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001 - HAD I: The Spitzer Observatory Space
Mission

001.01 - Making the invisible visible: A history of the
Spitzer Infrared Telescope Facility (1971-2003)(Renee
Rottner)

This talk describes the development of NASA’s Spitzer Space
Telescope until its launch in 2003. As a project requiring
cooperation between the public and private sectors, Spitzer
ultimately involved more than 1,000 people from 24
organizations including government, universities, and for-profit
firms. In the early 19770s, there was but a small group of
advocates for an infrared space telescope. They faced a set of
daunting challenges: infrared astronomy was a new field,
cooled electronic sensors were a new technology, and placing a
complex observatory in space was many years off.Under
development for nearly three decades, the project encountered
many technological, scientific, economic, and political hurdles.
Spitzer also had to remain nimble as the key stakeholders
changed over time-in their composition, goals, and influence.
By presenting Spitzer in its historical context, I discuss the
some of the strategies the project team used to overcome the
challenges in building a one-of-a-kind telescope facility while
working across diverse institutions.---This work was supported
under NASA Contract NNHo8CCg7C for the development of
NASA History Series Monograph SP-2017-4547.

Author(s): Renee Rottner

Institution(s): University of California - Santa Barbara

001.02 - “Minefields of Opportunity: Getting Spitzer
into Space” (David Gallagher)

The Spitzer Space Telescope has dramatically exceeded
scientific expectations and been an enormous success for NASA
and the world. Having just completed 15 years of discovery and
providing answers to some of the most challenging scientific
questions, it is appropriate to pause and consider some of the
lessons learned in getting this fabulous mission into space.
These lessons are divided into the following categories and the
talk will address each area:o Sponsor relationshipso Creating
and organizing the project teamo Take advantage of the Science
Team and communityo Reviewso It’s the people!o Selecting and
managing contractorsWhile there are numerous technical and
scientific details that can and are addressed in other
presentations, it is important to examine the leadership and
management approach that helped create the environment for
success.This paper is based in part on work carried out at the
Jet Propulsion Laboratory, California Institute of Technology,
under a contract with NASA.

Author(s): David Gallagher

Institution(s): Jet Propulsion Laboratory

001.03 - Though She Be But Little, She is Fierce;
Spitzer's Scientific Success"(Michael Werner)

The Spitzer Space Telescope has just completed its 15th year of
on-orbit operations, and its scientific success has far
outstripped even the wildest dreams of those of us who brought
the facility to fruition. One measure of that success is that our
tally of peer-reviewed papers has just passed 8,000, which
amounts to 1.5 papers published each day of the 15 years of
operation. The scientific targets observed span the Universe
from Near Earth Objects to galaxies at z>11, and Spitzer has
addressed the three fundamental questions of modern
astrophysics: Where did we come from? How did the Universe
evolve? Are we Alone?In addition to presenting key scientific
results from Spitzer which bear on each of these questions, this
talk will discuss the reasons for Spitzer’s scientific success,
which are many and varied. These include: 1. The intrinsic
sensitivity of a cooled space telescope for infrared observations;
2. The imaging and spectroscopic power of Spitzer’s arrays; 3.
The use of radiative cooling in a heliocentric orbit; 4. The
simplicity and robustness of Spitzer’s three instruments and the
Spitzer spacecraft; the cooperation of the Universe, which has
continually presented Spitzer with new phenomena to study;
and 5. The flexibility and dependability of Spitzer operations,
which have allowed Spitzer to respond to these new challenges.
In addition, the timing of Spitzer with respect to other missions,
past and present, has benefitted Spitzer science. With that said,
however, the single most significant reason for Spitzer’s success
is people - both those who worked on the design and
development of the facility and the many scientists from around
the world who have implemented their own scientific vision
using Spitzer. This paper is
based in part on research carried out at the Jet Propulsion
Laboratory, California Institute of Technology, under a contract
with NASA.

