby galaxies
Observing Modes: IrsStare
Hours Approved: 0.5

Abstract:

The Wide-field Infrared Survey Explorer (WISE) will survey the entire sky at
3/4/12/23 micron bands down to depths of 0.1/0.2/0.7/3 mJy (5 sigma). The WISE
science team requests Spitzer DDT to measure the 15-35 micron spectrum of the
WISE flux calibrator NGC 6552. The purpose is to spectrally match the WISE 23
micron measurement with the MIPS 24 micron measurement that has already been
acquired in a previous set of observations. With IRS LL observations providing
the necessary mid-infrared spectral information of NGC 6552, it will then be
possible to construct an absolute flux calibration scale for the longest
wavelength measurements of WISE.

Spitzer Space Telescope — General Observer Proposal #30483

Environmental Effects on PAHs and VSGs in X-ray-bright Dusty Elliptical Galaxies

Principal Investigator: Hidehiro Kaneda
Institution: Japan Aerospace Exploration Agency

Technical Contact: Hidehiro Kaneda, Japan Aerospace Exploration Agency

Co-Investigators:

Takashi Onaka, University of Tokyo
Yoko Okada, University of Tokyo
Yuka Tajiri, University of Tokyo
Itsuki Sakon, University of Tokyo
Tetsu Kitayama, Toho University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 12.5

Abstract:

Elliptical galaxies provide dust with a unique environment, i.e. old stellar
radiation fields without active star formation and interstellar media (ISM)
mostly dominated by hot plasma. Small particles such as polycyclic aromatic
hydrocarbons (PAHs) and very small grains (VSGs) are expected to be easily
destroyed through sputtering by plasma ions. However, in our GOl program, we
have detected PAH emission features and prominent VSG mid-IR excess from
X-ray-bright dusty elliptical galaxies. The observed IRS/SL spectra are quite
unusual; the usually strong features at 6.2, 7.7, and 8.6 micron are very faint
in contrast to prominent features at 11.3 and/or 12.7 micron. A naive
interpretation is that the dominant emitters are neutral PAHs. We propose
IRS/SL&LL observations of 18 nearby elliptical galaxies with properties similar
to the GOl galaxies, which include IRS/LL observations of the GOl galaxies; we
did not observe them with the IRS/LL. The IRS spectra are ideal to study the
environmental effects on PAHs and VSGs; the IRS/SL is well matched to study
overall properties of PAHs, while the IRS/LL is crucial to discuss the
ionization state of PAHs and the properties of VSGs. Detection of aforementioned
unusual PAH features as well as the 16-18 micron plateaus would lay strong
constraints on the ionization state of the PAHs and thus their origins. If the
results really support the dominance of neutral PAHs, we may have to relinquish
a commonly-believed picture that dust and plasma are well mixed in the
interstellar space. Then how are the dust spatially separated from the plasma?
Detection of prominent mid-IR excess would reasonably explain efficient
interaction of the dust with the plasma. Then, how do we sustain the hot plasma
against the effective radiative cooling via a dust channel? Observational
results with the large sample would give a great impact on the understanding of
the dust and plasma physics and the evolutionary history of the ISM of the
elliptical galaxies.
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Spitzer Space Telescope — General Observer Proposal #3619

Observations of X-ray-bright Dusty Elliptical Galaxies

Principal Investigator: Hidehiro Kaneda
Institution: Japan Aerospace Exploration Agency

Technical Contact: Hidehiro Kaneda, Japan Aerospace Exploration Agency

Co-Investigators:

Takashi Onaka, University of Tokyo

Tetsu Kitayama, Toho University

Hidenori Takahashi, University of Tokyo

Hirohisa Nagata, National Astronomical Observatory of Japan
Yoshitomo Maeda, Japan Aerospace Exploration Agency
Motohide Kokubun, University of Tokyo

Shigeo Yamauchi, Iwate University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare MipsPhot
Hours Approved: 13.6

Abstract:

We propose to observe 5 nearby elliptical galaxies with a large amount of dust
and hot plasma, i.e. IR-bright and X-ray-bright ellipticals. We also observe 2
IR-bright but X-ray-faint ellipticals. The object of this proposal is to
challenge problems on the origin and the fate of excessive contents of the dust
in the X-ray-bright ellipticals where the dust is expected to be easily
destroyed through sputtering by plasma ions. How can such a large amount of the
dust survive? Does the dust really interact with the plasma? Spatially-resolved
imaging are crucial for our study; the MIPS has a great advantage over ISO and
IRAS on the imaging capability. We create color maps with the MIPS 3 bands and
compare them with X-ray images to search for the evidence on the collisional
heating of the dust by the plasma electrons. If the dust and the plasma really
coexist and affect each other, some correlation between the X-ray brightness and
the dust temperature distribution as well as the mid-IR excess should be
observed in our sample. The Spitzer capabilities would enable us for the first
time to obtain direct evidence on the interaction between the dust and the
plasma in the elliptical galaxies, if any. Such evidence would strongly supports
external process scenario, such as accretion during galaxy interaction, for the
dust origin to replenish the galaxies against the sputtering destruction. On the
other hand, if we find no evidence at all, we have to think about special
mechanism to separate the dust from the plasma so that the dust can escape the
bombardments by the plasma electrons and ions. In either case, the X-ray-faint
ellipticals in our sample would play an important role since a large fraction of
the dust is really unaffected by the plasma and thus can survive in these
galaxies. The IRS spectra provide us information on the dust properties, such as
presence (or not) of PAH and silicate features, and might be helpful to discuss
whether the remaining dust is of the internal origin or not.

Spitzer Space Telescope — General Observer Proposal #50369

Spatially-resolved study of PAHs and VSGs in elliptical galaxies

Principal Investigator: Hidehiro Kaneda
Institution: Japan Aerospace Exploration Agency

Technical Contact: Hidehiro Kaneda, Japan Aerospace Exploration Agency

Co-Investigators:

Takashi Onaka, University of Tokyo
Tetsu Kitayama, Toho University
Itsuki Sakon, University of Tokyo
Yoko Okada, ISAS/JAXA

Toyoaki Suzuki, ISAS/JAXA

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 18.5

Abstract:

To perform spatiall-resolved study of very small grains (VSGs) and PAHs in
elliptical galaxies, we propose to observe the three elliptical galaxies,
NGC4589, NGC4125, and IC3370, in a deep spectral mapping of central 1'x1’ area
with the IRS; the targets are carefully selected from our AKARI sample of nearby
elliptical galaxies. With Spitzer, we have found that a considerable amount of
PAHs as well as VSGs are present in nearby dusty elliptical galaxies, emitting
very unusual features: usually strong features at 6.2, 7.7, and 8.6 micron are
very faint in contrast to prominent features at 11.3 and 17 micron, which might
be explained by a dominance of neutral PAHs over ionized ones due to very soft
radiation fields from evolved stars. The Spitzer results have also exhibited the
presence of warm molecular and ionized gases, which is apparently inconsistent
with the dominance of neutral PAHs irradiated by soft radiation field. What are
the supplying sources of the dust in elliptical galaxies? How are they related
with the warm molecular and ionized gases? How can such small dust particles as
PAHs and VSGs survive sputtering destruction in the hot plasma of the elliptical
galaxies? The three elliptical galaxies have prominent PAH emissions at 11.3 and
17 micron as well as relatively strong mid-IR excess emission at wavelengths
longer than 25 micron; however we have no spatial information. Our earlier IRS
observations were performed in a staring mode by one pointing at the center of
each galaxy. Spatial information is indispensable to disentangle various
competing components and pursue follow-on studies of the above Spitzer
discoveries. For example, if the distributions of the dust are more extended
than the stellar distribution and smaller grains are abundant in outer regions,
it will support that the dust is of external origin. The spatially-resolved IRS
data can elucidate the origin and history of the dust, providing key information
about the evolution of the elliptical galaxies.
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Spitzer Space Telescope — General Observer Proposal #30406

Understanding the Blue-Sequence E/SO Population: Fading Remnants and Future
Spirals

Principal Investigator: Sheila Kannappan
Institution: University of Texas at Austin

Technical Contact: Sheila Kannappan, University of Texas at Austin

Co-Investigators:

Andrew Baker, Rutgers University

Shardha Jogee, University of Texas at Austin
Seppo Laine, Spitzer Science Center, CalTech
Rolf Jansen, Arizona State University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 18.8

Abstract:

Recent work has identified an intriguing population of field SO0 and disky E
galaxies that reside on the "blue sequence" in color-stellar mass parameter
space ——- i.e., the locus of spiral galaxies. While some must be young merger
remnants destined to fade onto the red sequence, many appear to be settled
products of long-ago mergers that have since rebuilt disks, as indicated by an
unusually high frequency of extended counterrotating stellar disks and polar
rings. Many also show signs of recent central star formation fueled by gas
inflow, which may reflect disky "pseudobulge" growth involving bars and/or
satellite interactions. Such galaxies could represent a long-sought missing link
in the hierarchical picture of galaxy formation: disk regrowth in post-merger
systems, potentially transforming E/SOs back into spirals. To examine possible
disk and bulge growth in this population, we propose a MIPS 24-micron + IRAC
4-band imaging survey of 18 blue-sequence E/SOs and 13 red-sequence E/SOs, with
the red-sequence systems serving as a control sample and enabling a search for
dust-reddened examples of the same evolutionary processes seen in the
blue-sequence systems. First, we will use stellar population analysis and
dynamical/structural characteristics to identify disk-building systems, fading
merger remnants, and disky or classical bulges. Second, we will measure the
quantity and spatial distribution of current and recent star formation in both
disks and bulges, to test whether (a) the two components grow in a
time-coordinated way, (b) the amount of star formation is sufficient to
transform galaxy morphology, and (c) the disk-building systems will grow to obey
the scaling relations between disk/bulge radius, mass, and velocity dispersion
observed for spirals. Spitzer is essential for this program because starbursts
and dust clearly compromise optical/near—-IR analyses of stellar populations and
star formation in blue-sequence E/SOs and possible red-sequence analogues.

Spitzer Space Telescope — General Observer Proposal #50819

Shocked Molecular Gas in Virgo Spirals Being Stripped

Principal Investigator: Jeffrey Kenney
Institution: Yale University

Technical Contact: Jeffrey Kenney, Yale University

Co-Investigators:

George Helou, IPAC/SSC

Eric Murphy, SSC

0. Ivy Wong, Yale University
Anne Abramson, Yale University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 17.7

Abstract:

We propose IRS spectroscopy in 4 Virgo cluster spiral galaxies with evidence for
strong ongoing ram pressure to search for evidence for shock-heating in the ISM.
The galaxies we have selected are those galaxies in Virgo with clear evidence
for strong ongoing ram pressure, from a wealth of radio continuum, optical,
infrared, and HI data. For shock diagnostics we will use both the H$_2$/PAH
ratios and the ortho-to-para ratios of H$_2$. We will explore correlations
between the H$ 2$/PAH ratio and the local radio deficit parameter, which is a
likely tracer of the strength of current ram pressure, to see whether the degree
of shock excitation of the molecular gas depends on the strength of ram
pressure. Shock excitation throughout the ISM may explain the enhanced global
radio-to-FIR ratios in these galaxies, and would teach us how ram pressure
energizes the ISM that is not stripped.
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Spitzer Space Telescope — Legacy General Observer Proposal #159

SINGS: The Spitzer Infrared Nearby Galaxies Survey —— Physics of the
Star-Forming ISM and Galaxy Evolution

Principal Investigator: Robert Kennicutt
Institution: University of Arizona

Technical Contact: Chad Engelbracht, The University of Arizona

Co-Investigators:

Lee Armus, Spitzer Science Center

Daniela Calzetti, STScI

Daniel Dale, Caltech

Bruce Draine, Princeton University

Chad Engelbracht, University of Arizona
Karl Gordon, University of Arizona

George Helou, Caltech

David Hollenbach, NASA/Ames Research Center
Claus Leitherer, STScI

Sangeeta Malhotra, Johns Hopkins University
Michael Regan, STScI

George Rieke, University of Arizona

Marcia Rieke, University of Arizona
Michele Thornley, Bucknell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap MipsScan MipsSed
Hours Approved: 512.0

Abstract:

We propose a comprehensive Legacy survey to characterize the infrared emission
across the entire range of galaxy properties and star formation environments,
including regions that until now have been inaccessible at infrared wavelengths.
SINGS will provide: 1) New insights into the physical processes connecting star
formation to the ISM properties of galaxies; 2) A vital foundation of data,
diagnostic tools, and astrophysical inputs for understanding SIRTF observations
of the distant universe and ultraluminous and active galaxies; and 3) An archive
that integrates visible/UV and IR/submillimeter studies into a coherent
self-consistent whole, and enables many follow-up investigations of star
formation and the ISM. SINGS will characterize the large-scale infrared
properties of galaxies and their principal infrared-emitting components through
SIRTF imaging and low-resolution spectroscopy of 75 nearby galaxies ($d < 30§
Mpc), and targeted high- resolution spectroscopy of their centers and a
representative set of extranuclear IR-emitting regions in the galaxies. These
data will be combined with an extensive library of ground- and space-based data
at other wavelengths.

Spitzer Space Telescope — Legacy General Observer Proposal #40204

The Local Volume Legacy Survey

Principal Investigator: Robert Kennicutt
Institution: University of Cambridge and University of Arizona

Technical Contact: Charles Engelbracht, University of Arizona

Co-Investigators:

Ayesha Begum, University of Cambridge

Daniela Calzetti, University of Massachusetts

Julianne Dalcanton, University of Washington

Danny Dale, University of Wyoming

Charles Engelbracht, University of Arizona

Jose Funes, Vatican Observatory

Amando Gil de Paz, University of Madrid

Karl Gordon, University of Arizona

Benjamin Johnson, Columbia University

Janice Lee, NOAO/Carnegie

Shoko Sakai, UCLA

Evan Skillman, University of Minnesota

Liese van Zee, Indiana University

Fabian Walter, MPIA

Daniel Weisz, University of Minnesota

Benjamin Williams, University of Washington

Yanling Wu, Cornell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsScan
Hours Approved: 280.5

Abstract:

The Local Volume Legacy (LVL) is an IRAC and MIPS survey of a volume—complete
sample of 258 galaxies within the 11 Mpc local volume. Its broad goal is to
provide critical insight into two of the primary processes that shape the growth
of galaxies: star formation and its interaction with the interstellar medium.
This goal will be accomplished by investigating the spatially-resolved star
formation, dust, and red stellar populations of local galaxies which span the
full diversity of luminosities, surface brightnesses, metallicities, dust
properties, and star formation properties. The survey will also provide an
infrared and multi-wavelength census of the Galactic neighborhood, exploiting
the highest spatial resolution and absolute depth achievable with Spitzer. LVL
is unique in that it extends current Spitzer observations of galaxies to an
unbiased, fully representative, and statistically robust sample of nearby
galaxies. The tiered survey includes: (1) all known galaxies inside a sub-volume
bounded by 3.5 Mpc (HST ANGST Treasury survey), and (2) an unbiased sample of
S-Irr galaxies within the larger, and more representative, 11 Mpc sphere (GALEX
11HUGS survey). Our strategy provides volume-complete coverage of galaxies over
the entire luminosity function, with the minimum sample needed to fully
characterize the local galaxy population. The Spitzer observations will leverage
a rich suite of multi-wavelength ancillary data from the ANGST and 11HUGS
surveys, including H-alpha and GALEX UV imaging, stellar population mapping with
HST, HI mapping with the VLA and GMRT, and broad-band optical imaging and
spectroscopy, to enhance the scientific return and provide an enduring core
dataset on the Galactic neighborhood for the scientific community at large.
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Spitzer Space Telescope — General Observer Proposal #50407

Mapping Warm H2 in M51: Impacts of Global Galactic Dynamics on Molecular Clouds
and Their Formation

Principal Investigator: Jin Koda
Institution: California Institute of Technology

Technical Contact: Jin Koda, California Institute of Technology

Co-Investigators:

Nick Scoville, Caltech
Adwin Boogert, Caltech/IPAC
Caroline Bot, Caltech

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 32.3

Abstract:

We propose to investigate ISM evolution and turbulence driven by large-scale
galactic dynamics, using the high spectral-resolution IRS (SH&LH) mapping of a
large region (3.6x3.6kpc2) in M51. We will use three H2 lines, i.e. S(0), S(1),
and S(2), as signposts of warm gas, local shocks, and turbulence. We will
investigate their distributions in global galactic structures and dynamics. The
proposed region covers two successive spiral arms and an interarm region in
between; and therefore, we can trace the variations of ISM properties
continuously along gas flows from one arm to the other. Our high-fidelity
CO(J=1-0) map from the CARMA key science project complements this Spitzer
project. We will correlate the ISM properties derived from Spitzer (e.g.
temperature, surface density, and warm/cold gas fraction), with global and local
gas dynamics and distribution traced with CARMA. From the variations of S(0),
S(1l), and S(2) line ratios over global scale, we will investigate the impacts of
global galactic dynamics on interstellar turbulence, and on the formation and
lifetime of molecular clouds.

Spitzer Space Telescope — General Observer Proposal #30914

Spitzer Study of the Hidden Galaxy HIZOAJ0836-43

Principal Investigator: Ren’ee Kraan—-Korteweg
Institution: University of Cape Town

Technical Contact: Ren’ee Kraan-Korteweg, University of Cape Town

Co-Investigators:

Patrick Woudt, Cape Town Univ.

Thomas Jarrett, Caltech

Lister Staveley-Smith, CSIRO/ATNF
Baerbel Koribalski, CSIRO/ATNF
Jennifer Donley, University of Arizona
Tony Fairall, Univ. of Cape Town

Anja Schroder, Univ. of Leicester
Phil Appleton, SSC/Caltech

Patricia Henning, Univ. of New Mexico
Ken Wakamatsu, Gifu Univ.