Author(s): Michael Werner

Institution(s): Jet Propulsion Laboratory/Caltech

100 - Welcome Address by AAS President

Megan Donahue (Michigan State University)
Welcome Address by AAS President

101 - Plenary Prize Lecture: Kavli
Foundation Plenary Lectureship: A Color
Out of Space: ““Oumuamua’s Brief and
Mysterious Visit to the Solar System,
Gregory Laughlin (Yale University) with
Ka'iu Kimura ('Imiloa Center)

101.01 - A Color Out of Space: “ ‘Oumuamua’s Brief and

Mysterious Visit to the Solar System(Gregory
Laughlin)

‘Oumuamua -- the first macroscopic body observed to pass
through the inner Solar System -- provided one of the most
exciting recent discoveries in Astronomy. In this talk, I will
summarize what is known and what is postulated about this
mysterious object. I will outline the consequences that this first
detection of an interstellar object (an ISO) implies for the



planet-forming process, and I will assess the near-term
prospects for detecting and observing (both remotely and in
situ) future Solar System visitors of this type. Using
““Oumuamua as a proof-of-concept, I will provide an overview
of prospects for missions that intercept ISOs using conventional
chemical propulsion.

Author(s): Gregory Laughlin

Institution(s): Yale University

102 - The Landscape of Next-Generation

Gravitational Wave Observatories
102.01 - Next-generation ground based gravitational-
wave detectors(Evan Hall)

The current generation of gravitational-wave detectors has
provided a wealth of information from coalescences of binary
black holes and binary neutron stars. However, even at design
sensitivity these detectors are only able to observe coalescences
from the local universe, out to redshifts of a few. In contrast, the
next generation of longer and more sensitive gravitational-wave
detectors, such as Einstein Telescope and Cosmic Explorer, will
detect binary coalescences throughout the entire universe, out
to redshifts well beyond 10. Additionally, these next-generation
detectors will detect nearby coalescences with exquisite signal-
to-noise ratios, enabling precision tests of general relativity and
nuclear physics. I will discuss some of the science goals and
technological challenges for this next generation of detectors.
Author(s): Evan Hall

Institution(s): Massachusetts Institute of Technology

102.02 - Next-generation observatory network,
infrastructure and governance(Sheila Rowan)

The future of gravitational wave astronomy will be of a detector
network embedded within a global framework. This talk will
discuss the work of the community in preparing the path
towards such a network of future detectors, particularly in an
international context.

Author(s): Sheila Rowan

Institution(s): University of Glasgow

102.03 - Low-frequency gravitational wave astronomy
with the Laser Interferometer Space Antenna(James
Ira Thorpe)

The early results from ground-based gravitational wave
observatories have powerfully demonstrated the impact that a
new measurement technique can have on the field of
astronomy. The Laser Interferometer Space Antenna (LISA)
will expand our window into the gravitational wave universe
into the milliHertz frequency band - a band rich in both number
and variety of astrophysical sources. LISA has recently been
selected by the European Space Agency (ESA) and is under
active development with contributions from European National

Agencies and NASA. In this talk I will present an overview of
the science case for LISA, describe the mission and its key
technological components, and discuss plans and progress
towards implementation.

Author(s): James Ira Thorpe

Institution(s): NASA/GSFC Contributing Team(s): The LISA
Team

102.04 - The science enabled by measuring
gravitational waves(Jocelyn Read)

The gravitational-wave spectrum ranges across many orders of
magnitude in frequency, carrying signature patterns from mass
in motion across the universe. The potential sources range from
fluctuations in the early universe, through distant binaries, to
nearby pulsars. Observations offer unique insights into the
formation and composition of the universe, and of compact
objects in particular. I will give an overview of gravitational-
wave sources targeted by different observational facilities and
discuss the implications of their measurement on
understanding those sources. Finally, I will elaborate on some
of the science goals for the next generation of detectors and
discuss how the knowledge gained from gravitational-wave
observations can contribute to open questions in astronomy
and physics.