Taka Nagayama, Kyoto University

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap IrsStare MipsScan
Hours Approved: 12.1

Abstract:

We aim to study the extremely massive spiral galaxy HIZOAJ0836-43 (Vh = 10689
km/s) with the Spitzer Space Telescope. This optically obscured galaxy was
detected in a systematic HI survey of the southern Zone of Avoidance. Its

intriguing properties —-- enormous HI and dynamical mass, despite a NIR
morphology suggestive of S0 or Sa type, and an active central starforming bulge
indicative of starburst activity or even an AGN —- have led to many questions

about its nature and origin (Kraan—-Korteweg et al. 2005; Staveley-Smith et al.
2005; Donley et al. 2006). High-resolution Spitzer IRAC & MIPS images of
HIZOAJ0836-43 are essential to reveal the stellar and dust content of its disk,
the extent of the disk and its morphology, while IRS spectroscopy is needed to
investigate the nature of the nucleus and test for the presence of an AGN. We
also wish to study the environment of HIZOAJ0836-43 which appears to lie in a
high-density filament associated with the Shapley cluster and understand how
such a supermassive galaxy could have formed by today within the current
hierarchical galaxy formation models.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #276

A new class of transients

Principal Investigator: Shrinivas Kulkarni
Institution: Caltech

Technical Contact: Arne Rau, Caltech

Co-Investigators:
A. Rau, Caltech
E. Ofek, Caltech
L. Yan, SSC

Science Category: Nearby Galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsPeakupImage
Hours Approved: 9.3

Abstract:

The two most common astronomical explosions are novae and supernovae. It has
long been noted that there is a curious dearth of explosive events with
brightness in between these two classes. We have uncovered and followed up such
an event located in the outskirts of the nearby lenticular galaxy Messier 85.
This object, hereafter M85 OT 2006-1, peaked at an absolute R-band magnitude of
-13 and released ~10E47 erg over the first two month. The optical light curve
showed steady emission for about 100 days together with a shift of the peak
frequency from optical to near—-IR. This resembles two other mysterious
transients, the enigmatic M31-RV in M31 as well as V838 Mon in the Milky Way.
However, M85 OT 2006-1 is even more challenging to understand given that it is
more luminous by an order of magnitude. One possibility for their origin is the
merger of a star with a companion, either another star or brown dwarf. Based on
the evolution of V838 Mon, the spectrum of M85 OT 2006-1 can be expected to
shift further to the thermal infrared. Here we propose to use IRAC for deep
imaging from 3.6 to 8 microns in order to monitor the IR evolution of the source
and diagnose the mass and geometry of the ejecta.

Spitzer Space Telescope — General Observer Proposal #20801

Resolving the Controversy about the Anomalous Arms in NGC 4258

Principal Investigator: Seppo Laine
Institution: Caltech

Technical Contact: Seppo Laine, Caltech

Co-Investigators:
Christos Siopis, University of Michigan

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 0.9

Abstract:

NGC 4258 is an exceptional nearby spiral galaxy with anomalous kpc-scale radio
continuum and ionized hydrogen arms. These arms have been interpreted as jet
features by most investigators, but an alternative explanation as a bar-induced
feature has also been presented. Understanding the unique radio continuum
morphology is important. To do that, the question of the origin of the anomalous
structure must be first settled. We propose IRAC observations of the PAH
emission near 8 microns in this galaxy. These observations have the potential of
settling the origin of the anomalous feature in NGC 4258. A bar-induced origin
would predict single ridges of emission along the leading edges of the bar. On
the other hand, a jet would bore through the ISM and create a channel and the
emission would have two ridges. Thus the extinction-free morphology of the PAH
emission would reveal the origin of the anomalous feature. We will also get 4.5
micron images that would reveal the exact location of any oval distortion of bar
in the galaxy. PAH emission is expected to be excited since there is lots of
ionized hydrogen emission along the anomalous feature. Short (1 hour)
observations are requested. The results will be compared to another barred
galaxy with a possible kpc-scale anomalous radio continuum feature, NGC 7479.
Observations for that galaxy will be obtained in a GTO program and we will take
them from the archive when they become available in the summer of 2005.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40079

Dense and diffuse H2 in star—-forming galaxies

Principal Investigator: Vianney Lebouteiller
Institution: Cornell University

Technical Contact: Vianney Lebouteiller, Cornell University

Co-Investigators:

Daniel Devost, Cornell University

Jeronimo Bernard-Salas, Cornell University
Yanling Wu, Cornell University

Jim Houck, Cornell University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 5.2

Abstract:

Molecular material is thought to be a necessary ingredient for star—formation.
The study of the molecular content in star—-forming galaxies gives valuable
insights into galaxy evolution: where, when, and how do galaxies start to form
molecules? What impact does it have on the star formation history? Preliminary
results on the dense and diffuse H2 content in a small sample of objects
observed with IRS and FUSE indicate that the lack of H2 detection could probe
genuinely young systems, with one or few star—formation episodes. Moreover, it
seems that the paucity of dense H2 in some objects can be explained by extremely
hard radiation. We propose to investigate further and answer these questions by
doubling the existing cross—-sample of objects observed with the IRS and FUSE.

Spitzer Space Telescope — Theoretical Research Proposal #20436

Modeling the Dust Infrared Emission from Nearby Galaxies

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

Technical Contact: Aigen Li, University of Missouri-Columbia

Co-Investigators:
Bruce Draine, Princeton University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Dollars Approved: 80000.0

Abstract:

Based on the silicate—graphite-PAHs interstellar grain model, we propose to
model the dust IR emission from nearby galaxies obtained by Spitzer on a
pixel-by-pixel basis. The dust, consisting of a mixture of silicate grains and
carbonaceous grains (graphite and PAHs) and spanning a wide range of sizes from
a few angstroms to a few micrometers, is heated by starlight with a range of
intensities in each pixel. By fitting the IRAC, MIPS photometry and IRS
spectroscopy of each pixel, we will be able (1) to determine the spatial
distribution of dust, the spatial distribution of starlight intensity, and the
regional variation of the PAH abundance and properties within a galaxy, (2) to
see how the dust mass and the abundance and properties of the PAHs vary from
galaxy to galaxy, and (3) to relate the dust mass and the PAH abundance and
properties with environmental conditions and galaxy type. We will calculate the
temperature probability distribution functions for small grains (neutral PAHs
and charged PAHs; silicate and graphite grains smaller than 250 Angstrom), as
well as the steady temperatures of large graphite and silicate grains, for a
wide range of sizes, exposed to starlight of a wide range of intensities and of
a wide range of spectral shapes. We will build a ‘‘library’’ of temperature
probability distribution functions and model IR emission spectra for each grain
species of each grain size, heated by each starlight intensity of each starlight
spectrum. This ‘‘library’’ will be made available to the astronomical community
on WWW at http://www.astro.princeton.edu/~draine/dust/dust.html. This
‘*library’’ will be very useful for interpreting the IR emission data
(particularly the PAH emission features) obtained by Spitzer for both Galactic
and extragalactic objects.
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Spitzer Space Telescope — Archive Research Proposal #40070

GALEX-Spitzer study of resolved galaxies

Principal Investigator: Barry Madore
Institution: Carnegie Institution of Washington

Technical Contact: Barry Madore, Carnegie Institution of Washington

Co-Investigators:

Samuel Boissier, Laboratoire d'Astrophysique de Marseille
Alessandro Boselli, Laboratoire d’Astrophysique de Marseille
Veronique Buat, Laboratoire d’Astrophysique de Marseille
Denis Burgarella, Laboratoire d’Astrophysique de Marseille
Timothy Heckman, Johns Hopkins University

Mark Seibert, Carnegie Observatories

Armando Gil de Paz, Universidad Complutense de Madrid

Pablo Perez Gonzalez, Universidad Complutense de Madrid
Daniel Dale, University of Wyoming

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Dollars Approved: 139102.0

Abstract:

The aim of this proposal is to extract, cross—compare and study the intersection
of nearby galaxies observed with GALEX with those currently contained in the
Spitzer archive. We have already determined that the sample for which Spitzer
data are available is representative of the entire GALEX Atlas of Nearby
Galaxies, which covers the range of the observed properties of the field galaxy
population as judged by optical and FIR luminosities and colors. The combined
sample is already a factor of 4 larger that the number of objects of SINGS.
This is now enough to allow statistical studies on sub-sets even when
down-selecting to a specific group of galaxies (e.g., chosen according to
sub-type, colors, luminosities, environment, etc.). A wide range of scientific
issues can be addressed with the UV+far-infrared spatially resolved data. Our
prime scientific objective will be the study of the properties of dust
attenuation in all star formation regimes (from normal to starburst galaxies),
on a local basis (in individual regions, and along profiles). The obtained
products will be made available to the community, as is already the GALEX Atlas
of nearby galaxies.

Spitzer Space Telescope — Archive Research Proposal #50100

The Dust — AGN Connection in Early-Type Galaxies

Principal Investigator: Paul Martini
Institution: Ohio State University

Technical Contact: Paul Martini, Ohio State University

Co-Investigators:
Thaisa Storchi-Bergmann, UFRGS
Ramiro Simoes Lopes, UFRGS

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Dollars Approved: 100000.0

Abstract:

While many efforts over the years have searched for evidence of the fueling
mechanism(s) of Active Galactic Nuclei, we recently identified the first
substantial difference between the hosts of AGN and inactive galaxies: all AGN
in early-type galaxies show evidence for circumnuclear dust, while dust is only
present in a minority (about 25%) of inactive, early-type galaxies. These
observations suggest that circumnuclear dust, within hundreds of parsecs of the
centers of these galaxies, is a necessary condition for fueling the central,
supermassive black hole, and that the AGN may affect the observed dust
morphology or its absence. However, this analysis was based on HST observations
that were primarily sensitive to clumpy dust on small scales, rather than the
diffusely distributed dust identified in many infrared studies of elliptical
galaxies. As over 90% of our sample (60 galaxies) have archival Spitzer IRAC and
MIPS observations, we propose to search for diffuse dust between our
well-matched sample of AGN and inactive galaxies and determine if these
pronounced differences also hold for diffuse dust. We will also use these
infrared observations to estimate the total attentuation by dust and place
constraints on the total dust mass in ellipticals, which can be used to infer
the dust survival time against sputtering.
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Spitzer Space Telescope — General Observer Proposal #50102

Secular Evolution at the End of the Hubble Sequence

Principal Investigator: Paul Martini
Institution: Ohio State University

Technical Contact: Paul Martini, Ohio State University

Co-Investigators:

Tosten Boeker, ESA

Eva Schinnerer, MPIA-Heidelberg
Ute Lisenfeld, Universidad Granada

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 2.8

Abstract:

The bulgeless disk galaxies at the end of the Hubble Sequence evolve at a
glacial pace relative to their more violent, earlier-type cousins. The causes of
their internal, or secular evolution are important because secular evolution
represents the future fate of all galaxies in our accelerating Universe and is a
key ingredient to understanding galaxy evolution in lower-density environments
at present. The rate of secular evolution is largely determined by the stability
of the cold ISM against collapse, star formation, and the buildup of a central
bulge. Key diagnostics of the ISM’'s stability are the presence of compact
molecular clouds and narrow dust lanes. Surprisingly, edge-on, bulgeless disk
galaxies with circular velocities below 120 km/s do not appear to contain such
dust lanes. We propose to obtain IRAC images of a well-selected sample of
extremely late-type disk galaxies to measure the intensity and concentration of
PAH emission to determine if they possess the molecular gas necessary to drive
secular evolution and early evidence for pseudobulge growth. Our sample has been
carefully constructed to include disk galaxies above and below the critical
circular velocity of 120 km/s where the dust properties of edge-on disks change
so remarkably. These data, when combined with our HST ACS images of the dust
attenuation, VLA HI observations, and IRAM CO data, will provide a complete
picture of the ISM in the bulgeless disk galaxies at the end of the Hubble
Sequence.

Spitzer Space Telescope — Theoretical Research Proposal #40229

Evolution of Dust in Elliptical Galaxies

Principal Investigator: William Mathews
Institution: University of California, Santa Cruz

Technical Contact: William Mathews, University of California, Santa Cruz

Co-Investigators:
Fabrizio Brighenti, University of Bologna
Pasquale Temi, Nasa Ames Research Center & SETI Institute

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Dollars Approved: 79447.0

Abstract:

We request funding to develop a theoretical understanding of the complex and
fascinating life cycle of interstellar dust in elliptical galaxies. Our recent
Spitzer observations show that many otherwise normal elliptical galaxies have
unexpected extended regions of cold dust with masses exceeding that of dust
produced by a normally evolving local old stellar population. The dust lifetime
is only ten million years in the hot interstellar gas. In one galaxy excess dust
is observed in a highly asymmetric, plume-like extension out to five kiloparsecs
from the center and coincident with warm gas that emits optical line emission.
Since the excess dust is highly transient, it must be internally produced (not
by mergers) on a frequent duty cycle of about ten million years. Evidently, the
extended dust in these normal ellipticals originates in small dusty nuclear
disks a few hundred parsecs in size which are commonly observed and contain
enough dust to account for the extended dust we observe. We request funding to
study the kinematic and thermal evolution of dust lost by normally evolving
stars, and to demonstrate in detail how dust from stars in galactic cores
collects into small disks. With gasdynamical computations we will show how disks
form in rotating elliptical galaxies and investigate their properties. Then we
will disrupt the disks with intermittent energy associated with the active
galactic nucleus (central black hole) and compute how heated dusty gas is
transported out into the hot gas in buoyant plumes. Preliminary calculations
show that dust eventually cools the buoyant gas, explaining the presence of
extended plumes of warm gas that emits optical emission lines. The astronomical
implications of this unexpected excess dust we observed with Spitzer -- and now
wish to study in more detail -- are far-reaching and provide new information
about energetic processes in galactic cores.
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Spitzer Space Telescope — General Observer Proposal #20432

The Interstellar Medium of Low Surface Brightness Disk Galaxies

Principal Investigator: Lynn Matthews
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Lynn Matthews, Harvard-CfA

Co-Investigators:
Kenneth Wood, St. Andrews University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsScan
Hours Approved: 9.2

Abstract:

Low surface brightness (LSB) spiral galaxies are one of the most common classes
of disk galaxy in the local universe, yet little is known about the detailed
structure and composition of their interstellar medium (ISM). This has
implications for our understanding of star formation in a wide range of
low—-density, low-metallicity galactic environments. We propose IRAC and MIPS
imaging of a sample of three edge-on, LSB spirals, two of which have been
recently detected in CO. Our study will explore how the distributions of warm
and cold dust are correlated with other ISM and star formation tracers,
including HI, H alpha, CO, and dark clouds seen in optical images. Additional
goals include searching for a radially or vertically extended component of cold
dust in LSB spirals that may trace an underlying dark baryonic component, and
obtaining robust measurements of the stellar mass of LSB disks. With the aid of
3-D Monte Carlo radiative transfer models, we will use our data to assess the
structure and energy balance of the ISM of LSB spirals and to constrain the
nature of their past and present star formation.

Spitzer Space Telescope — General Observer Proposal #50111

The Spitzer Tully-Fisher Relation

Principal Investigator: Stacy McGaugh
Institution: University of Maryland, College Park

Technical Contact: Stacy McGaugh, University of Maryland, College Park

Co-Investigators:
Jim Schombert, University of Oregon
Erwin de Blok, University of Capetown

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap
Hours Approved: 7.7

Abstract:

We propose to investigate the Tully-Fisher (TF) relation in the Spitzer IRAC
bands. The slope of the TF relation, which is the most fundamental relationship
reflecting galaxy formation scenarios, increases from B to K band passes, and
the scatter around the relation decreases over the same range. We seek to
determine if this trend continues, or if it saturates at a value set by an
intrinsic relation between mass and rotation velocity. Indeed, this intrinsic
"baryonic" Tully-Fisher relation provides the one of the most direct test of
galaxy formation scenarios. Our target sample possesses extensive supporting
data, including BVJK photometry (at a minimum; other bands and Halpha are often
available) and high quality extended HI velocity fields. It is selected to cover
the widest possible range in circular velocity, from 20 to 320 km/s. This large
dynamic range is essential to constraining the slope of the TF relation,
complementing and considerably extending the range of galaxies represented in
the Spitzer archive. We will use these data to measure the impact of extinction
and star formation on the intrinsic TF relation, and to test the efficacy of
competing estimators of the stellar mass. This will produce an empirical
calibration of the Spitzer Tully-Fisher relation and insight into its physical
significance.
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Spitzer Space Telescope — Archive Research Proposal #50243

Star Formation and the Tully-Fisher Relation

Principal Investigator: Stacy McGaugh
Institution: University of Maryland, College Park

Technical Contact: Stacy McGaugh, University of Maryland, College Park

Co-Investigators:
Jim Schombert, University of Oregon
Erwin de Blok, University of Capetown

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Dollars Approved: 25000.0

Abstract:

We propose to investigate the Tully-Fisher (TF) relation in archival Spitzer
data. The slope of the TF relation, which is the most fundamental relationship
reflecting galaxy formation scenarios, increases from B to K band passes, and
the scatter around the relation decreases over the same range. We seek to
determine if this trend continues, or if it saturates at a value set by an
intrinsic relation between mass and rotation velocity. Indeed, this intrinsic
"baryonic" Tully-Fisher relation provides the one of the most direct test of
galaxy formation scenarios. Our target sample possesses extensive supporting
data, including BVJK photometry (at a minimum; other bands and Halpha are often
available) and high quality extended HI velocity fields. We will use these data
to measure the impact of extinction and star formation on the intrinsic TF
relation, and to test the efficacy of competing estimators of the stellar mass.
This will produce an empirical calibration of the Spitzer Tully-Fisher relation
and insight into its physical significance.

Spitzer Space Telescope — General Observer Proposal #50332

Starbursts: Emitters or Absorbers?

Principal Investigator: Sally Oey
Institution: University of Michigan

Technical Contact: Jane Rigby, University of Arizona

Co-Investigators:
Jane Rigby, Carnegie Observatories

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 11.9

Abstract:

Recent results show that starbursts have comparatively less diffuse, warm
ionized medium than other star-forming galaxies. This intriguing effect may be
caused by either the escape of ionizing radiation from starburst galaxies, or by
comparatively higher absorption of the photons by dust. The former scenario has
vital consequences for understanding the ionization and evolution of the cosmic
web, the intergalactic environment of starbursts, the reionization of the
universe, and the energy budget of star-forming galaxies. We propose Spitzer
MIPS observations, which will be used together with optical and UV archive data
from GALEX, to evaluate the full SED and emission morphology of the galaxies.

We will then do radiative transfer modeling to understand and determine the
energy budget and fate of the Lyman continuum photons. Our sample comprises 13
starburst galaxies with known low fractions of warm ionized medium and a control
sample of 10 ordinary star—-forming galaxies. Thirteen galaxies have archive
observations; we propose for the remaining ten.
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Spitzer Space Telescope — General Observer Proposal #20469

The Properties of Dust in Population II: Spitzer Survey of the Carina Dwarf

Principal Investigator: Knut Olsen
Institution: National Optical Astronomy Observatory

Technical Contact: Knut Olsen, National Optical Astronomy Observatory

Co-Investigators:

Robert Blum, NOAO

Jeremy Mould, NOAO

Michael Werner, JPL

Jay Frogel, AURA/The Ohio State University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsScan
Hours Approved: 38.1

Abstract:

We propose to use Spitzer to identify the primary sources of stellar mass loss
in the Carina dwarf spheroidal galaxy. Carina is unique among resolved stellar
populations in that the bulk of its stars are only a few billion years old, yet
they have an extreme Population II chemical composition. The spectral energy
distributions we derive will characterize, for the first time, the nature and
content of dust formed by metal-poor stars as old as the universe was at z~1.
As such, our survey will provide a critical component to models that aim to
predict the spectra of galaxies at an early epoch. Carina’s unique mix of
stellar populations also makes it an important testbed for galactic chemical
evolution models. Our data will connect the chain of Carina’s chemical
evolution, as expressed by stellar abundances, with the current output of metals
ejected by its asymptotic giant branch stars in the form of dust.

Spitzer Space Telescope — Theoretical Research Proposal #20040

Global Modeling of Spur Formation in Spiral Galaxies

Principal Investigator: Eve Ostriker
Institution: University of Maryland

Technical Contact: Eve Ostriker, University of Maryland

Co-Investigators:

Stuart Vogel, University of Maryland
Misty Lavigne, University of Maryland
Rahul Shetty, University of Maryland

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Dollars Approved: 73552.0

Abstract:

Spitzer 8 micron Legacy images of M51 and other SINGS galaxies show, in addition
to the classic ‘‘beads on a string’’ associated with localized star formation,
striking intermediate-scale filamentary structures. These features consist of
many trailing ‘‘spurs’’ extending from the main arms well into the interarm
regions. Cospatial ‘‘spur—-like’’ dust lanes are also evident in HST optical
images of M51 and other disk galaxies —— including barred and flocculent types
—— suggesting that a similar dynamical process drives their development in many
systems. We believe that these spurs are created by the magneto-Jeans
instability (MJI), and that nonlinear evolution of the MJI leads to
fragmentation into GMCs, and subsequently arm and interarm HII regions. In
previous MHD simulations using a simplified local model, the PI demonstrated the
formation of gaseous spurs and bound clouds with masses and spacings similar to
observations. We propose to extend these models into the global domain, which
will allow for realistic effects including curvature of spiral arms, spatial
variation of the background surface density, and gradients in the background
flow velocity relative to the spiral pattern. In addition to modeling tuned for
specific galaxies, we also plan to perform a larger survey to explore the
parameter dependence of structural and dynamical development. Since much of the
arm and interarm 8 micron emission is produced by PAHs in dusty clumps and
filaments, and star formation may be driven by the corresponding gas
enhancements, understanding how the ISM is concentrated into these structures
may be key to interpretation of many existing and future Spitzer data sets.
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Spitzer Space Telescope — General Observer Proposal #30254

A panchromatic study of extragalactic HII regions

Principal Investigator: Els Peeters
Institution: NASA Ames Research Center

Technical Contact: Els Peeters, SETI Institute

Co-Investigators:

Alexander Tielens, NASA Ames Research Center
Jeronimo Bernard-Salas, Cornell University
Louis Allamandola, NASA Ames Research Center

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 24.4

Abstract:

Star formation rates (SFR) are considered the key to understanding galaxy
formation and evolution. All wavelength regions have been exploited to determine
the SFR by studying massive star forming regions at all redshifts. Indeed,
traditionally, SFR in galaxies are determined based upon H alpha, FIR and the
UV. In recent years, MIR tracers of star formation activity of galaxies have
been explored but their quantitative use is still under debate. Here, we propose
to obtain Spitzer—-IRS SL-LL observations of a sample of well-characterized HII
regions in two galaxies, M33 and M83. These HII regions span a wide range in
galactocentric radii and hence metallicity. These metallicities have been
determined through an earlier, unrelated investigation (PID 3412 & 20057; PI
Rubin). The proposed observations are complementary to existing auxiliary data
and are in fact the missing link for a panchromatic view of individual
extragalactic HII regions. This proposal will provide, for the first time, a
quantitative estimate of the effects on the MIR characteristics of extagalactic
HII regions of parameters such as the metallicity, the hardness of the stellar
radiation field (NeIII/NeII and/or SIV/SIII ratios), density (NeIII and/or SIII
line ratios), stellar luminosity (radio, H alpha) can be systematically
investigated. Hence, the proposed observations form the basis for a systematic
study of PAH and dust properties, their dependency on the physical conditions of
the environment and their usefulness as a quantitative tracer for star
formation. As a result, this study will influence the interpretation of star
forming regions on small and large scales and distances out to the era of
vigorous star formation activity.

Spitzer Space Telescope — Directors Discretionary Time Proposal #487

An IRS Spectrum of the Luminous Transient in NGC 300

Principal Investigator: Jose Prieto
Institution: Ohio State University

Technical Contact: Jose Prieto, Ohio State University

Co-Investigators:

Christopher Kochanek, Ohio State University

Krzysztof Stanek, Ohio State University

Alceste Bonanos, Carnegie Institution of Washington DTM

Science Category: nearby galaxies
Observing Modes: IrsStare
Hours Approved: 1.0

Abstract:

We propose obtaining an IRS spectrum of the luminous transient discovered in the
nearby galaxy NGC 300 on May 16, 2008. This transient shares remarkably similar
properties with SN~2008S discovered earlier this year in NGC 6946: they have
peak absolute magnitudes approx. —14, intermediate between bright novae and
low-luminosity core-collapse supernovae, and optical spectra dominated by
relatively broad Balmer lines in emission, similar to some type IIn supernovae
and LBV outbursts. Most surprisingly, both transients had progenitors identified
in Spitzer pre-explosion archival images as ~10 Msun stars enshrouded in their
own optically-thick circumstellar dust. These transients, along with the
luminous transient discovered in the Virgo galaxy M85 in 2006, are most likely
part of a new class of stellar explosions/eruptions of dusty-massive stars
unveiled by Spitzer observations. A low-resolution IRS spectrum will help us
characterize the composition of its circumstellar dust and the nature of the
explosion.
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Spitzer Space Telescope — General Observer Proposal #20695

Intergalactic HII Regions: Probing a Non-Standard Mode of Star Formation

Principal Investigator: Mary Putman
Institution: University of Michigan

Technical Contact: Mary Putman, University of Michigan

Co-Investigators:

Emma Ryan-Weber, Cambridge University
Jessica Werk, University of Michigan
Martin Meyer, STScI

M.S. Oey, University of Michigan

Rob Kennicutt, University of Arizona
Gerhardt Meurer, JHU

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 7.5

Abstract:

We propose to image intergalactic HII regions with both IRAC and MIPS in all
their bands, contributing to our understanding of star formation in extreme low
density environments with no obvious external trigger. These HII regions
represent star formation proceeding in an entirely different mode from the
standard Schmidt law understanding. With MIPS, we plan to measure cold dust
emission in the vicinity of these recently discovered objects and compare these
measurements to regions with similar HI column densities that have not formed
stars. The comparison will test the hypothesis that stars only begin forming in
low density gas that is dust-rich. With IRAC, we will measure the warm dust
emission near the intergalactic HII regions, as traced by PAH emission. IRAC
observations will also identify any associated older stellar populations and
assess the relationship of intergalactic HII regions to satellite galaxies.

Spitzer Space Telescope — General Observer Proposal #30256

Tracing the eventful life of field early-type galaxies with the silicate
emission feature of evolved stars

Principal Investigator: Roberto Rampazzo
Institution: INAF-Osservatorio Astronomico di Padova

Technical Contact: Pasquale Panuzzo, INAF Padova Astronomical Observatory

Co-Investigators:

Alessandro Bressan, INAF-Osservatorio Astronomico di Padova
Marcel Clemens, INAF-Osservatorio Astronomico di Padova
Francesca Annibali, StScI - Baltimore

Werner Zeilinger, Ifa Universitat Wien

Lucio Maria Buson, INAF-Osservatorio Astronomico di Padova
Gian Luigi Granato, INAF-Osservatorio Astronomico di Padova
Laura Silva, INAF-Osservatorio Astronomico di Trieste

Jose Ramon Valdes, INAOE

Pasquale Panuzzo, INAF-Osservatorio Astronomico di Padova

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 48.4

Abstract:

Early-type galaxies (ETGs) are considered the fossil evidence of the process of
galaxy evolution. Recent optical studies suggest that, on the average, field
ETGs are younger than their cluster counterparts. This is likely to be a
consequence of accreation/merging episodes that leave their signature in a
younger stellar population. However, any accurate estimate of the star formation
history based solely on optical data is affected by the age-metallicity
degeneracy, which seriously detracts from previous findings. We have devised a
new method which overcomes this problem by comparing optical data with MIR
spectra based on the 10 micron silicate emission due to dusty circumstellar
envelopes around evolved stars. The method, already applied to a sample of Virgo
cluster galaxies, fully exploits Spitzer’s IRS spectral capabilities (Bressan et
al. 2006). We propose to extend this method to a sample representative of
possibly rejuvanated ETGs in the field for which we already have high S/N
optical spectra. The analysis of IRS data coupled with our optical spectra will
permit us to measure the age and metallicity unambiguously for our sample.
Furthermore, the combined use of the proposed sample and the successful IRS
observation of bright Virgo cluster galaxies will allow us to explore the ETGs
evolution across a factor of 40 in local galaxy density. This will quantify the
role of the environment in determining the ETGs star formation history.
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Spitzer Space Telescope — General Observer Proposal #20380

The Ionization of the Diffuse Ionized Gas Halo of NGC 891

Principal Investigator: Richard Rand
Institution: University of New Mexico

Technical Contact: Richard Rand, University of New Mexico

Co-Investigators:
Robert Benjamin, University of Wisconsin Whitewater
Kenneth Wood, University of St. Andrews

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 18.1

Abstract:

The ionization of Diffuse Ionized Gas (DIG) layers in galaxies remains a
critical but unsolved problem for our understanding of galaxy energetics. Work
using optical emission lines has indicated that photo-ionization by massive
stars in the disk dominates the energy input, but no pure photo-ionization model
can reproduce all the observed line ratios, leading to the possibility that
non-ionizing heat sources and/or secondary ionization sources may be important
for the energetics. However, the optical diagnostics present three main
problems: sensitivity to extinction, gas temperature, and (for some crucial
lines) weak emission. The MIR diagnostic ratio [Ne III]/[Ne II] provides a
measurable, extinction-free diagnostic of the hardness of the ionizing spectrum
with little temperature sensitivity. Thus this ratio will provide an excellent
test of whether photo—ionization alone can maintain the DIG, or whether a second
source of ionization is required. We therefore propose to use the SH module on
the Spitzer IRS to observe two fields in the lower halo (z=1 kpc) and one field
in the disk of the well studied edge-on NGC 891 to determine how this ratio
changes with distance from the thin disk of ionizing sources. We will compare
our results with predictions from our own 2-d and 3-d simulations of the
ionization structure, where such inputs as the ionizing spectrum, spectral
hardening by propagation through intervening gas, and additional heat sources
can be modeled.

Spitzer Space Telescope — General Observer Proposal #40284

Spitzer Spectroscopy of Gaseous Halos of Nearby Edge-on Galaxies

Principal Investigator: Richard Rand
Institution: University of New Mexico

Technical Contact: Richard Rand, University of New Mexico

Co-Investigators:
Robert Benjamin, University of Wisconsin-Whitewater
Kenneth Wood, University of St. Andrews

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 39.6

Abstract:
The majority of ionized gas in galaxies is in a diffuse phase - the so-called
Diffuse Ionized Gas (DIG) - and its maintenance represents a significant power

requirement for galaxies. In the past fifteen years, it has been found that DIG
layers in spirals are suprisingly thick, and the way in which galaxies maintain
these thick ionized layers is not well understood. Diagnostic optical emission
line ratios suggest that the dominant ionizing source is photo-ionization by the
thin disk of massive stars, but there is evidence that additional sources of
ionization in these DIG "halos" is required. The degree to which such sources
are necessary, the nature of the sources, and environment-dependent variations
all rely on unambiguous ionization diagnostics. Unfortunately, the optical
ratios suffer from complications due to gas temperature, abundance and
extinction effects. Spitzer offers access to the [Ne III]/[Ne II] ratio - a
diagnostic free of all these complications. A successful pilot IRS study of NGC
891 by us showed the feasibility of detecting these lines in faint gaseous halos
and already revealed severe difficulties for pure photo-ionization models.
However, this study featured only two positions in the halo of a single spiral.
Here we propose to extend this study to observe positions in the halos of three
nearby edge-on spiral galaxies, where the optical ratios indicate a variety of
ionization requirements, allowing more general conclusions to be drawn about the
maintenance of DIG layers, as well as the interpretation of the optical ratios.
We will compare results with our own state-of-the—art photo-ionization and
shock-ionization models. Our pilot study also featured the first spectroscopic
detections of PAHs in an external galaxy halo, and the proposed observations
will extend our knowledge of the PAH population in halo environments.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30244

IRS Spectra of M101 HII Regions in the Aromatic Feature Transition Region

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Karl Gordon, The University of Arizona

Co-Investigators:

Karl Gordon, Univ. of Arizona

Charles Engelbracht, Univ. of Arizona
Karl Misselt, Univ. of Arizona

JD Smith, Univ. of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 8.0

Abstract:

We are proposing to obtain IRS spectroscopy of 6 HII regions in M101l in the
metallitcity range [12+log(0/H)] from 7.9 to 8.4. Previous IRS spectroscopy of
M101 HII regions and starburst galaxies has shown that this metallitcity range
is crucial in understanding the physics of changes in the ratio of the feature
strengths seen in the ubiquitous Aromatic Emission Features (AFEs, also commonly
called the PAH features). Due to its large size and strong metallicity gradient,
the HII regions in M101l provide a unique opportunity to study the properties of
massive star formation as a function of metallicity and radiation field
hardness. The observations proposed here will allow for new, sensitive probes of
the AEFs in this crucial metallicity range and put constraints on the carrier of
these features, improving our ability to predict the IR SEDs of star forming
regions.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30310

Cold Dust Halos in Nearby Galaxies

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Joannah Hinz, University of Arizona

Co-Investigators:

Joannah Hinz, University of Arizona
Charles Engelbracht, University of Arizona
Karl Gordon, University of Arizona
Christopher Willmer, University of Arizona
Karl Misselt, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsScan
Hours Approved: 36.9

Abstract:

We propose to obtain deep MIPS images of a small sample of nearby spiral
galaxies and star-bursting dwarf galaxies to measure their spectral energy
distributions (SEDs), determine the frequency with which significant amounts of
cold (T=15-20K) dust appear in galaxies, assess the spatial distribution, mass,
and temperature for this cold dust, and explore the temperature and mass
distributions across the galactic disks. We will test how each individual
galactic component contributes to the heating and structure of the cold dust
emission. The proposed observations will address crucial question in galaxy
evolution and formation, including how galaxies typically form, retain, and
accumulate reserves of cold dust and in what quantities, and, historically, how
galactic dust has interacted with its surrounding environment. These will be
combined with existing GTO data on nearby galaxies to analyze these properties
over a wide range of morphological types. This is part of a coordinated study of
cold dust in galaxies conducted by members of the MIPS GTO team.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #30348

Dust Properties in Nearby Sub-mm Galaxies

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: George Rieke, The University of Arizona

Co-Investigators:

Christopher Willmer, University of Arizona
Joannah Hinz, University of Arizona

Karl Gordon, University of Arizona

Chad Engelbracht, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 14.2

Abstract:

We propose MIPS and IRAC observations of 11 nearby galaxies for which cold dust
has been detected at 850 microns with SCUBA. These galaxies have morphological
types ranging from elliptical to late spirals, have quiescent star formation
rates and dust masses dominated by cold dust. The combined sub-millimeter,
far—-and mid-infrared properties of these galaxies show they have no counterparts
in the SINGS survey. The proposed sample will be used to address several
questions: What are the properties of cold dust such as extent, emissivity,
temperature and mass ? How do these cold dust properties correlate with galaxy
morphology, stellar populations and star formation rates ? Does the cold dust
contain imprints from past and present interactions of galaxies ? By probing a
parameter space not covered by SINGS, the proposed sample of galaxies will also
expand the number of local templates to which observations of distant galaxies
can be compared.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30577

IRS Spectral Mapping of a Representative Sample of Local Luminous Infrared
Galaxies

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Almudena Alonso-Herrero, CSIC

Co-Investigators:

Almudena Alonso-Herrero, DAMIR, Inst. de Estructura de la Materia, CSIC
Tanio Diaz-Santos, DAMIR, Instituto de Estructura de la Materia, CSIC
Luis Colina, DAMIR, Instituto de Estructura de la Materia, CSIC

Chad Engelbracht, Steward Observatory, University of Arizona

Marcia Rieke, Steward Observatory, University of Arizona

Pablo Perez-Gonzalez, Steward Observatory, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap IrsStare
Hours Approved: 35.9

Abstract:

We propose to measure the mid-infrared spectroscopic properties (using the IRS
Spectral Mapping mode with the low and high spectral resolution modules) of a
representative sample of local universe luminous infrared galaxies (LIRGs).
Current Spitzer cosmological surveys at 24micron are revealing a population of
high-z LIRGs that account for nearly 50% of the cosmic IR background at z~1 .
The interpretation of these distant LIRGs depends on a deep understanding of
local LIRGs. The sample of 12 local LIRGs has been selected to be representative
of a volume-limited sample (distances of 35 to 76Mpc) for which HST/NICMOS
continuum and Pa-alpha observations were obtained in Cycle 13. In addition,
there are archival IRAC and MIPS observations for the sample. The regions to be
mapped with the IRS (central 20-30arcsec) cover the majority of the mid-IR
emitting area of these LIRGs, so the entire set of HST and Spitzer data can be
converted into integrated properties. The goals of this proposal are: (1) To use
the high spectral resolution modules to look for high excitation lines to reveal
obscured AGN, and to determine the nature of the dominant energy source when
both AGN and star formation are present, as observed in a large fraction of
high-z LIRGs and ULIRGs (2) To calibrate the mid-IR star formation rate
indicators, such as the 24micron luminosity, the [NeII]l2.8micron emission line,
and the aromatic emission features for LIRGs and compare them with the behavior
of normal galaxies (3) to characterize the obscuration and to understand the
properties of the star-forming regions of LIRGs, and compare them with less
extreme cases such as starburst galaxies from SINGS (4) to construct local
templates for high-z IR bright galaxies.