Author(s): Jocelyn Read

Institution(s): CSU Fullerton

102.05 - Next-generation science with gravitational
waves and other messengers(Peter Shawhan)

The detection of the binary neutron star merger GW170817 by
the LIGO-Virgo network, Fermi and INTEGRAL, and across the
whole electromagnetic spectrum was a spectacular introduction
to multi-messenger astronomy with gravitational-wave sources.
Complementary observations can yield insights into progenitor
properties such as object compactness, masses and spins,
formation history, system orientation, and energy outflows, and
can also anchor tests of fundamental physics and cosmology. As
ground-based gravitational wave detectors reach farther into
the universe, the growing sample of sources will provide
numerous opportunities for individual and statistical study, but
also challenges for efficient observing. In space, LISA will reveal
new low-frequency gravitational-wave sources which may be
correlated with electromagnetic variability. These investigations
will complement the science which can be done with
gravitational waves alone.

Author(s): Peter Shawhan,

Institution(s): University of Maryland, Joint Space-Science
Institute Contributing Team(s): LIGO Scientific Collaboration,
Virgo Collaboration



103 - Extrasolar Planets: Characterization &
Theory Track 2: II1. Small Stars and their

Planets
103.01 - M dwarfs as exoplanet hosts: characterizing
our nearest and smallest stellar neighbors(Elisabeth
Newton)

M dwarf stars, which comprise about 70% of stars in the Solar
Neighborhood, are among the most exciting targets for
exoplanet surveys. Due to their small sizes, they provide the
opportunity for the discovery of small, rocky planets whose
masses can be measured and whose atmospheres can be studied
in detail. Ground-based surveys, such as those conducted with
Keck, HARPS, MEarth, and TRAPPIST, have surveyed many of
these nearby M dwarfs in the hunt for new worlds. They have
recently been joined by TESS, which began science operations
in July 2018. These surveys have yielded a number of exoplanet
discoveries that have been subject to intense follow-up efforts,
including Gl 436, GJ 1214, TRAPPIST-1, and LHS 1140.
Constraining the parameters of the host stars is key to the
detailed characterization of these planets. We can infer stellar
radii and metallicities from near-infrared spectra and magnetic
activity from optical spectra. From photometry, we can
determine the stellar rotation period and flare rate. The MEarth
Project has dedicated substantial effort to studying nearby M
dwarfs using these techniques. I will discuss our observations of
nearby M dwarfs, focusing on stellar rotation and metallicity
measurements that we have made for low mass stars in the
southern hemisphere using MEarth-South and FIRE on
Magellan. Our survey is comprised primarily of targets of the
MEarth transiting planet survey, and many will soon also be
observed by TESS.The MEarth team is grateful for support from
the David and Lucile Packard Fellowship for Science and
Engineering, the John Templeton Foundation, and the National
Science Foundation (awarded to D.C.). E.R.N. acknowledges
support from the NSF AAPF under award AST-1602597 and the
GRFP. N.M. acknowledges support from the NSF through the
GRFP, and the LSSTC Data Science Fellowship program.
Author(s): Jennifer Winters, Ian Crossfield, Nicholas
Mondrik, Zachory Berta-Thompson, Alana R Sanchez, Elisabeth
Newton, Jason Dittmann, Jonathan Irwin, Carissa S Skye,
David Charbonneau

Institution(s): Massachusetts Institute of Technology,
Harvard University, Dartmouth College, University of Colorado
at Boulder, Harvard-Smithsonian Center for Astrophysics

103.03 - Simulating the Detectability and
Characterization of the TRAPPIST-1 Exoplanet
Atmospheres with JWST(Jacob Lustig-Yaeger)