Thursday March 25, 2010

xgal_covers.ixt

74/371



Printed_by_SSC

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 149/742

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 150/742

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30732

Dust Properties in Low-Metallicity Galaxies

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Chad Engelbracht, The University of Arizona

Co-Investigators:

Charles Engelbracht, Steward Observatory
Karl Gordon, Steward Observatory

Joannah Hinz, Steward Observatory

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 17.2

Abstract:

Star formation and galaxy evolution in low metallicity environments is a central
issue in astronomy. The formation and evolution of the first stars and galaxies
occurred in such environments. Learning about them can also reveal the
dependencies on heavy element production that lead to the current conditions.

To probe these issues, we will observe a sample of low-metallicity galaxies with
all three Spitzer instruments. Our first goal is to understand the behavior of
the interstellar dust as the availability of heavy elements decreases, including
the major changes in strength of the aromatic feature that we have documented in
previous work. In addition to its intrinsic interest, this study will help
interpret Spitzer measurements at high redshift, where the aromatic features
(when they are still present) fall in the MIPS 24 micron band.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40192

Cold Dust in Isolated Dwarf Galaxies

Principal Investigator: George Rieke
Institution: University of Arizona

Technical Contact: Joannah Hinz, University of Arizona

Co-Investigators:

Liese van Zee, Indiana University

Karl Gordon, University of Arizona

Charles Engelbracht, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsScan
Hours Approved: 24.2

Abstract:

We propose for 24.2 hrs of deep MIPS scan observations of five isolated,
irregular dwarf galaxies to determine the distribution, mass, and extent of both
the warm (T~60K) and cold (T~15K) dust components. Dwarfs are considered to be
the building blocks of which all more luminous systems are formed, yet are the
least studied with regards to dust and metal retention due to their faint nature
in the infrared. Discovering if or where significant amounts of dust and, by
proxy, metals, are located in dwarfs will place much needed constraints on
chemical evolution models of these systems. Furthermore, the observations will
address questions that are crucial for understanding galaxy evolution in more
general terms, such as how galaxies typically form, retain, and/or accumulate
dust and metals, and in what quantities and temperatures, how dust is heated by
other galactic components, how dust emission is correlated with other cold
extended material such as the H I emission, and how galactic dust typically
interacts with its surrounding environment. Quiescent dwarfs simply must be
observed deeply with Spitzer if we are to understand galaxy evolution with a
view unbiased by optical luminosity.

Thursday March 25, 2010

xgal_covers.ixt

75/371



Printed_by_SSC

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 151/742

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 152/742

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40352

Deep MIPS Imaging of M10l: Probing the Gas—-to-Dust Ratio versus Metallicity
Relationship in a Single Galaxy

Principal Investigator: George Rieke
Institution: University of Arizona

Technical Contact: Karl Gordon, University of Arizona

Co-Investigators:

George Rieke, University of Arizona
Charles Engelbracht, University of Arizona
Fabian Walter, MPIA

Adam Leroy, MPIA

Karl Misselt, U. of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsScan
Hours Approved: 11.9

Abstract:

We are proposing for deep MIPS imaging of M101 to investigate the spatial
variations of the gas—-to-dust ratio in this galaxy. M101l is a unique galaxy in
that it has a large well-measured metallicity gradient ranging from log[O/H]+12
values of 8.8 in the center to 7.4 at the edge. The metallicity gradient coupled
with the M101’'s large apparent size (> 30 arcmin) makes it the best target for
studying variations in the interstellar medium with metallicity. The existing
observations provide good measurements to approximately 0.8R_o (where R o =
14.43 arcmin). This is just above the metallicity of log[O/H]+12 = 8.2, where
recent work has shown that the aromatic features begin to weaken and, possibly,
the dust-to-gas ratio drops off the expected metallicity relationship.
Obtaining deep MIPS images of M101l will enable clean measurements of the
dust-to—gas ratio well below the 8.2 transition metallicity. Increasing the
depth of the Spitzer images will allow us to determine if there is a true
transition in the bulk dust properties at a metallicity around 8.2 or if the
transition seen in the aromatics is just tracing a minor component of the ISM.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #40410

Extraplanar Dust in Nearby Galaxies

Principal Investigator: George Rieke
Institution: Steward Observatory, U. Arizona

Technical Contact: Charles Engelbracht, Steward Observatory, U. Arizona

Co-Investigators:
Charles Engelbracht, Steward Observatory

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot MipsScan
Hours Approved: 4.5

Abstract:

The interstellar medium (ISM) of late-type galaxies is largely confined to a
disk in the plane of the galaxy, but can be removed from that configuration by a
variety of processes. Forces internal to the galaxy, like energetic star
formation or an active nucleus can drive winds which push the ISM out of the
plane or even eject it altogether, while external forces like gravitational
interaction or ram-pressure stripping can compress the ISM, also possibly
driving it out of the galaxy. The displacement of the ISM affects star formation
activity and the chemical content, altering the subsequent evolution of the host
galaxy or its neighbors. The gaseous component of the displaced ISM is the most
readily detected, but displaced dust has also been detected in some galaxies.

It is unknown, however, whether dust always accompanies the displaced gas.
Whether dust is present in significant quantities in the ISM ejected from
galaxies has profound implications for the host galaxy and for its environment:
dust that stays in the plane of the galaxy will alter the chemical balance of
the ISM, affecting subsequent star formation activity and the observational
properties of the galaxy, while dust that enters the intergalactic medium will
redden and attenuate light from more distant galaxies and possibly also fall
onto neighboring galaxies, affecting their subsequent evolution as well. The
distribution and composition of ejected dust provides clues to the expulsion
mechanism (e.g., is the dust found only in a nuclear wind, and is it chemically
similar to the dust in the nucleus?) and thus insight into the processes that
affect the ISM. The Spitzer 8 micron and 24 micron bands are ideal for measuring
extraplanar dust, and we propose to survey a sample of nearby galaxies to look
for this dust. The images will show the dust distribution and provide statistics
on the frequency of dust emission from extraplanar gas, while the ratio will
constrain the composition and provide insight into the expulsion mechanism.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40479

IRS Spectral Mapping of local Luminous Infrared Galaxies

Principal Investigator: George Rieke
Institution: University of Arizona

Technical Contact: George Rieke, University of Arizona

Co-Investigators:

Almudena Alonso-Herrero, DAMIR, Instituto de Estructura de la Materia, CSIC
Tanio Diaz-Santos, DAMIR, Instituto de Estructura de la Materia, CSIC

Luis Colina, DAMIR, Instituto de Estructura de la Materia, CSIC

Chad Engelbracht, Steward Observatory, University of Arizona

Marcia Rieke, Steward Observatory, University of Arizona

Pablo Perez-Gonzalez, Steward Observatory, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap IrsStare
Hours Approved: 14.6

Abstract:

We propose to measure the mid-infrared spectroscopic properties (using the IRS
Spectral Mapping mode with the low and high spectral resolution modules) of four
local luminous infrared galaxies (LIRGs). Current Spitzer cosmological surveys
at 24micron are revealing a population of high-z LIRGs that account for nearly
50% of the cosmic IR background at z~1 . The interpretation of these distant
LIRGs depends on a deep understanding of local LIRGs. These LIRGs have been
selected to have strong nuclear emission (in two due to the presence of an AGN)
as well as extended (over a few tens of arcsec) star formation. These four LIRGs
together with our sample of 11 LIRG obseved in Cycle-3 are representative of a
volume-limited sample (distances of 35 to 76Mpc). We obtained HST/NICMOS
continuum and Pa-alpha observations in Cycle 13, and there are archival IRAC and
MIPS observations for the sample. The regions to be mapped with the IRS (central
20-30arcsec) cover the majority of the mid-IR emitting area of these LIRGs, so
the entire set of HST and Spitzer data can be converted into integrated
properties. The goals of this proposal in conjunction with our Cycle-3
observations are: (1) To use the high spectral resolution modules to look for
high excitation lines to reveal obscured AGN, and to determine the nature of the
dominant energy source when both AGN and star formation are present, as observed
in a large fraction of high-z LIRGs and ULIRGs (2) To calibrate the mid-IR star
formation rate indicators, such as the 24micron luminosity; the [NeII]1l2.8micron
emission line, and the aromatic emission features for LIRGs and compare them
with the behavior of normal galaxies (3) To characterize the obscuration and to
understand the properties of the star-forming regions of LIRGs, and compare them
with less extreme cases such as starburst galaxies from SINGS (4) To construct
local templates for high-z IR bright galaxies.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50155

The MIPS SED of SHOC 391

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Chad Engelbracht, The University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsSed
Hours Approved: 0.9

Abstract:

We propose to measure the star forming galaxy SHOC 391 using the MIPS Spectral
Energy Distribution (SED) mode. SHOC 391 is one of only three star forming
galaxies known to have an SED peak in the mid infrared (MIR) rather than the far
infrared (FIR). This behavior may result from an early stage in starburst
evolution where very hot stars are still embedded in optically thick (in the
near infrared) dust clouds. Measurements of the FIR behavior can expand on this
hypothesis. The precise position of that peak and the strength of the FIR
emission lines is best measured using the MIPS SED mode. We have measured one of
these galaxies (Haro 11) in this mode, while another (SBS 0335-052) is far too
faint. Thus, SHOC 391 is the only known star—-forming galaxy with a
short-wavelength infrared peak which has not been yet still can be measured
using Spitzer’s MIPS SED mode.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #50158

The Dust Content of the Lowest Metallicity Star Forming Galaxies

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Chad Engelbracht, The University of Arizona

Co-Investigators:
Joannah Hinz, Steward Observatory

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 16.4

Abstract:

We propose to measure dust masses for the lowest metallicity star forming
galaxies known in the local universe. There are 15 galaxies with 12 + log(O/H)
at or below 7.8 that have been detected at 70 microns, only three of which have
significant detections at 160 microns in the shallow observations currently in
the Spitzer archive. Without both 70 and 160 micron measurements, we are unable
to compute dust temperatures and hence masses for the most metal poor
star-forming galaxies. Star—-forming galaxies with metallicities this low are
likely undergoing their first significant episode of star formation, providing
us local analogs of the galaxies forming in the early universe. Recent studies
indicate that the dust properties at very low metallicity are significantly
different from those in galaxies with metallicities larger than ~1/4 solar.
Spitzer’s new enhanced photometry mode at 160 microns provides us an opportunity
to obtain the first detections of these galaxies beyond 70 microns, providing a
critical anchor at the low-metallicity end of dust properties in nearby
star-forming galaxies. 11 of the galaxies in our sample are amenable to
detection at 160 microns - 3 have been detected in shallow observations and 1 (I
Zw 18 — Bolatto et al.) will be observed soon. We propose to observe the other
7.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50213

Molecular Hydrogen Shocks As Tracers of Galaxy Evolution

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Suresh Sivanandam, University of Arizona

Co-Investigators:
Suresh Sivanandam, University of Arizona
Marcia Rieke, University of Arizona

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap
Hours Approved: 22.1

Abstract:

We propose to search for shocked molecular hydrogen emission in 4 infalling
cluster galaxies with strong evidence for ram-pressure stripping to understand
how galaxies are transformed in the cluster environment. With IRS, Appleton et
al. (2006) have observed strong molecular hydrogen emission emanating from
Stefan’s Quintet which can only be interpreted as a galactic scale shock created
from the collision of galaxies with the intragroup medium. Spitzer spectroscopy
offers a direct and quantitative way to observe interactions between the
intragroup/intracluster medium and the galactic interstellar medium unlike other
techniques that only observe after-effects of gas—stripping events. We will use
IRS spectral mapping, following the methodology of Appleton et al., of the four
likeliest nearby candidates for ICM/ISM interactions. These candidates have a
variety of telltale signs that they are undergoing some form of interaction with
the ICM, such as bow-shock like star-forming regions, H-alpha and X-ray tails,
extraplanar HII regions, etc. We also propose to acquire ancillary deep IRAC
data to improve the spatial resolution of our IRS data as 4.5-micron IRAC data
are sensitive to molecular hydrogen emission. Combined with 8-micron imaging we
can distinguish between molecular hydrogen emission produced in shocks and in
photodissociation regions found in star—-forming regions. We will also study the
star-forming properties of these galaxies and how they relate to galactic scale
shocks.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #60

Dust in Giant Extragalactic H II Regions in M101

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: Karl Gordon, The University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap MipsScan MipsSed
Hours Approved: 16.3

Abstract:

This program is aimed at investigating the evolution of dust grain properties as
a function of star formation activity. This program is aimed at acquiring 4-200
micron photometric spectral energy distributions on a large number (~500) of H
II regions in M101. All of M101 (35’ x 35’) will be imaged with MIPS and IRAC
resulting in images of the galaxy at 7 wavelengths from 4 to 160 microns. In
addition, a smaller sample (~10) of the brighter H II regions will be observed
with MIPS SED mode and IRS in both low and high resolution modes. This sample
was defined to include H II regions in M101 which span a range of metallicities
(7.9-9.1), luminosities, and dust contents. The low resolution spectroscopy will
be used to determine the PAH emission spectrum and continuum level. The high
resolution IRS spectroscopy will give various emission lines which act as
diagnostics of the gas and stars present. When combined with existing
ultraviolet images of M101l, the resulting data will be used to probe the
properties of dust associated with H II regions. This will be done using their
ultraviolet attenuations and PAH emission spectra.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #62

Dust in Low Surface Brightness Galaxies

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: George Rieke, The University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsStare MipsPhot MipsSed
Hours Approved: 15.3

Abstract:

Low surface brightness galaxies may represent a significant componentof the
baryonic matter in the Universe. However, these galaxies appearto have followed
a very different star formation history fromhigh surface brightness galaxies.
IRAS was able to detect a coupleof these galaxies as was ISO, but enough data to
characterizethe dust temperature and spatial distribution were not acquired.This
project uses MIPS photometry mode to detect the dust ina sample of LSB galaxies
chosen to have low cirrus and sufficientlylarge angular diameters for resolution
by MIPS.
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Spitzer Space Telescope — Directors Discretionary Time Proposal #240

Intergalactic Star Formation in Tidal Dwarf Galaxies of M8l

Principal Investigator: Theresa Roelofsen
Institution: Bassick High School

Technical Contact: Varoujan Gorjian, JPL/ Spitzer

Co-Investigators:

Linda Stefaniak, stefanl@optonline.net

Babs Sepulveda, Lincoln High School

Timothy Spuck, Oil City Area Sr. High School
Doris Daou, Spitzer Science Center

Cynthia Weehler, Luther Burbank High School

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 0.4

Abstract:

We propose to extend the area of existing Spitzer M81 observations to include
the coordinates of these recently discovered tidal dwarf galaxies (TDGs). This
will allow us to compare stellar formation in young TDGs with the disc of M81 to
determine if the process of star formation differs in debris tails. The close
proximity of M81 (3.6 Mpc: Freedman et al, 2001) makes these particular TDGs an
ideal target for the study of the formation of stars due to galactic
interaction. If metallicity in this area is low it could be analogous to stellar
formation in the early universe. This would then be a unique opportunity to
study early universe stellar conditions in a region of low redshift. This
proposal will compare stellar formation conditions in TDGs and galactic discs.
We propose to use IRAC’s capabilities to look for PAH emission, indicating the
presence of dust in the debris tails. The mid-IR capabilities of MIPS will
provide the thermal properties of this dust.

Spitzer Space Telescope — General Observer Proposal #50520

Using Spitzer to Probe Galaxy Evolution in the Young Cluster Abell 1367

Principal Investigator: Jessica Rosenberg
Institution: Harvard-Smithsonian Center for Astrophysics

Technical Contact: Jessica Rosenberg, Harvard—-SAO

Co-Investigators:

Luca Cortese, Cardiff University
Karen O’'Neil, NRAO Green Bank
Maarten Baes, Universiteit Gent
Robbie Auld, Cardiff University

Jon Davies, Cardiff University
Robert Minchin, Arecibo Observatory

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 15.2

Abstract:

The galaxy cluster environment alters the properties of galaxies. However, the
mechanisms and timescales that govern these changes are not well understood. We
propose to use Spitzer (IRAC + MIPS 24um) in combination with existing UV,
H$alpha$, and 21lcm data, to study both the mechanisms and timescales in the
Abell 1367 cluster. The cluster is young so there is a large sample of galaxies
that are currently being transformed from blue, gas-rich systems to red stellar
dominated ones. The sample we will use for this work is unique -- we will study
both galaxies selected at 21 cm and in the optical. The 2lcm selected systems in
Abell 1367 have been found to be distributed fairly uniformly throughout the
cluster while the optically-selected galaxies are strongly centrally
concentrated. This is the first time that HI-selected galaxies in a cluster are
being studied alongside an optically selected sample and they should provide an
important probe of the galaxies for which the cluster may just be starting to
have an effect as well as for the ones that have already been strongly altered
by its influence. Spitzer provides important information to this study because
it can be used to measure activity in galaxies over a longer timescale than the
H_alpha measurements. In addition, the Spitzer data complement the UV data by
probing the dusty regions of the galaxies.
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Spitzer Space Telescope — General Observer Proposal #3412

Galactic Chemical Evolution and the Hot Star, H II Region Connection

Principal Investigator: Robert Rubin
Institution: NASA Ames Research Center

Technical Contact: Robert Rubin, NASA Ames Research Center

Co-Investigators:

Janet Simpson, NASA Ames Research Center
Adi Pauldrach, University Munich

Sean Colgan, NASA Ames Research Center
Reginald Dufour, Rice University

Edwin Erickson, NASA Ames Research Center
Michael Haas, NASA Ames Research Center

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 21.0

Abstract:

H II regions play a crucial role in the measurement of current interstellar
abundances in our Galaxy and others while also serving as laboratories for
atomic physics. They provide fundamental data about heavy element abundances
that serve to constrain models of galactic chemical evolution.We propose to use
Spitzer/IRS to measure the Ne/H and S/H abundances in H II regions in two very
different, ~face-on spiral galaxies M83 and M33. By observing face-on galaxies,
we will cover a full range of galactocentric radii (R_G) and avoid the
extinction problems that plague Milky Way studies of H II regions, particularly
in the inner Galaxy. An important advantage compared with prior optical studies
is that the IR lines have a weak and similar electron temperature (Te)
dependence while optical lines vary exponentially with Te. We plan to observe 5
emission lines: S IV 10.5, Ne II 12.8, Ne III 15.6, S III 18.7, & H7-6 12.4
micron cospatially with IRS/SH. By virtue of being able to measure lines from
all the major ionic states of Ne and S in H II regions, together with an H line,
in the SAME spectrum, there is a unique opportunity to obtain reliable Ne/H &
S/H ratios and determine how they vary with R_G. With our prior efforts to
measure the Galactic Ne/O ratio using far-IR lines, we found that the observed
Ne++/0++ ratio significantly exceeds model predictions. This has been referred
to as the "Ne III problem". The nebular models rely on stellar atmosphere models
to provide the ionizing spectral energy distribution (SED) for hot stars. The
SED used is the largest source of uncertainty when comparing theory and
observations to determine nebular abundances in general (and galactochemical
gradients). We will use novel diagnostic tools designed to investigate the Ne
III problem via the proposed observations to validate the SED input to the
nebular code. Whether or not we solve the Ne III problem, we will produce the
most detailed and reliable study by far of abundance variations for S/H and Ne/H
in these galaxies.