The James Webb Space Telescope (JWST) will offer the first
opportunity to characterize terrestrial exoplanets transiting
nearby M dwarf stars with sufficient precision to identify high
mean molecular weight atmospheres. TRAPPIST-1’s seven
known transiting Earth-sized exoplanets are particularly
amenable to atmospheric characterization due to the star’s

small radius and cool effective temperature, both of which
increase the detectability of atmospheric spectral features. To
help the community prepare for JWST observations, we use
self-consistent climate and photochemical models of plausible
post-ocean-loss and habitable environments for the TRAPPIST-
1 exoplanets to directly compare transmission and emission
spectroscopy with various JWST instruments and observing
modes. We find that transmission spectroscopy with NIRSpec
Prism could lead to a modest detection of atmospheric spectral
features (predominantly due to CO2) in fewer than 10 transits
for all seven TRAPPIST-1 planets, if they lack high altitude
aerosols. If the TRAPPIST-1 planets possess self-consistent
Venus-like H2SO4 aerosols, atmospheres may require 3-4 times
the number of transits to detect, thus mirroring the current
high-altitude aerosol paradigm seen for hot Jupiters and super-
Earths. Water may be prohibitively difficult to detect in both
Venus-like and habitable atmospheres due to its presence lower
in the atmosphere where transmission spectra are insensitive.
Although the presence of biogenic O2 will likely be extremely
challenging to detect for the TRAPPIST-1 habitable zone
planets, abiotically produced O2 may be detectable for all seven
TRAPPIST-1 planets via large O2-0O2 collisionally-induced
absorption features at 1.06 and 1.27 Aum, which would
implicate a post-runaway environment. Our results constitute a
suite of hypotheses on the nature and detectability of highly-
evolved terrestrial exoplanet atmospheres that may be readily
tested with JWST.

Author(s): Jacob Lustig-Yaeger, Victoria Meadows, Andrew
Lincowski

Institution(s): University of Washington

103.04 - Limits on Clouds and Hazes in the TRAPPIST-
1 Planets: insights from the laboratory and
models(Sarah E Moran)

As the first known multi-planet system of Earth-sized worlds,
the TRAPPIST-1 system has been the subject of intense study
since its discovery. With at least three of its planets in the
traditional habitable zone, the TRAPPIST-1 system offers an
exceptional opportunity to study the evolution, potential
habitability, and possible aerosol formation of planetary
atmospheres around M-dwarf stars. ~ Using a combination of
laboratory results for temperate exoplanet atmospheres and a 1-
D atmospheric model, we explored the feasibility of aerosols in
hydrogen-rich atmospheres to explain the featureless Hubble
Space Telescope (HST) transmission spectra of TRAPPIST-1d,
e, f, and g. From the laboratory, we have constraints on haze
particle size and production rate. Using these constraints as a
guideline, we found that based on physically realistic haze
formation scenarios, TRAPPIST-1 d and e likely do not have
hydrogen-rich atmospheres with hazes muting spectroscopic
features. We also investigated the effect of an opaque cloud
layer in hydrogen-rich atmospheres: high altitude clouds are
needed in these models to explain the HST transmission spectra
for TRAPPIST-1d and e. At the required altitudes, it is unlikely
that an optically thick cloud could form due to the lack of
material available. Finally, I will present lower limits for the



mean molecular weights of the TRAPPIST-1 atmospheres, both
with and without an opaque cloud deck. Current observational
precision is not yet strong enough to rule out extended
hydrogen-rich atmospheres for TRAPPIST-1 f and g, and these
worlds will require follow-up with more powerful observatories,
such as the James Webb Space Telescope.  Our findings
support secondary rather than primordial atmospheres for the
TRAPPIST-1 planets and allow for substantial evolution of these
atmospheres over their lifetimes, as found in previous studies.
Beyond the TRAPPIST-1 system, this study has broader
implications for other M-dwarf hosted terrestrial planets, which
should also be expected to have secondary rather than
primordial, hydrogen-rich atmospheres.

Author(s): Nikole K Lewis, Sarah M Horst, Hannah R
Wakeford, Sarah E Moran, Natasha E Batalha

Institution(s): Johns Hopkins University, Cornell University,
University of California, Santa Cruz, Space Telescope Science
Institute

103.05 - Disentangling the planet from the star in late
type M dwarfs: A case study of TRAPPIST-1g(Hannah R
Wakeford)

TRAPPIST-1 hosts seven transiting Earth-sized exoplanets
readily amenable for atmospheric characterization. However,
the star is an ultra-cool dwarf and contains its own molecular
signatures which can potentially be imprinted on planetary
transit lightcurves due to inhomogeneities in the occulted
stellar photosphere. We use a new observation of TRAPPIST-1g,
the largest planet in the system, together with previous data to
disentangle the atmospheric transmission of the planet from
that of the star. We use the out-of-transit stellar spectra to
reconstruct the stellar flux based on one, two, and three
temperature components. We present the results of the stellar
reconstructions, along with the geometry of the planetary
transit, using physically motivated stellar and planetary spectra
to disentangle the signature of the planet and stellar
atmospheres. The method presented in the case study of
TRAPPIST-1g is widely applicable to all late type M dwarfs with
transiting planets and will be important for future
characterization studies.

Author(s): Jeff Valenti, Julia Fowler, Sarah E Moran, Hannah
R Wakeford, Natasha E Batalha, Nikole K Lewis, Julien deWit,
Tom J Wilson, Giovanni Bruno,

Institution(s): Space Telescope Science Institute, INAF
Osservatorio Astrofisico di Catania, Cornell University,
University of California: Santa Cruz, Johns Hopkins University,
MIT

103.07 - Hydrohalite Salt-albedo Feedback Could Cool
M-dwarf Planets(Aomawa Shields)

A possible surface type that may form in the environments of
M-dwarf planets is sodium chloride dihydrate, or “hydrohalite”
(NaCl a—2H20), which can precipitate in bare sea ice at low

temperatures. Unlike salt-free water ice, hydrohalite is highly
reflective in the near-infrared, where M-dwarf stars emit
strongly. We carried out the first exploration of the climatic
effect of hydrohalite-induced salt-albedo feedback on extrasolar
planets, using a three-dimensional global climate model. Under
fixed CO2 conditions, rapidly-rotating habitable-zone M-dwarf
planets receiving 65% or less of the modern solar constant from
their host stars exhibit cooler temperatures when an albedo
parameterization for hydrohalite formation is included in
climate simulations, compared to simulations without such a
parameterization. Differences in global mean surface
temperature with and without this parameterization increase as
the instellation is lowered, which may increase CO2 build-up
requirements for habitable conditions on planets with active
carbon cycles. Synchronously-rotating habitable-zone M-dwarf
planets appear susceptible to salt-albedo feedback at higher
levels of instellation (90% or less of the modern solar constant)
than planets with Earth-like rotation periods, due to their
cooler minimum day-side temperatures. These instellation
levels where hydrohalite seems most relevant correspond to
several recently-discovered potentially habitable M-dwarf
planets, including Proxima Centauri b, TRAPPIST- 1e, and LHS
1140b, making an albedo parameterization for hydrohalite of
immediate importance in future climate simulations.
Author(s): Aomawa Shields, Regina Carns

Institution(s): University of California, Irvine, University of
Washington

103.02D - The Transit Light Source Effectin F to M
Dwarf Systems(Benjamin Vern Rackham)