Spitzer Space Telescope — General Observer Proposal #50339

Beyond the Bulge: A Spitzer Search for Buried AGN in Pure Disk Galaxies

Principal Investigator: Shobita Satyapal
Institution: George Mason University

Technical Contact: Shobita Satyapal, George Mason University

Co-Investigators:

Nick Abel, University of Cincinnati

Torsten Boeker, European Space Agency, Dep. RSSD
Rachel Dudik, George Mason University

Mario Gliozzi, George Mason University

Tim Heckman, John Hopkins University

Devin Vega, George Mason University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 14.5

Abstract:

The well-known correlation between the black hole mass and the stellar velocity
dispersion in bulge-dominated galaxies has fueled numerous speculations that
black hole growth and the build-up of galaxies go hand in hand and that perhaps
the presence of a bulge is necessary for a black hole to grow. Indeed, prior to
Spitzer, the vast majority of actively growing black holes(AGN) in the local
Universe were found in galaxies with prominent bulges. However, these studies
are based on optical spectroscopic studies, which can be severely limited in the
study of bulgeless galaxies, where a putative AGN is likely to be both
energetically weak and deeply embedded in the center of a dusty late-type
spiral. Remarkably, we have discovered using the limited set of Spitzer
observations currently available, that AGN in late-type optically normal
galaxies do exist and that Spitzer high resolution spectroscopy is the only way
to find them. However, most IR spectroscopic studies have targeted infrared
luminous and ultraluminous galaxies which are virtually all disturbed
interacting systems. Only a handful of IRS observations of extremely late-type
purely isolated galaxies exist. To address this serious deficiency, we propose a
systematic search for potentially weak and obscured AGN using high resolution
IRS staring observations of a unique, statistically significant sample of
definitively bulgeless and purely isolated galaxies. We will: 1) determine the
fraction of AGN in bulgeless galaxies 2) compare this fraction to that found in
early—-type and interacting galaxies based on previous studies, 3) determine if
the incidence of AGN activity, the AGN’s luminosity, or black hole mass, is
correlated with the implied dark matter or disk mass. No such IR study has ever
been conducted, leaving a glaring hole in our understanding of one of the most
fundamental questions in extragalactic astronomy today.
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Spitzer Space Telescope — General Observer Proposal #20587

A Detailed Study of the Spiral Density Wave in M51: Tracing the Temporal
Evolution of Star Formation

Principal Investigator: Eva Schinnerer
Institution: Max Planck Institute for Astronomy

Technical Contact: Eva Schinnerer, Max Planck Institute for Astronomy

Co-Investigators:

Kartik Sheth, Caltech

Stuart Vogel, University of Maryland
Lee Armus, Caltech

Rob Kennicutt, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 9.1

Abstract:

Spiral Density Waves (SDWs) are believed to trigger star formation in spiral
arms in galactic disks. We have embarked on a (optical to radio)
multi-wavelength project to study the effect of a SDW in a well-selected region
in M51. We see evidence that a significant fraction of on-going star formation
is missed by our current tracers. Thus we request IRS high resolution
spectroscopy (SH and LH) to quantify via MIR (H2,fine-structure) lines the
properties of deeply embedded young star forming regions and of the warm
molecular gas. This unique study will significantly increase our understanding
of the physical processes that transform molecular gas into stars by taking
advantage of the spatially resolved time evolution: from young molecular clouds
(traced by molecular line emission) via star forming regions (seen in the IRS
lines and the radio continuum) to mature stellar clusters (seen via H
recombination lines, HST colors).

Spitzer Space Telescope — General Observer Proposal #20138

The M51 MIR Spectral Cube: A "Rosetta Stone" for Galaxy Evolution

Principal Investigator: Kartik Sheth
Institution: California Institute of Technology

Technical Contact: Kartik Sheth, California Institute of Technology

Co-Investigators:

Eva Schinnerer, MPIA
Stuart Vogel, U. Maryland
Mark Wolfire, U. Maryland
Lee Armus, Caltech

Daniel Dale, U. Wyoming
J.D. Smith, U. Arizona
George Helou, Caltech

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap IrsPeakupImage
Hours Approved: 15.0

Abstract:

The SINGS legacy survey is collecting a remarkable dataset for a large sample of
nearby galaxies. Due to time constraints, however, the spectral data are
limited. Except for the nucleus and a few selected HII regions, no SINGS galaxy
has a full 5--37 micron spectral coverage across a galactic disk. The LL strips
across the disks cover 14--37 microns missing most of the PAH features and other
important spectral diagnostics limiting the use of the broadband data. This
leaves open important questions about the state of the interstellar medium and
the radial and regional variations across the disk. We propose to study the
complete mid-infrared spectrum at low resolution (SL+LL) across the disk of the
well studied, face-on, grand design spiral M51. We also propose to exploit the
new peak-up imaging mode to obtain a 16 micron map of M51 to trace the dust
continuum and determine the true PAH strengths. We chose M51 not only because it
has a wealth of ancillary data but also because we have recently acquired a
complete single dish + interferometer CO mosaic and 4, 6 and 20 cm radio
continuum maps. This rare combination of data is well suited for a detailed
study of the ISM as the CO traces the molecular gas and the radio continuum
traces (extinction-free) star formation. We will combine these data with the
proposed mid-infrared spectral data to determine the variations in the dust
continuum and PAH emission as a function of radius and environment, the change
in the ISM density, radiation field and grain size, and the change in the
fraction of warm molecular gas across the disk. With this study M51 will be the
spectral template for interpreting the wealth of broadband infrared data on
nearby galaxies, and for improving our understanding of the dust content and
dust properties of high redshift galaxies that are derived from rest-frame
mid-infrared emission studies.
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Spitzer Space Telescope — General Observer Proposal #20518

The Physical Context of PAH Emission in Galaxies: Metallicity, Radiation, and
Environment

Principal Investigator: JD Smith
Institution: University of Arizona

Technical Contact: JD Smith, University of Arizona

Co-Investigators:

Evan Skillman, Univ. of Minnesota

Bruce Draine, Princeton Univ.

Daniel Dale, Univ. of Wyoming

Don Garnett, Univ. of Arizona

Lee Armus, Spitzer Science Center, Caltech
Robert Kennicutt, Univ. of Arizona

Karl Gordon, Univ. of Arizona

Chad Engelbracht, Univ. of Arizona

Aigen Li, Univ. of Missouri-Columbia

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 47.9

Abstract:

The PAH emission bands between 3-20 microns are uniquely important for modeling
high redshift sources in the deep infrared surveys currently being produced by
Spitzer’s imaging instruments. Although very little is known about the physical
mechanisms of formation, excitation and destruction which govern the behavior of
PAH molecules, an important correlation has been very recently uncovered in
low-metallicity dwarf starbursts: PAH features seem to vanish at a threshold
oxygen abundance near 1/5 solar. Given the many factors known to influence PAH
emission, it is very likely that metallicity alone does not govern its strength
or presence. Early hints from much smaller and shallower spectral mapping data
in the center of nearby galaxies suggest strong variability in the PAH emission
spectrum on sub-kpc scales. Our goal is to probe the global mechanisms which
govern the appearance and behavior of PAH emission. We propose deep, spatially
resolved, low-resolution spectral maps from 5 to 38 microns, arranged in radial
strips (approximately 1 x 5-10 arcmin) in three nearby galaxies with steep,
well-measured oxygen abundance gradients. These data, when combined with
existing IRS spectroscopy of bright HII regions in the target sample, will allow
us to probe in detail the strength and structure of PAH emission over a wide
range of physical parameters in the ISM, including metallicity, radiation field
intensity, and environment (e.g. arm/inter-arm). In addition, we will use the
five accessible pure rotational molecular hydrogen lines to test PDR models as a
function of metallicity, and track low luminosity HII regions with the available
fine structure lines of sulfur and neon. The deep, wide coverage spectral
mapping strips produced will be of significant general scientific value, and for
the two targets in the SINGS Legacy sample, we will waive the proprietary period
to maximize their utilization.

Spitzer Space Telescope — General Observer Proposal #30471

PAH Emission in Low-Luminosity AGN: Ghosts in the Machine

Principal Investigator: JD Smith
Institution: University of Arizona

Technical Contact: JD Smith, University of Arizona

Co-Investigators:

John Moustakas, University of Arizona

Lisa Kewley, University of Hawaii, Institue for Astronomy
Bruce Draine, Princeton University

Lee Armus, Spitzer Science Center

Danny Dale, University of Wyoming

Vassilis Charmandaris, University of Crete

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap IrsStare
Hours Approved: 39.0

Abstract:

Massive nuclear black holes are now recognized as a fundamental property of
almost all local elliptical and spiral galaxies, and low-luminosity AGN play an
important role in modifying the observational form of even predominantly
star—-forming galaxies. The PAH emission bands between 3-18 microns dominate the
MIR emission of star—-forming galaxies, contributing up to 20% of the total
3-1100 micron infrared luminosity in these features alone. PAHs are uniquely
important for modeling high redshift sources in the deep infrared surveys
currently being produced by Spitzer'’s imaging instruments, and are commonly used
to probe ongoing star formation, locally, and at high redshift. Although it is
commonly assumed that AGN destroy all PAH grains, very recent results from the
SINGS survey have uncovered important clues into the power source of galaxies
containing low-luminosity AGN, with indications that the gas environments in
these nuclei lead to a distinctive and unusual PAH emission spectrum, with
marked suppression of the short wavelength PAH bands. These results suggest that
the AGN itself may be providing the UV photons necessary to excite this PAH
emission. This could have a profound impact on the use of PAH bands as
indicators of star—formation rate in systems hosting weak AGN. Or goal is to
uncover the nature of PAH emission in galaxies hosting low-luminosity AGN. We
propose deep, low-resolution IRS spectral mapping of a small sample of nearby
LLAGN to test whether AGN can excite PAH emission, and assess the energetic
importance and physical extent of such emission in galaxies with both weak AGN
and extended star—formation. We will quantify the difference in the PAH emission
spectrum seen in such sources, compared to normal galaxies, and use these
results to investigate the predominant power source of low-luminosity AGN. We
will also investigate the degree to which AGN-fueled PAH emission could
contaminate star—-formation rates derived from the absolute strength of the PAH
bands.
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Spitzer Space Telescope — General Observer Proposal #40757

After the Fall: Dust and PAHs in Post-Starburst Galaxies

Principal Investigator: JD Smith
Institution: Steward Observatory, U. Arizona

Technical Contact: JD Smith, Steward Observatory, U. Arizona

Co-Investigators:

Christy Tremonti, Steward Observatory
Yujin Yang, Steward Observatory

Bruce Draine, Princeton University
Danny Dale, University of Wyoming

Ann Zabludoff, Steward Observatory
Emeric Le Floc'h, University of Hawaii

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap MipsPhot
Hours Approved: 27.9

Abstract:

Post-starbursts, a class of galaxies discovered in large redshift surveys, are
believed to be in transition from strong merger—induced starbursts to truly
quiescent systems. Their distinctive optical spectra enable very precise
measurements of their stellar populations, which range in burst age from 0.1-1.5
Gyr. These rare galaxies may hold the key to unlocking a recently discovered
mystery regarding the behavior of PAH emission in low-luminosity AGN, which has
a fundamental impact on the reliability of PAHs as direct indicators of star
formation. Post-starburst galaxies, with little ongoing star formation and well
understood stellar populations, offer the perfect laboratory in which to test
the response of PAHs to the reduced star formation activity often associated
with AGN. In these systems, the violent feedback which quenches the star
formation is thought to completely expel most of the dust and gas. Though very
little is known about the dust properties of these galaxies, a small number of
serendipitous Spitzer observations indicates that they have strong and uniform
infrared excess over the expected photospheric emission. Our goal is to study
the dust content of this unique class of galaxy. Drawing on over 1 million
spectra from the SDSS DR5, we have selected 15 post-starburst galaxies at z~0.04
with expected IR fluxes readily accessible by Spitzer. We propose deep,
low-resolution IRS spectra and full 3-160um imaging of this carefully selected
sample. We will test the response of PAH emission to their young but aging
stellar populations, and probe the ISM-clearing feedback scenarios thought to
drive their evolution. We will put strong limits on the amount of embedded
star-formation hidden from optical view, and track the conditions of any warm
gas in the systems. And we will combine the sample with local studies of
low—luminosity AGN to help investigate the degree to which AGN-fueled PAH
emission could contaminate star-formation rates derived from the absolute
strength of the PAH bands.

Spitzer Space Telescope — General Observer Proposal #40877

Warm H2 at the Edge of NGC 891: Determining the Excitation and Mass of the Most
Common Molecule

Principal Investigator: Gordon Stacey
Institution: Cornell University

Technical Contact: Gordon Stacey, Cornell University

Co-Investigators:

Thomas Nikola, Cornell University

Vassilis Charmandaris, University of Crete

Francois Boulanger, Institut d’'Astrophysique Spatiale, Université Pari
Sarah Higdon, Georgia Southern University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 16.4

Abstract:

We propose to obtain deep IRS spectra of the outer disk of the nearby edge on
spiral galaxy NGC 891. Our primary goal is to investigate the physical state,
mass, and heating processes in the molecular ISM through investigations of four
pure rotational lines of H2. Pioneering work in the S(0) and S(1) lines with ISO
indicate large quantities of warm (T ~ 120 K) molecular clouds along the disk of
the galaxy ? fully half of the cold H2 component traced in CO. Furthermore, the
ISO results suggest vast quantities of cool (T < 90 K) molecular gas at radii
beyond 8 kpc ? 5 to 15 times the mass of the atomic gas, and perhaps enough to
solve the missing mass problem within the disk of the galaxy! These are exciting
results that need to be verified. The key element, however, is that the large
masses depend on an assumed ortho to para H2 ratio, and uncertain gas excitation
due to limited lines. For example, GTO time spectra in the S(1) and S(0) lines
are consistent with the ISO results, but adding in the S(2) line leads to an
interpretation invoking a small ortho to para ratio (~ 0.65), and larger gas
temperatures, resulting in 1/10 the mass of warm molecular gas! Unfortunately,
our spectra are not deep enough to detect the S(2) line in the outer galaxy, so
we are unable to properly model the gas excitation there. This proposal is to go
at least 5 times deeper in the most interesting regions of the outer galaxy to
strongly detect the S(2) line. We also plan to scour the outer regions (R > 12
kpc) for cool molecular gas by deep integrations in the S(1) and S(0) lines.
Finally, we plan a sparse map of most of the disk to detect the S(3) line using
the Short-Lo spectrometer. The S(0), S(2), and S(1) and S(3) transitions
constrain the excitation of para and ortho H2 respectively, and together yield
the o/p ratio. The four lines will therefore solidly establish the mass of warm
and cool molecular gas in NGC 891. Are there massive quantities of cool gas in
the outer disks of galaxies?
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Spitzer Space Telescope — General Observer Proposal #50380

The Molecular Gas Excitation and Mass in Edge-On Spiral Galaxies: Constraining
the Physical Parameters

Principal Investigator: Gordon Stacey
Institution: Cornell University

Technical Contact: Gordon Stacey, Cornell University

Co-Investigators:

Thomas Nikola, Cornell University

Sarah Higdon, Georgia Southern University
Vassilis Charmandaris, University of Crete

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 33.5

Abstract:

We propose to accurately trace molecular gas excitation and mass along the plane
of the two nearby nearby edge-on spiral galaxies, NGC 4905 and 5907 through deep
IRS spectroscopy of four pure rotational lines (S(3), S(2), S(1), and S(0)) of
H2. Our primary goal is to investigate the physical state, mass, and heating
processes in the molecular ISM in these galaxies, and compare them with our
on—-going study of the edge-on galaxy NGC 891. Prior modeling of the S(1) and
S(0) emission from NCG 891 suggests an enormous amount of cool (T< 90K) H2 (5 to
15 times the atomic mass) for this galaxy if the ortho to para H2 ratio is 3.
However, these models are hampered by the degeneracy between gas excitation and
the (assumed) o/p ratio. Including the S(3) and S(2) lines in the analysis
breaks the degeneracy, enabling independent determination of gas excitation for
the ortho and para species, and a measure of the o/p ratio. Using three lines
(S(2), S(l), and S(0)) for NGC 891, we find gas excitation near 220 K, with an
o/p ratio near unity, resulting in greatly reduced molecular gas mass. We were
awarded time in Cycle 4 to verify this model through deeper integrations of the
S(0), S(1), and S(2) lines, and observations of the S(3) line in NGC 891.

{These observations have not yet been scheduled}. Here we propose to extend our
study by mapping all four lines in the disks of galaxies with different gas
contents than NGC 891: the early type Sb NGC 4565 and the late type Sc NGC 5907.
We are particularly intrigued with the regions outside of the CO emitting disk
where the gas is likely not heated in a PDR scenario but rather by modest
velocity cloud-cloud collisions in the outer galaxy. The proposed observations
address the heating source as the ortho and para ratio depends on the formation
temperature: a larger ratio indicates a larger formation temperature. Did H2
form in a relatively warm far-UV bathed environment near stars, or in a cold
environment devoid of young stars?

Spitzer Space Telescope — General Observer Proposal #20320

Supernovae and the Origin of Dust in Galaxies: Follow-Up Observations of SNe
1999bw, 2002hh, and 2004et.

Principal Investigator: Ben Sugerman
Institution: STScI

Technical Contact: Ben Sugerman, STScI

Co-Investigators:

Michael Barlow, Univesity College London

Janet Bowey, University College London

Geoffrey Clayton, Louisiana State University

Barbara Ercolano, University College London

Joanna Fabbri, University College London

Tim Gledhill, University of Hertfordshire

Karl Gordon, Steward Observatory, University of Arizona
Margaret Meixner, STScI

Nino Panagia, STScI

Alexander Tielens, University of Groningen

Michael Wolff, Space Science Institute, University of Colorado
Albert Zijlstra, UMIST, Manchester

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 6.4

Abstract:

The role that massive stars play in the dust content of the Universe is
extremely uncertain. While these stars may create considerable amounts of
circumstellar dust in their stellar winds, the actual amount formed, and how
much of it survives the eventual impact with the star’s supernova (SN) blast,
are not well known. It has long been hypothesized that dust can condense within
the ejecta of SNe, however there is a frustrating discrepancy between the
amounts of dust found in the early Universe, predicted by nucleation theory, and
inferred from SN observations. The main problem is that dust emission is best
observed in the mid-IR, but before the launch of Spitzer, instruments lacked the
necessary sensitivity. We are now carrying out a sensitive mid-IR survey for
thermal dust emission from recent SNe to address the extent to which they
produce dust, and whether they are a primary source of dust in the Universe. We
propose a comprehensive set of follow-up IRAC, MIPS, and IRS observations for
the first three SNe discovered by our project: 2002hh and 2004et in NGC 6946
(d=6 Mpc), and 1999bw in NGC 3198 (d=14.5 Mpc). SN 1999bw is enigmatic, as its
IR excess is that predicted for a SN half its age. SN 2002hh has a mid-IR excess
from circumstellar dust, but has yet to show any signs of dust condensation. SN
2004et is very young and IR luminous, allowing us to carefully monitor its IR
evolution from the earliest times. The rapid evolution of mid-IR emission make
our observations time-sensitive, and if follow-ups are not made, critical
scientific opportunities may be permanently lost. We will use these and archival
observations with radiative-transfer models to determine the mass, temperature,
grain properties, and location of dust in each SN. These detailed results are
crucial for quantifying the contribution of SNe to the dust content of galaxies.
Furthermore, SNe within 6 Mpc are rare, so SNe 2002hh and 2004et may be among
the best objects we will encounter during Spitzer’s lifetime for this study.
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Spitzer Space Telescope — General Observer Proposal #30494

Supernovae and the Origin of Dust in Galaxies: Follow-Up Observations of Six
SNe

Principal Investigator: Ben Sugerman
Institution: STScI

Technical Contact: Ben Sugerman, STScI

Co-Investigators:

Michael Barlow, Univesity College London

Janet Bowey, University College London

Geoffrey Clayton, Louisiana State University

Barbara Ercolano, University College London

Joanna Fabbri, University College London

Tim Gledhill, University of Hertfordshire

Karl Gordon, Steward Observatory, University of Arizona
Ciska Markwick-Kemper, UVa

Margaret Meixner, STScI

Martin Meyer, STScI

Nino Panagia, STScI

Alexander Tielens, University of Groningen

Michael Wolff, Space Science Institute, University of Colorado
Albert Zijlstra, UMIST, Manchester

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsPeakupImage IrsStare MipsPhot
Hours Approved: 11.7

Abstract:

The role that massive stars play in the dust content of the Universe is
extremely uncertain. It has long been hypothesized that dust can condense within
the ejecta of supernovae (SNe), however there is a frustrating discrepancy
between the amounts of dust found in the early Universe, predicted by nucleation
theory, and inferred from SN observations. We are now carrying out a sensitive
optical through mid-IR survey for thermal dust emission from recent SNe to
address the extent to which they produce dust, and whether they are a primary
source of dust in the Universe. We propose a comprehensive set of follow-up
IRAC, MIPS, and IRS observations for six recent SNe within 10 Mpc: SNe 2002hh,
2003gd, 2004am, 2004dj, 2004et, and 2005cs. Of these, four have identified
progenitors, all but one have already been observed with Spitzer, two are
forming dust, and one shows evidence of emission from pre-existing circumstellar
material. In short, these six SNe offer our best chance of comparing
measurements of condensed dust masses to theoretical predictions and
establishing the role of SNe in the formation of dust in the early Universe. In
the mid-IR, SNe are known to evolve rapidly, on timescales of 100 days or less,
making our observations time-sensitive, and if follow-ups are not made, critical
scientific opportunities may be permanently lost. Our proposed observations,
combined with ground-based and HST optical observations, provide the ideal
dataset through which the condensation and evolution of dust can be monitored,
allowing us to use advanced radiative-transfer models to determine the the dust
masses, temperature, grain properties, and location with unparalleled accuracy.
Not only will be directly test theories of dust formation within supernovae, but
these detailed results are crucial for quantifying the contribution of SNe to
the dust content of galaxies. Furthermore, SNe within 10 Mpc are rare, so these
may be among the best objects we will encounter during Spitzer’s lifetime for
this study.

Spitzer Space Telescope — General Observer Proposal #30894

Spitzer’s Unobscured View of the DiskMass Survey: Fundamental Calibration of
Light to Mass and Star-Formation to Mass Surface-Density

Principal Investigator: Robert Swaters
Institution: University of Maryland

Technical Contact: Robert Swaters, University of Maryland

Co-Investigators:

Matthew Bershady, University of Wisconsin

Marc Verheijen, Kapteyn Institute

David Andersen, Herzberg Institute of Astrophysics
Kyle Westfall, University of Wisconsin

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 26.3

Abstract:

Central themes of Spitzer observations include the uncovery of obscured star
formation, the reliable assessment of bolometric luminosity, and the
determination of how star formation depends on the interstallar medium in
galaxies. As important is Spitzer’s ability to observe the rest-frame
near—-infrared out to high redshift, from which estimates of stellar mass can be
inferred. However, the legacy of the Spitzer Space Telescope will remain on
uncertain footing until we understand how light traces mass, and how star
formation traces mass surface density. This fundamental calibration has not been
established despite an enormous investment in Legacy, GO and GTO programs. We
propose to obtain a modest 26.3h of Spitzer observations for our DiskMass survey
of 41 nearby, nearly face-on galaxies. This sample is unique in having direct
dynamical estimates for halo mass as well as the mass surface density of the
spiral disks. This information is derived from velocity and velocity dispersion
maps of both stars and gas, measured with custom-built intergral-field
spectrographs, to which the sample was tailored. These data are supplemented by
deep optical and NIR photometry and two-dimensional maps of optical
spectroscopic line ratios of the warm gas. What is missing is the infrared
surface photometry at 8, 24, and 70 microns, from which we can measure the cold
and warm dust emission and determine extinction and bolometric star formation
rate as a function of both dynamical and gas mass surface density. Our
measurements are complementary to, and will utilize the more detailed Spitzer
measurements of, e.g., the SINGS Legacy program. Our proposal requires a small
investment of observing time to accomplish the critical task of calibrating
stellar mass-to-light ratios and the relation of star formation to physical
environment within galaxies. This fundamental task benefits every Spitzer
program which purports to measure the buildup of stellar mass and/or to probe
the physical processes which drive star—formation.

Thursday March 25, 2010

xgal_covers.ixt

86/371



Printed_by_SSC

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 173/742

Mar 25, 10 16:24 Spitzer_Approved_Extragalactic Page 174/742

Spitzer Space Telescope — General Observer Proposal #50594

Star Formation in the Low Surface Brightness Galaxy UGC 3371

Principal Investigator: Robert Swaters
Institution: University of Maryland

Technical Contact: Robert Swaters, University of Maryland

Co-Investigators:
Matthew Bershady, University of Wisconsin, Madison
Marc Verheijen, Kapteyn Institute

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 2.7

Abstract:

A central Spitzer theme is understanding how star formation depends on local
conditions within galaxies. Previous studies span a wide range in galaxies,
including massively star—-forming, interacting, normal, and local-group galaxies.
Missing from this expansive range are low surface brightness galaxies (LSBs).
We propose to fill this gap and increase the legacy value of the Spitzer archive
by observing a disk galaxy deep into the LSB regime. These LSBs present an
unsolved puzzle in our understanding of star formation: Why do LSBs, rich in
gas, have such low star formation rates? It has been suggested LSBs have gas
densities below a critical threshold, thus inhibiting star formation. However,
this is largely based on low-resolution or globally averaged data, insensitive
to the ubiquitous small-scale structures in the gas densities and kinematics of
LSBs. To understand what physically drives star formation in LSBs, a
high-resolution, two-dimensional approach is required. To this end, we propose
to acquire deep 24 micron MIPS photometry of UGC~3371. This galaxy is well
suited because its large size, modest inclination and regular circular motion
permit a detailed and simultaneous study of morphology and kinematics. We have
acquired a deep, high-resolution VLA-B map at 21 cm, yielding an unprecedented
view of the HI distribution and kinematics on 300 pc scales in an LSB galaxy.
Deep H$\\alpha$ integral-field spectroscopy, optical, NIR, and H$\\alpha$
imaging also are in hand. We will use the proposed Spitzer observations to
determine the bolometric star—-formation rates on 300 pc scales. Combining these
data, we will determine how star—-formation is modulated as a function of
kinematic properties, gas densities, and local disk instabilities. The proposed
Spitzer observations will provide a unique picture of star formation in the
extreme LSB regime. This, in turn, will be invaluable for our understanding of
star formation in other low density environments, such as the outskirts of
normal galaxies.

Spitzer Space Telescope — General Observer Proposal #20171

The Origin and The Evolution of Dust in the Hot Interstellar gas of Elliptical
Galaxies

Principal Investigator: Pasquale Temi
Institution: NASA Ames & SETI Institute

Technical Contact: Pasquale Temi, NASA Ames & SETI Institute

Co-Investigators:

William G. Mathews, University of California, Santa Cruz
Joel N. Bregman, University of Michigan

Fabrizio Brighenti, University of California, Santa Cruz
Jesse D. Bregman, NASA Ames

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 19.8

Abstract:

Detection of elliptical galaxies at 60 and 100 microns with the IRAS satellite
showed conclusively that these galaxies contain truly interstellar dust, which
is mixed into hot interstellar gas at the virial temperature, typically 10e7 K.
Dust grains in this harsh environment are progressively destroyed by collisions
with thermal protons that dislodge atomic fragments from the grain surface
(sputtering). However, as the dust grains are slowly reduced in size, they are
heated both by UV stellar radiation from post-AGB stars and by inelastic
collisions with thermal electrons and this energy is radiated in the far-IR.
New dust grains are continuously injected into the interstellar gas by dusty
stellar winds from red giant stars. Dusty stellar winds are verified by mid-IR
observations of ellipticals where the emission follows a de Vaucouleurs stellar
profile. The total far-IR emission from internally produced grains during their
sputtering lifetime is roughly consistent with the far-IR luminosities observed
so far, but large discrepancies between expectation and observation have
recently become evident. For example, in one giant Virgo elliptical the far-IR
emission observed with ISO is about 40 times larger than expected, while another
similar Virgo elliptical was undetected. The detected galaxy may have recently
received a contribution of new dust from a merger with a gas—-rich galaxy, but
the merger must have been very recent indeed since the dust destruction time is
only about 10e8 years. We propose to observe a small number of nearby
spatially-resolved and optically luminous elliptical galaxies with SPITZER in
order to calibrate our theoretical models of dust creation, destruction and
radiation. In addition we wish to evaluate the alternative hypothesis that
mergers are an important source of interstellar dust. Almost nothing is
currently known about the radial distribution of far-IR emission from
ellipticals, but we expect SPITZER to change this soon.
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Spitzer Space Telescope — General Observer Proposal #3139

The infrared spectral energy distribution of metal-deficient blue compact dwarf
galaxies: local templates for primordial galaxies

Principal Investigator: Trinh Thuan
Institution: University of Virginia

Technical Contact: Trinh Thuan, University of Virginia

Co-Investigators:

Leslie Hunt, INAF-Istituto di Radioastronomia—-Sez. Firenze, Ita
Yuri Izotov, Main Astronomical Observatory, Kiev, Ukraine

Marc Sauvage, Centre d’'Etudes de Saclay, France

Stephanie Plante, Universite Laval, Quebec, Canada

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 39.1

Abstract:

ISO, COBE and SCUBA have shown convincingly that dusty star formation plays a
key role in the early universe, although it is often assumed in primordial
galaxy formation scenarios that dust is essentially absent. Such an assumption
however has recently been challenged by the detection of dust emission in the
second-most metal-poor star—-forming galaxy known (2.5% solar), the blue compact
dwarf (BCD) SBS 0335-052. Thus, to interpret the spectra of high-redshift
galaxies, it is crucial to understand how and when this ubiquitous dust
component is formed and how it affects the spectral energy distribution (SED) of
galaxies by redistributing the UV-optical energy radiated by the young stars in
the star-forming regions to MIR and FIR energy. Low-metallicity BCDs constitute
the best local approximations to primordial galaxies because of their chemically
unenriched interstellar medium. We propose to use IRAC, IRS and MIPS to study
the SED from 5 to 160 microns of a sample of 23 metal-deficient BCDs chosen to
span a wide metallicity range, from Z(Sun)/30 to Z(Sun)/4. These objects will be
analyzed together with similar objects in the ROC, more than doubling our
sample. We wish to study how the SEDs change as a function of various physical
parameters such as metallicity, the hardness of the ionizing radiation, and the
compactness of the starburst region. We will also be able to assess dust
production mechanisms. Spitzer will provide an unique view of these nearby
chemically unenriched star-forming laboratories, and an unprecedented
opportunity to study in detail dust in very metal-deficient environments.

Spitzer Space Telescope — General Observer Proposal #50272

Extreme Star Formation in Low-Metallicity Dusty Compact Dwarf Galaxies

Principal Investigator: Trinh Thuan
Institution: University of Virginia

Technical Contact: Leslie Hunt, INAF - Istituto di Radioastronomia/Firenze

Co-Investigators:
Yuri Izotov, Main Astronomical Observatory, Kyiv, Ukraine

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap MipsPhot
Hours Approved: 36.5

Abstract:

Dusty star formation plays a key role in the early universe. ISOCAM, MIPS and
submillimeter surveys have found significant populations of dusty luminous
galaxies which dominate the cosmic infrared background at z >= 1. Some of these
galaxies host starbursts with high star formation rates (SFRs) in such compact
regions that they approach the maximum starburst intensity limit. Similar
extreme conditions can occur in star clusters within nearby starburst galaxies,
but these clusters generally do not dominate the light. We propose here to study
extreme SF in the local universe in systems where most of the SF occurs in
massive star clusters, the light of which does dominate the galaxy light. These
systems are 23 low-metallicity dusty compact dwarf galaxies (DCDs) selected from
the Sloan Digital Sky Survey to have a high SFR/area, potentially near the
starburst intensity limit, and significant warm dust emission, a good indicator
of extreme SF in massive star clusters. These DCDs will allow us to study the
physics of extreme SF with a sensitivity and spatial and spectral resolution
that high-z starbursts do not allow. We wish to use IRAC, IRS and MIPS to
investigate how the spectral energy distributions of the DCDs, the dust
properties, and the SFR/area change as a function of various physical parameters
such as metallicity, the hardness of the ionizing radiation, and the compactness
of the starburst region. Combining our proposed DCD observations with other data
will allow us to quantify the amount of dust-enshrouded SF over a wide range of
metallicities and dust properties and derive true SFRs, which are crucial for
deriving the SFR as a function of cosmic epoch.
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Spitzer Space Telescope — General Observer Proposal #20607

Mapping the Aromatic Emissions in the Nearby Spiral Galaxies IC 342 and Maffei 2

Principal Investigator: Jean Turner
Institution: UCLA

Technical Contact: Jean Turner, UCLA

Co-Investigators:

David Meier, UIUC

Lucian Crosthwaite, Northrop Grumman
Robert Hurt, IPAC/Caltech

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap IrsMap
Hours Approved: 7.6

Abstract:

We propose to map the nearby spiral galaxies IC 342 and Maffei 2 with IRAC, and
their nuclear regions with IRS, to map out the spatial distribution of
mid-infrared aromatic emission features for comparison with molecular line and
HI maps. Our principal component analysis of the molecular line emission has
revealed a complicated chemistry in the nucleus, dominated in some parts by
shocks and in others by radiation fields. With IRAC maps we can extend the
principal component analysis to mid-IR features. With IRS we can study the lines
in the nucleus in greater detail but still with sufficient resolution to
distinguish the regions of different chemistries. We also propose to do a large
scale mapping of the disks of both galaxies with IRAC for comparison with our
total neutral gas density maps from HI and CO.

Spitzer Space Telescope — General Observer Proposal #50361

MIPS Mapping of IC 342 and Maffei 2

Principal Investigator: Jean Turner
Institution: UCLA

Technical Contact: Jean Turner, UCLA

Co-Investigators:
David Meier, NRAO
Lucian Crosthwaite, Northrop Grumman

Science Category: nearby galaxies (z<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot MipsScan
Hours Approved: 17.9

Abstract:

We propose to map the 24 and 70 micron emission in the disks of the nearby
spiral galaxies, IC342 and Maffei 2. These galaxies are among the closest large
spirals, actively forming stars, and each showing evidence of recent
interaction. MIPS scanning mode is the ideal way to map the star formation,
particularly young, obscured star formation, in the outer disks of these close
and spatially large galaxies.
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Spitzer Space Telescope — General Observer Proposal #50067

Testing the Nature of Ultraluminous X-ray Sources with Spitzer and Determining
their Impact on their Immediate Environment

Principal Investigator: Kimberly Weaver
Institution: NASA GSFC

Technical Contact: Kimberly Weaver, NASA GSFC

Co-Investigators:

Ciprian Berghea, Catholic University

Edward Colbert, JHU Applied Physics Lab

Tim Roberts, Durham University

Richard Mushotzky, NASA Goddard Space Flight Center
Andy Ptak, Johns Hopkins University

Doug Swartz, NASA Marshall Space Flight Center

Ann Hornschemeier, NASA Goddard Space Flight Center
Leigh Jenkins, ORAU and NASA Goddard Space Flight Center
Martin Ward, Durham University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsMap
Hours Approved: 13.1

Abstract:

Based on our discovery that ultraluminous X-ray sources (ULX sources) in
galaxies can impact their surroundings and thus produce key diagnostic IR
spectral signatures, we propose IRS mapping observations of six ULX sources with
Spitzer. These are chosen from established X-ray catalogs and have optical
evidence for extended nebula or ’'bubbles’ or are located in regions near star
formation. With these data, we will map key mid-IR diagnostic emission lines,
such as [0 IV] to measure the impact of a hard X/UV ionizing source. One of the
only constraints on the emission geometry of ULX sources is set by observations
of the ionization mechanism of the nebula with symmetric geometry that surround
many of them. These nebula are very anamalous, being larger and more luminous
than normal SNR and showing higher ionization than HII regions, and are likely
photoionized by the ULX source. With our Spitzer observations, we will estimate
the luminosity of the central object in the ionizing UV band in a geometry
independent manner and test whether these sources are as luminous as the X-ray
data would indicate, thus testing beaming models for the X-ray emission.