Transmission spectra are powerful probes of exoplanet
atmospheres, but they are also subject to spectral features
introduced by the transit light source (TLS) effect. This
phenomenon imprints on transit depths the contrast between
the emergent spectrum of the transit chord-the true light source
for the transmission measurement-and the out-of-transit disk-
averaged stellar spectrum-the necessarily assumed light source.
Here we summarize a series of studies exploring the TLS effect
in F to M dwarfs. We use a suite of model rotating photospheres
to determine spot and faculae covering fractions for typical
stellar activity levels, with which we calculate the corresponding
TLS signals in transmission spectra. We find that transit depth
changes due to the TLS effect can be comparable to or even an
order of magnitude larger than those expected for transiting
exoplanets. TLS signals are more pronounced in smaller and
cooler main sequence stars-the same stars that have been the
focus of many transit studies, given their favorable planet-to-
star radius ratios. The TLS effect can mimic or mute H20
features from planetary atmospheres in M-dwarf systems and
TiO/VO features in active late-G- and K-dwarf systems. We will
discuss the spectral characteristics and scales of TLS signals for
F to M spectral types and present transmission spectra from
two M-dwarf systems that show evidence for TLS
contamination: the GJ 1214 system (M4.5V) and the
TRAPPIST-1 system (M8V). Robust methods of disentangling
stellar and planetary features in transits will be crucial to



interpretations of high-precision transmission spectra from
JWST and future missions.

Author(s): Mark S Giampapa, Yifan Zhou, Zhanbo Zhang,
DAiniel Apai, Benjamin Vern Rackham

Institution(s): University of Arizona, Peking University,
National Solar Observatory Contributing Team(s): ACCESS

103.06D - Characterization of transiting exoplanets
and their host stars by K2(Teo Mocnik)

The WASP project has discovered many transiting gas giant
exoplanets. Some of these exoplanet systems have been
observed by the K2 space-based telescope. The much higher
photometric precision, shorter cadence and extended
continuous follow-up observations provided by the K2 mission
enabled the most detailed photometric characterization yet of
the WASP and other planetary systems presented in this talk,
which contributes to our understanding of how planets form
and evolve.In this dissertation talk I will present the highlights
from analysing the majority of transiting exoplanet systems
observed by the K2 in the 1-min short-cadence mode within the
first 14 regular observing campaigns. I detected starspot
occultation events in two aligned and one misaligned planetary
system and proved that detecting starspot occultation events is
possible in the K2 data. I also detected optical phase-curve
modulations in two systems, rotational modulations in four and
13 Doradus pulsations in one planetary system. I refined the
system parameters for all 10 short-cadence targets and used
non-detections to provide tight upper limits. In addition, during
my PhD I discovered a hot Jupiter using the long-cadence K2
data and refined the ephemeris with the WASP data of another
Ka-discovered planet.

Author(s): Teo Mocnik

Institution(s): UC Riverside

104 - Extrasolar Planets: Detection - Ground-

Based Direct Imaging
104.01 - The Gemini Planet Imager Exoplanet Survey:
Status and Results(Bruce Macintosh)

The Gemini Planet Imager (GPI) is a high-contrast instrument
designed for exoplanet imaging, combining an adaptive optics
system, coronagraphic masks, and an integral field
spectrograph. Its primary science project since first light in
2013 has been the Gemini Planet Imager Exoplanet Survey
(GPIES), a systematic survey of young nearby stars to detect
and characterize self-luminous giant exoplanets and
circumstellar debris disks. The GPIES program is nearing
completion with more than 500 stars surveyed. The survey is
primarily sensitive to planets above 2 Jupiter masses from 5 to
100 AU and has detected six giant planets and four brown
dwarfs. We will present preliminary statistical results from the
survey, highlighting the occurrence rate of giant planets in wide
orbits around solar-type and high-mass stars. We will also
present key science cases for potential upgrades to the GPI
instrument.This work benefited from NSF AST-1518332, NSF

AST-1413744, NASA NNX15AC89G & NNX15AD95G/NEXSS
Author(s): Robert De Rosa, Bruce Macintosh, Eric Nielsen
Institution(s): Stanford University Contributing Team(s):
The Gemini Planet Imager Exoplanet Survey