Spitzer Space Telescope — General Observer Proposal #50544

MIEOWS: The MIPS-IRAC Edge-on Wonder Survey

Principal Investigator: Tony Wong
Institution: University of Illinois, Urbana-Champaign

Technical Contact: Tony Wong, UIUC

Co-Investigators:

Richard Rand, University of New Mexico

Robert Benjamin, University of Wisconsin-Whitewater
Eric Murphy, Spitzer Science Center

J. Christopher Howk, University of Notre Dame

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsScan
Hours Approved: 22.5

Abstract:

Many problems in galactic structure and evolution are uniquely addressed through
the study of edge-on spirals. We request MIPS and IRAC imaging of nearby
edge-ons, building on existing Spitzer observations to create a substantial,
well-defined sample, limited only in K-band angular size. We describe three
scientific applications enabled by such a sample that we will carry out by
comparing with ancillary data. The first addresses the origin of gaseous halos,
while the second tests the role of gravitational instabilities in star
formation, and the third focuses on how cosmic rays diffuse into the halo.

These are examples of the kind of work that such a sample can leverage, and we
expect that it will serve as an important Spitzer legacy by providing a database
for further comparative studies. Essential to this research on edge-ons is the
use of MIPS 24um images as a high resolution, extinction-free star formation
tracer, and IRAC imagery as tracers of the stellar and PAH distribution. The
project exploits the unique capabilities of Spitzer which will not be available
again in the near future.
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Spitzer Space Telescope — General Observer Proposal #20780

Molecular Gas and Star Formation in Early-Type Galaxies

Principal Investigator: Lisa Young
Institution: New Mexico Tech

Technical Contact: Lisa Young, New Mexico Tech

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 21.3

Abstract:

Some early-type galaxies are now known to contain significant amounts of
molecular gas. There is also a broad spectrum of evidence, from the UV through
the radio, that some star formation may be occuring in these cold-gas-rich early
type galaxies. But until now it has not been possible to make accurate estimates
of the star formation rates in early type galaxies; one of the major problems
has been very low angular resolution in the FIR data. The present proposal
requests time for MIPS imaging of seven CO-rich early type galaxies. High
resolution FIR images will be the key to estimating their star formation rates,
testing the radio/FIR correlation, and gaining a new perspective on the star
formation process in an unusual environment. The seven galaxies requested here
will be supplemented with additional targets which have already been allocated
time for MIPS imaging.

Spitzer Space Telescope — General Observer Proposal #20321

Exploring the Nature of Dust in the Extreme Outer Disks of Spiral Galaxies

Principal Investigator: Dennis Zaritsky
Institution: University of Arizona

Technical Contact: Dennis Zaritsky, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 8.5

Abstract:

Observations have demonstrated that dust (and star formation) exist in spiral
galaxies well beyond the edge of the optical disk. This extended disk region may
eventually play an important role in our understanding of how material infalls
into galaxies, how star formation is regulated in low-density regions, how the
initial chemical enrichment of galaxies proceeds, and how angular momentum is
distributed in the baryonic component of galaxies. In the proposed study, MIPS
24 and 70 micron photometry of the outer regions of five galaxies will be used
to formulate a high spatial resolution understanding of this material (including
the density and temperature structure). This program builds on the successful
detection of dust knots at 70 microns in the extended disk of NGC 6946 from a
Cycle 1 exploratory study.
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Spitzer Space Telescope — General Observer Proposal #3393

Exploring the Nature of Dust in the Outer Disks of Galaxies

Principal Investigator: Dennis Zaritsky
Institution: University of Arizona

Technical Contact: Dennis Zaritsky, University of Arizona

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: MipsPhot
Hours Approved: 8.9

Abstract:

We propose an exploratory study of the extended disks (r > R _25) of spiral
galaxies. Observations suggest that dust (and star formation) exist in spiral
galaxies well beyond the edge of the optical disk. This extended disk region may
eventually play an important role in our understanding of how material infalls
onto galaxies, how star formation is regulated in low-density regions, how the
initial chemical enrichment of galaxies proceeds, and how angular momentum is
distributed in the baryonic component of galaxies. In the proposed study, MIPS
70 and 160 micron photometry of the outer regions of two galaxies will be used
to formulate an understanding of this material at high spatial resolution
(including the density and temperature structure). If successful, this program
will lay the groundwork for the study of a new disk component of spiral
galaxies.

Spitzer Space Telescope — General Observer Proposal #20268

The Formation of Dust Lanes in Nearby, Edge-on Disk Galaxies

Principal Investigator: Roelof de Jong
Institution: Space Telescope Science Institute

Technical Contact: Roelof de Jong, Space Telescope Science Institute

Co-Investigators:

Julianne Dalcanton, University of Washington
Michael Regan, STScI

Simone Bianchi, Arcetri

Eric Bell, MPIA

Anil Seth, University of Washington

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsScan
Hours Approved: 21.3

Abstract:

We propose a comprehensive study of dust emission and absorption in a large
sample of nearby, edge-on disk galaxies. We have recently discovered a sudden
change in dust lane properties using ground-based and HST observations; all
galaxies with rotation speeds in access of 120km/s show dust lanes, but none are
seen in the slower rotators. Because dust and molecular gas are tightly coupled,
this suggest a sudden transition in the state of the multi-phase ISM. We could
be seeing a change in the amount of dust in galaxies, or galaxies could become
dynamically unstable at 120km/s, forming spiral arms and compressing the ISM in
thin lanes. Dust extinction studies are sensitive only to dust in front of the
stars, and Spitzer observations are essential to fully quantify vertical dust
distributions in edge-on galaxies. Here we propose to obtain four channel IRAC
imaging of 15 nearby, well resolved edge-on galaxies and three channel MIPS scan
images of 5 edge-on galaxies with large enough scale heights to be resolved at
70 micron. With these observations we can: — determine the cold dusty ISM
distribution from the PAH emission in the 8 micron IRAC images; — measure hot
and cold dust scale sizes from the MIPS observations, and; - establish the
stellar light distribution from the IRAC 3.6 and 4.5 micron images, which in
conjunction with our existing HST imaging will allow us to accurately quantify
extinction structure on arcsec scales. Our targets cover a range in rotation
velocity and other galaxy properties, and in combination with our radiative
transfer models, we will fully quantify the change in dusty ISM properties
across the 120km/s transition.
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Spitzer Space Telescope — General Observer Proposal #20658

Molecular hydrogen in normal spiral galaxies

Principal Investigator: Paul van der Werf
Institution: Leiden Observatory

Technical Contact: Paul van der Werf, Leiden Observatory

Co-Investigators:

Evan Skillman, University of Minnesota

John Cannon, University of Minnesota

Marco Spaans, Kapteyn Astronomical Institute
Padelis Papadopoulos, ETH Zurich Switzerland
Frank Israel, Leiden Observatory

Fabian Walter, MPIA Heidelberg Germany

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IrsStare
Hours Approved: 11.8

Abstract:

We propose an investigation of the molecular hydrogen component of normal spiral
galaxies using the S(0) line at 28 microns. ISO observations have shown that the
S(0) line probes moderately warm (about 100K) molecular gas which can contain
significant mass, in particular in the outer regions of galaxies. In addition,
it was found that even small quantities of warm gas can significantly affect the
CO-H2 mass conversion factor. With the unprecendented sensitivity of IRS on SST
we can now study in detail the warm H2 component, its mass, scale length, and
temperature structure, as a function of environmental parameters such as
position in a galaxy (arm or interarm location), galactocentric radius, and
local metallicity and radiation field. We propose to use IRS to take deep
spectra of the H2 S(0) line at intervals of 30 arcseconds over (a) the inner
disk of the Local Group spiral galaxy M33 (30 positions in total) where we will
have excellent spatial resolution across spirals arms and (b) the northern half
of the normal quiescent gas-rich edge-on Sc galaxy NGC5907 (17 positions in
total), where we will probe from the nucleus all the way to the end of the HI
disk. In both of these galaxies we have excellent matching CO, HI and [CII] 158
micron data available, which are important for the interpretation of the
results. While the S(0) line will not probe the cold bulk H2, we will pick up
warm H2, also in regions where CO is dissociated. This is expected to occur in
cloud envelopes and in regions of low metallicity, such as in the outer disks of
galaxies. Recent star formation in the extreme outer disks shows that H2 must be
there, yet CO is no detected. ISO observations have also shown that that the
disk scale-length in the S(0) line is much larger than that of CO. The IRS
observations will go more than 10 times deeper than ISO, and will allow us to
pick up even small column densities of warm H2, giving us a much better
understanding of the molecular hydrogen component of normal spiral galaxies.

Spitzer Space Telescope — General Observer Proposal #50630

The Interstellar Medium, Star Formation, Active and Inactive Nuclei of the
Nearby Early-Type Galaxy Sample SAURON

Principal Investigator: Guido van der Wolk
Institution: Kapteyn Astronomical Institute

Technical Contact: Guido van der Wolk, Kapteyn Astronomical Institute

Co-Investigators:

Kristen Shapiro, UC Berkeley Department of Astronomy

Reynier Peletier, Kapteyn Astronomical Institute

Jesus Falcon-Barroso, European Space Agency / Estec

Katia Ganda, Kapteyn Astronomical Institute

Marc Sarzi, Centre for Astrophysics Research, University of He
Johan Knapen, Instituto de Astrofisica de Canarias

Peter Barthel, Kapteyn Astronomical Institute

Martin Bureau, Oxford University

Science Category: nearby galaxies (2<0.05, v_sys<15,000 km/s)
Observing Modes: IracMap MipsPhot
Hours Approved: 10.0

Abstract:

The determination of the star formation history of galaxies and the origin of
the ISM fuel is one of the main unsolved issues in the study of the formation
and evolution of galaxies. By now it appears that supermassive black holes play
a major role in regulating the amount of gas, and thus the star formation in
their host system. To understand these processes, it is important to
simultaneously trace the i) properties of the interstellar medium, ii) the star
formation rate, and iii) the nuclear activity. Our representative set of nearby
elliptical, lenticular and early-type spiral galaxies, the SAURON sample, is
ideal for such a study. For all 72 galaxies in this sample, we have measured the
kinematics of the stars and ionized gas, as well as the stellar populations, via
integral field spectroscopy. These data are crucial for understanding the mass
distribution within a system, as well as kinematic substructures such as disks
and decoupled cores, which likely play a significant role in driving star
formation. We therefore propose to complement this sample with Spitzer IRAC and
MIPS images, in order to quantitatively study the amount of star formation and
dust in these systems. With the combination of Spitzer imaging and SAURON
integral field data, we will be able to study the origin of the ISM in these
early-type systems, and the affect of stellar and gas kinematics on star
formation. Furthermore, using the multi-wavelength dataset (GALEX, CO, HI) we
have accumulated for this sample, we will be able to isolate the contribution
from the AGN and connect activity to other processes within the system in order
to study the fueling of AGN. The data proposed here will therefore create a
unique set of data that will provide much insight into the forces that drive
galaxy evolution.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40137

IRS Spectroscopy and MIPS Mapping of the Intracluster Medium in the Bullet
Cluster 1E0657-56

Principal Investigator: Philip Appleton
Institution: California Institute of Technology

Technical Contact: Philip Appleton, California Institute of Technology

Co-Investigators:

James Houck, Cornell University
Lee Armus, SSC—-Caltech

Patrick Ogle, SSC-Caltech

Science Category: intermediate-z galaxies (0.05<2<0.5)
Observing Modes: IrsMap IrsStare MipsPhot
Hours Approved: 6.0

Abstract:

We propose deep IRS and MIPS observations of the powerful X-ray cluster
1E0657-56 to map the distribution and properties of a likely cool intra-cluster
medium associated with the Bullet-like collision of a dark-matter/galaxy
sub-clump with the main cluster. Observations of 1E0657-56 (at z = 0.3) have
been interpreted as conclusive evidence that dark-matter associated with the
sub—-clump interacts much more weakly with the cluster than the baryonic material
in the clump. Weak-lensing tomography shows the dark-matter (and associated
galaxies) lie ahead of a dissipative bow-shock structure seen in the
X-ray-emitting gas mapped recently by Chandra. Our proposal will test this
hypothesis further by studying the thermally important shock-coolants (large
dust grains and molecules) which we predict should be associated with the
shocked X-ray gas lagging the clump, and which is best detected in the mid and
far-IR. We exploit the large angular scale of the IRS low-res slits to perform
deep observations of 1E0657-56 to search for powerful emission from dust and
molecular gas which we expect to be important in such shocks spread over several
tens of arcsecs: the scale of the X-ray shock and filaments seen by Chandra.

The recent discovery of ultra-powerful (L > 6 x 1042 ergs/s) H2 emission in the
cluster Zwicky 3146 at a similar redshift to 1E0657-56 provides strong support
for the feasibility of this project. Our MIPS imaging of the entire cluster will
also test the idea that the dark matter/gaseous separation might affect the
process of accretion onto the most massive cluster galaxies: a process that
seems common in dynamically relaxed systems.

Spitzer Space Telescope — General Observer Proposal #3644

Far Infrared Study of SN Ia Host Galaxies

Principal Investigator: Lajos Balazs
Institution: Konkoly Observatory

Technical Contact: Lajos Balazs, Konkoly Obs.

Co-Investigators:

Peter Meszaros, Pennsylvania State University
Peter Abraham, Konkoly Observatory

Attila Moor, Konkoly Observatory

Csaba Kiss, Max-Planck-Institut fur Astronomie
Science Category: intermediate-z galaxies 0.05<2<0.5
Observing Modes: MipsPhot

Hours Approved: 29.2

Abstract:

We propose to observe with Spitzer 50 SN Ia host galaxies of z > 0.1 from the
list of Tonry et al. (2003) and 10 more ones which were cross-identified with
IRAS galaxies. We propose to get MIPS photometry from all targets at 24, 70 and
160 micron. The sample of the SN Ia hosts gives a unique opportunity to study
the star formation activity and dust property as a function of the redshift.
Although, the Ia type supernovae are not directly related to the star formation
the anomalous dust properties have to be taken into account at their photometry.
The SN Ia sample is biased towards objects of law extinction where the bulk of
the dust is only in the background. However, the direction of the observer'’s
line of sight is fully random and in a considerable fraction of cases the
influence of the intrinsic dust extinction could be quite significant. The
result might serve a useful input information for studying the proper conditions
for optical afterglows of gamma ray bursts (GRB). There is a so far not fully
understood dichotomy of the GRBs having or not optical after glow. A possible
interpretation appears to be the absorption of the optical radiation in the
interstellar dust. The suspected progenitors of these GRBs are the very massive
stars strongly related to dense giant interstellar dust clouds. Normally, the
observed GRBs are at higher z than the known Ia type SNs. However, the FIR
results obtained for the SN Ia hosts might deliver a useful input information
for planning FIR observations of GRB hosts. The observing time calculated for
MIPS photomery amounts to 29.2 hours.
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Spitzer Space Telescope — General Observer Proposal #50245

Evolution of IR-luminous SED from 0.1 < z < 0.6

Principal Investigator: Benjamin Bertincourt
Institution: Institut d’Astrophysique Spatiale

Technical Contact: Benjamin Bertincourt, Institut d’Astrophysique Spatiale

Co-Investigators:

Guilaine Lagache, IAS, France

Emeric Le Floc'h, University of Arizona, US
Christopher Willmer, University of Arizona, US
Casey Papovich, University of Arizona, US
Herve Dole, IAS, France

Nicolas Bavouzet, IAS, France

George Helou, IPAC / Caltech, US

Jean—-Loup Puget, IAS, France

Francois Boulanger, IAS, France

Science Category: intermediate-z galaxies (0.05<z<0.5)
Observing Modes: MipsPhot
Hours Approved: 17.1

Abstract:

Luminous Infrared Galaxies (LIRGs) are primary contributors to the energy
production at redshift ~1. They are responsible for the dramatic increase of the
star formation density from z=0 to z=1. Establishing proper spectral energy
distribution for this class of sources to characterize the physics of the high
star formation activity is one of the challenge of the coming decade. We have
obtained IRS low resolution spectra of a sample of 40 LIRGs at 0.1<z<0.6. The
sample shows on average a strong evolution of PAH ratios and continuum emission
with redshift. However, the interpretation of the evolution is hampered by the
lack of precise determination of IR luminosity and dust temperature. We thus
request for deep MIPS 70 and 160 photometric data. With these new data we will
be able to place our measured mid-IR continuum, PAH strengths, and dust
temperature in a coherent physical model of SED (similar as in Dopita et al.
2005).

Spitzer Space Telescope — General Observer Proposal #40784

Cluster Environmental Effects on Galaxy Evolution at z=0.2 (Abell 963 vs. Abell
2192)

Principal Investigator: Aeree Chung
Institution: National Radio Astronomy Observatory (NRAO)

Technical Contact: Aeree Chung, NRAO

Co-Investigators:

Min S. Yun, University of Massachusetts, Amherst

J. H. van Gorkom, Columbia University

G. Morrison, Institute for Astronomy, University of Hawaii

Marc Verheijen, Kapteyn Astronomical Institute, University of Gron
A. Szomoru, Joint Institute for VLBI in Europe

K. S. Dwarakanath, Raman Research Institute

B. M. Poggianti, INAF - Padova Astronomical Observatory

D. Schiminovich, Columbia University

Science Category: intermediate-z galaxies (0.05<z<0.5)
Observing Modes: IracMap MipsScan
Hours Approved: 30.4

Abstract:

We propose Spitzer IRAC and MIPS observations for two carefully selected
clusters at z=0.2. This is the lowest redshift where the Butcher Oemler effect
has been seen and the highest redshift where HI imaging is feasible with current
instrumentation. Abell 963 is a rich and X-ray luminous cluster with an
unusually high fraction of blue galaxies while Abell 2192 is less massive and
has more substructure. To address the question of how galaxies get affected by
the surroundings, we will investigate star formation and gas properties of
galaxies in those two clusters as a function of environment. Using the Spitzer
data, we will study star—-forming or AGN activities, star formation histories,
and dust contents. We are building up a multiwavelength database on the two
clusters. Specifically, we have been allocated 2000 hrs of WSRT time to image
the clusters in HI and 250 hrs of FCRAO time to determine the CO content of the
cluster galaxies. We are also obtaining optical imaging and spectroscopy data.
This unique dataset will allow us to relate star formation rates and histories
directly to the gas content and stellar populations for the first time at this
redshift. In addition, we will probe not only galaxies in the two clusters but
also fore/background systems, using the huge velocity coverages of the HI and CO
observations. In order to trace galaxies with normal star formation rates (1-2
Msun/yr) with S/N>5 in all four IRAC bands and 24/70 microns, we request 3.4
hours of IRAC and 11.8 hours of MIPS observation time on each cluster, yielding
30.4 hours of the integration time in total.
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Spitzer Space Telescope — General Observer Proposal #30202

Revealing the Nature of one of the most H2-bright ULIRGs

Principal Investigator: Helmut Dannerbauer
Institution: MPIA

Technical Contact: Helmut Dannerbauer, MPIA

Co-Investigators:

Dimitra Rigopoulou, Astrophysics, Oxford
Dieter Lutz, MPE

Reinhard Genzel, MPE

Eckhard Sturm, MPE

Alan F. M. Moorwood, ESO

Helene Roussel, MPIA

Science Category: intermediate-z galaxies (0.05<z<0.5)
Observing Modes: IracMap IrsStare MipsPhot
Hours Approved: 1.3

Abstract:

We propose observations with all three instruments on-board Spitzer of one of
the most H2-bright galaxies known so far, the local ULIRG IRASF23578-5307 at
z~0.125. The H2-brightness of this ULIRG, relative to bright lines tracing
HII-regions, was discovered through near-infrared follow-up spectroscopic
observations of a sample of ULIRGs previously observed by ISO. We note that the
NIR H2-emission in IRASF23578-5307 is even stronger than in the well known
H2-bright object NGC 6240 which was observed by Spitzer (Armus et al. 2005).
Due to the wealth of diagnostic tools in the mid-infrared, the proposed IRS
spectroscopic observations both in low and high resolution mode will give us
deep insight into the nature of the strong NIR H2-emission lines seen. We aim at
observing atomic fine structure lines, H2 molecular lines, PAHs and possible
silicate absorption features. And thus we will apply standard MIR-diagnostic
tools in order to reveal the nature of the unusual strong H2 emission detected
in this ULIRG and determine if starburst or AGN activity is the dominant energy
source. We will test the relevance of possible excitation mechanisms of H2
(fluorescence, PDR, shocks, Xray-heating). In addition, the IRAC 4-band and the
MIPS 24 micron observations will provide us a solid calibration of the
IRS—-spectroscopy. MIPS observations at 70 and 160 micron will allow us to set
constraints on the dust temperatures, the geometry and the dust mass. The
extraordinary properties in the NIR and the tantalizing ISOPHOT-S spectrum, make
it indispensable to obtain Spitzer observations of this peculiar object.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #50666

A systematic IRS survey of the Spitzer 70 micron extragalactic population

Principal Investigator: Duncan Farrah
Institution: Cornell University

Technical Contact: Duncan Farrah, Cornell University

Co-Investigators:

James Houck, Cornell
Carol Lonsdale, Virginia
Maria Polletta, IAP, Paris
Henrik Spoon, Cornell

Dan Weedman, Cornell

Science Category: intermediate-z galaxies (0.05<z<0.5)
Observing Modes: IrsStare
Hours Approved: 89.9

Abstract:

We propose a systematic IRS survey of a complete sample of 68 extragalactic
sources with 70 micron fluxes brighter than 20mJy. Recent theoretical and
observational results suggest that the Spitzer extragalactic 70 micron
population is very important; results from source counts and SED modeling
suggest that 70 micron sources at these fluxes are mainly obscured starbursts
over 0<z<8 with small numbers of dusty AGN, but small-scale IRS programs
targeting 70 micron selected sources suggest that this population is
surprisingly heterogeneous, with a wide dispersion in mid-IR spectral shapes
(from power laws to PAH dominated) and covering a very wide redshift range
(0.1<2<2.0). The Spitzer 70 micron population may thus be a critical unknown in
understanding the dramatic evolution of LIRGs over 0<z<2. To date however, there
has been no thorough mid-IR spectroscopic followup of 70 micron selected
samples. This represents a major gap in our knowledge, as Herschel-PACS will
discover large numbers of 70 micron sources, and is one that can only be filled
by Spitzer before cryogen exhaustion. Our program will constitute the first
systematic IRS followup of the extragalactic 70 micron population.
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Spitzer Space Telescope — General Observer Proposal #30605

X-ray selected star-forming galaxies: the mid-IR view

Principal Investigator: Antonis Georgakakis
Institution: Imperial College
Technical Contact: Antonis Georgakakis, Imperial College
Co-Investigators:
Ioannis Georgantopoulos, National Athens Observatory

Panayiotis Tzanavaris, Athens Observatory
Manolis Rovilos, Athens Observatory

Science Category: intermediate-z galaxies (0.05<z<0.5)
Observing Modes: IrsStare
Hours Approved: 6.9

Abstract:

A key development from recent Chandra and XMM-Newton surveys has been the
compilation of the first non-local (z=0.01-1) X-ray selected sample of normal
galaxy candidates, with X-ray emission dominated by star-formation rather than
AGN activity. This has opened the way to explore, for the first time, the
star-formation history of the Universe at X-rays, providing information that is
complementary to that obtained from other wavebands. However, concern has been
raised for possible contamination of the X-ray selected star—-forming samples by
heavily obscured or low-level AGN activity that remains unidentified at the
optical and the X-ray wavelengths. Addressing this issue is clearly essential to
establish the link between X-ray emission and star-formation activity. This
proposal aims to address this point using the unprecedented sensitivity of
Spitzer to obtain low resolution mid-IR spectroscopy for a unique low-z X-ray
selected star-forming galaxy sample. These observations will be used to (i)
identify hidden AGNs using the diagnostic power of mid-IR spectroscopy and (ii)
provide a quantitative relation between star—formation and X-ray luminosity for
an X-ray selected galaxy sample (as opposed to optically selected samples
studied todate).

Spitzer Space Telescope — Legacy General Observer Proposal #40539

The 5 mJy Extragalactic Spectroscopic Survey

Principal Investigator: George Helou
Institution: California Institute of Technology

Technical Contact: George Helou, California Institute of Technology

Co-Investigators:

Daniel Dale, U Wyoming

Guilaine Lagache, IAS, U Paris—-Sud, France
Lee Armus, SSC, Caltech

John-David Smith, U Arizona

Casey Papovich, U Arizona

Lin Yan, SSC, Caltech

Dario Fadda, IPAC, Caltech

Bruce Draine, Princeton U

Ned Wright, UCLA

Francois Boulanger, IAS, U Paris-Sud, France
Marc Sauvage, CEA-Saclay, France

Nurur Rahman, IPAC, Caltech

Science Category: intermediate-z galaxies (0.05<z<0.5)
Observing Modes: IrsStare
Hours Approved: 200.0

Abstract:

We propose to obtain IRS spectrosocopy of a flux-limited sample of galaxies with
5<fnu(24)<100mJy, a prime discovery range for Spitzer, but one largely
unexplored. With a modeled 10th to 90th percentile range of 1lel0 L(sun) to 2el3
L(sun) and z=0.05 to z=0.75, this sample bridges the gap between the pre-Spitzer
objects such as nearby spirals and ULIRGs, and the much fainter and more distant
sources pursued in most IRS follow-up work to date. This quintessential Legacy
Science program will generate a library of spectra that will remain unique for a
very long time, and is critical for (1) a first direct accounting of the
frequency of various types of spectra from normal star-forming to QSO-like, and
of the fractional contributions to the power source in mixed systems, (2) an
overview of the prevailing ISM physical conditions and their evolution over the
past 2 to 5 Gyr, (3) the search for new classes of objects with a 99% likelihood
of funding 1% classes, and (4) a high signal-to-noise library of spectra,
essential for proper modeling of counts and backgrounds in the infrared. Our
targets are bright sources, readily available from FLS, SWIRE, Bootes and other
fields. The data are straightfoward to reduce into high quality science-ready
spectra, and will have many applications besides the above, especially given the
richness of ancillary data available for them, including 70 and 160micron
photometry. The total request is for 275 hours, a modest investment in view of
the returns in immediate science and in long-term benefits to future missions
like WISE, Herschel and JWST.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #31

Evolution of Intermediate Redshift Clusters

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Terry Herter, Cornell University

Science Category: intermediate-z galaxies 0.05<z<0.5
Observing Modes: IracMap IrsStare MipsScan
Hours Approved: 16.4

Abstract:

Science Objectives — The goal of this project is to understand the increased
fraction of low luminosity radio galaxies (LLRGs) with increasing cluster
redshift. It will address the following questions (1) Are the LLRGs starburst
galaxies (2) Does the L(FIR) — L(20-cm) relationship hold for these galaxies.
That is, is this relationship valid for evolved galaxies or potentially a
different population of galaxies (3) A side project will be to examine the FIR
luminosity function of cluster galaxies for these clusters.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #30121

IRS Spectra of Extreme IRAS Sources

Principal Investigator: James R. Houck
Institution: Cornell University

Technical Contact: Daniel Weedman, National Science Foundation

Co-Investigators:

Daniel Weedman, Cornell University

Areg Mickaelian, Byurakan Observatory, Armenia
Lei Hao, Cornell University

Bernhard Brandl, Leiden University

Science Category: intermediate-z galaxies (0.05<2<0.5)
Observing Modes: IrsStare
Hours Approved: 13.6

Abstract:

The 28 optically-faintest targets (E mag > 18) from the IRAS FSC survey, chosen
by identification with the FIRST radio survey, will be observed in the full low
resolution modes of the Spitzer IRS in order to provide a comparison sample for
high redshift objects which we discovered in previous GTO observations on the
basis of extreme Inrared/optical ratios. The median IR/optical of this new
sample is 40, whereas the same ratio is ~10 in the classical ULIRGS Markarian
231 and Arp 220, implying that the new sample is much more obscured than typical
ULIRGS. Median IRAS 25u flux density is 140 mJy, so IRS exposures are short,
requiring only 16 minutes per source. Results will provide a relatively local
comparison sample for measuring strength of silicate absorption and PAH emission
features. This will enable determination of whether our high redshift samples
are biassed toward AGN and whether we should always expect to find sufficiently
strong features for redshift identification. To complete an unbiased
flux—-limited sample of infrared sources for comparison to the extreme sources,
we will also observe ten sources brighter than 10 mJy at 24u in our Bootes
survey field, to finish the total sample of 32 such sources.
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Spitzer Space Telescope — General Observer Proposal #20128

PAH contribution to the infrared output energy at redshift 0.1 to 0.6

Principal Investigator: Guilaine Lagache
Institution: Institut d’Astrophysique Spatiale

Technical Contact: Guilaine Lagache, Institut d’Astrophysique Spatiale

Co-Investigators:

Herve Dole, Institut d'Astrophysique Spatiale
George Helou, California Institute of Technology
Emeric Le Floc'h, University of Arizona

Casey Papovich, University of Arizona

Jean-Loup Puget, Institut d’Astrophysique Spatiale
JD Smith, University of Arizona

Science Category: intermediate-z galaxies 0.05<z<0.5
Observing Modes: IrsStare

Hours Approved: 38.1

Abstract:

Locally 0.5% of galaxies with Log(L(V))>10 Lo have Spectral Energy Distribution
(SED) typical of Luminous Infrared Galaxies (LIRGs). This changes dramatically
at higher redshift: in deep surveys, ISO at 15 microns detect about 15% of the
MB<-20 galaxies (LIRGs at median redshift of 0.65) and SPITZER at 24 microns
detect about 30% of field galaxies (starbursts and LIRGs at median redshift of
about 1, Ultra-LIRGs up to redshift 3). In the infrared, LIRGs become the
dominant population contributing to the comoving energy density beyond z~0.5-0.6
and represent 70% of the star—-forming activity at z~1. It is thus clear this
population contributes an important part of the whole galaxy build-up in the
Universe. The determination of the SEDs of these galaxies at cosmological
distance remains an open question despite a lot of work in the last few years.
First studies on the 24 microns SPITZER selected galaxies, together with
interpretations of the deep number counts by empirical models, suggest that PAH
features remain prominent in LIRGs/ultra-LIRGs up to z~2.5. Establishing proper
SEDs is one of the challenges of the coming decade. The unique capabilities of
the IRS provide unprecedent access to this difficult investigation. We propose
to observe with the IRS low resolution spectroscopy mode 40 starburst LIRGs at
0.1<z<0.6 that are identified in the 24 microns FLS and BOOTES cosmological
surveys and have also spectroscopic redshifts. We impose an upper luminosity
cutoff (Log(L)<1l2 Lo) to probe only the dominant population contributing to the
very strong evolution of the comoving infrared energy density up to z~1. This
cutoff prevents us to go to higher redshift. Measuring the mid-IR SEDs up to
z=0.6 in normal starbursting galaxies will allow, for the first time to (1) test
the strength of PAHs in distant LIRGs and (2) combined with 70 and 160 microns
detections, conduct detailed studies of SED variations with the physical LIRGs
properties such as redshift, metallicity and environnement.

Spitzer Space Telescope — Guaranteed Time Observer Proposal #83

Use of Massive Clusters as Cosmological Lenses/Evolution of Galaxies and Lensing
in Clusters

Principal Investigator: George Rieke
Institution: The University of Arizona

Technical Contact: George Rieke, The University of Arizona

Science Category: intermediate-z galaxies 0.05<z<0.5
Observing Modes: IracMap IrsStare MipsPhot MipsScan
Hours Approved: 144.2

Abstract:

Use of Massive Clusters as Cosmological LensesG. RiekeMassive galaxy clusters
lens the part of the universe behind them D roughly speaking, the lensing action
is strongest at twice the distance of the cluster. The effectiveness of the
lensing is greatest for the most massive clusters. Although MIPS can observe to
confusion limits at 24, 70, and 160mm, the advantage provided by lensing is that
galaxies that normally would be below the confusion limit are amplified and can
be detected individually. Hence, Massive clusters can be identified by their
strong xray emission. This program concentrates on x-ray luminous clusters in
the range 0.2 < z < 0.4, also selected to be in regions of very low infrared
cirrus.Evolution of Galaxies and Lensing in ClustersKelly & G. RiekeWe have a
number of goals for this survey. At low redshifts, we will scan map the
clusters, measuring the brightnesses and colors of individual galaxies and
checking to see if there is detectable emission from the intracluster medium.

In addition, we will look at the properties of the cluster as a whole by
determining the luminosity function and the total far-infrared flux, both
globally and as a function of location in the cluster. At modest redshifts of
0.2-0.4 we will measure brightness distributions, fluxes for the brightest
individual galaxies, and the brightnesses of the clusters as a whole. In this
range, we will also use the data as a lensing cluster survey. Because of the
very non-linear relation between redshift, z, and distance, the result is that
clusters at z ~ 0.3 are effective at lensing from 1 < z < 2, approximately. Use
of lensing can extend the MIPS deep surveys in depth by the lensing
amplification factor, which typically is 3 to 5. At redshifts greater than 0.75,
we will be studying the early history of the clusters. At all of these redshift
ranges, we have used x-ray luminosity as a means to select massive clusters and
hence we have a homogeneous sample ranging from nearby to z > 1.
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Spitzer Space Telescope — Guaranteed Time Observer Proposal #40251

The Relation Between the IR Emission and Optical Colors of Galaxies

Principal Investigator: George Rieke
Institution: Steward Observatory, U. Arizona

Technical Contact: Casey Papovich, Steward Observatory, U. Arizona

Co-Investigators:

Casey Papovich, Steward Observatory
Emeric Le Floc’'h, IfA, Hawaii

Delphine Marcillac, Steward Observatory
John-David Smith, Steward Observatory
Benjamin Weiner, Steward Observatory
Christopher Willmer, Steward Observatory
Peter Eisenhardt, JPL/Caltech

Science Category: intermediate-z galaxies (0.05<z<0.5)
Observing Modes: IrsStare
Hours Approved: 14.1

Abstract:

Great progress has been made in understanding the formation of galaxies with the
recognition that the distribution of their rest-frame colors is bimodal.
However, to date, how galaxies leave the star—-forming blue cloud and migrate
through the green valley to the red-sequence is unknown. We propose to study the
mid-IR spectroscopic properties of sources with spectroscopic redshifts 0.2 < z
< 0.6 and 24 micron flux densities S(24) > 2 mJy, spanning the full range of
optical color and luminosity, from the blue cloud to the red sequence. The
optical counterparts to MIPS 24 micron sources span a range of optical color,
suggesting their is a strong dependency of galaxy colors on IR activity. Thus
far our efforts to model the IR spectral energy distributions of galaxies have
ignored galaxy color. The IRS spectroscopy is crucial for understanding the
origin of the IR emission. We will use the IRS data, combined with existing IRAC
3-8 micron and MIPS 24-160 micron data, to (1) study the ionization state of the
IR emission, (2) test for the existence of obscured AGN, (3) study how these
correlate with the optical spectral properties and colors of the galaxies.

Spitzer Space Telescope — General Observer Proposal #50207

k+a galaxies and the starburst — AGN connection

Principal Investigator: Isaac Roseboom
Institution: University of Sussex

Technical Contact: Isaac Roseboom, University of Sussex

Co-Investigators:

Seb Oliver, University of Sussex
Matthew Thomson, University of Sussex
Nurur Rahman, University of Sussex
Duncan Farrah, Cornell University

Science Category: intermediate-z galaxies (0.05<2<0.5)
Observing Modes: IrsStare
Hours Approved: 14.3

Abstract:

k+a galaxies represent a short-lived post-starburst phase in which a galaxy goes
from a period of high levels of star formation to quiescence in only a matter of
a few Gyr. Of interest is the discovery that many k+a galaxies harbor AGN.

Given that the quenching of star formation via AGN feedback is considered a
vital component in models of galaxy formation at high-z, although as yet
uncofirmed, observing low redshift analogues in the form of k+a galaxies should
give us valuable insights into this process, if it exists. Here we propose to
observe 12 nearby (2z<0.2) galaxies which are known to be in a post-starburst
phase from their optical spectra. The selection is grouped into three
sub-classes which map out a range of times across the post-starburst phase. The
aim is to identify what, if any, contri