104.02 - SPHERE SHINE Exoplanet Imaging Survey:
Preliminary Statistical Results(Michael R. Meyer)

The SPHERE SHINE Exoplanet Imaging Survey survey is a
large near-infrared survey of 400-600 young, nearby stars and
represents a large fraction of the SPHERE consortium
Guaranteed Time Observations (~ 200 nights). One of the
central scientific goals is to determine the frequency of gas giant
planets (> 1 Mjupiter) at large orbital separations (> 10 AU) and
place constraints on the planet mass function and orbital
surface density distributions of gas giants. Here we summarize
the sample, provide an overview of our approach, and present
preliminary results to date, including recent detections such as
HIP 65426 b (Chauvin et al. 2017).

Author(s): Michael R. Meyer

Institution(s): The University of Michigan Contributing
Team(s): The SPHERE SHINE Consortium

104.03 - The SCExXAO High Contrast Imaging Platform:
Current and Upcoming Capabilities(Olivier Guyon)

The Subaru Coronagraphic Extreme Adaptive Optics (SCExAO)
system, currently in science operation on the Subaru Telescope,
combines high performance wavefront control and starlight
suppression to image exoplanets and disks. In addition to its
flagship science cameras, CHARIS (near-IR spectro-imaging)
and VAMPIRES (visible polarimetric imaging), new capabilities
are being deployed, including advanced small inner working
angle coronagraphy, high frame rate low noise imaging, near-IR
polarimetric imaging, interferometric imaging/nulling and high
resolution diffraction-limited spectroscopy. A significant part of
SCExAOQ's development and performance improvements is
realized through wavefront control algorithms (focal plane
wavefront control, sensor fusion, predictive control, multi-star
WFC) implemented through the cacao software package and
enabled by advances in detector technologies (photon counting
with MKIDs camera) and modern computer hardware. Further
improvements are also expected from the use of real-time WFS
telemetry to enhance removal of residual starlight in post-
processing.Much of SCExAQ's development activities are aimed
at direct imaging of giant planets in reflected light with current
large telescopes, and imaging/spectroscopy of habitable planets
with future giant segmented mirror telescopes.

Author(s): Frantz Martinache, Steven Bos, Frans Snik,
Christophe Clergeon, Ruslan Belikov, Jared Males, Barnaby
Norris, Jeff Chilcote, David Doelman, Yoshito Ono, Arnaud
Sevin, Garima Singh, Etsuko Mieda, Justin Knight, Hatem
Ltaief, Damien Gratadour, Tiphaine Lagad

Institution(s): NASA GSFC, oMacquarie University,
University of Hawaii, University of Notre Dame, University of



Tokyo, University of Leiden, NASA Ames, Astrobiology
Center, Hokkaido University, KAUST, oPrinceton University,
Subaru Telescope, Caltech, University

104.04 - Direct Imaging and Spectral Characterization
of Extrasolar Planets with the
SCExAO/CHARIS(Thayne Currie)

We present the first science results focused on direct
imaging/spectroscopy of young extrasolar planets from
Subaru’s extreme adaptive optics system, SCEXAO, coupled
with the CHARIS integral field spectrograph.

SCExXAO/CHARIS now delivers H band Strehl ratios up to
~0.92 and planet-to-star contrasts rivaling that of GPI and
SPHERE. SCExXAO/CHARIS yields high signal-to-noise
detections and 1.1-2.4 micron spectra of benchmark directly-
imaged companions like HR 8799 cde and kappa And b that
clarify their atmospheric properties. We show how spectra and
astrometry for kappa And b lead to a reevaluation of this
object’s nature. Finally, we briefly describe plans for a
SCExAO-focused direct imaging campaign to directly image and
characterize young exoplanets, planet-forming disks, and (later)
mature planets in reflected light

Author(s): Timothy Brandt, Sarah Blunt, Thayne Currie, N.
Jeremy Kasdin, Julien Lozi, Masayuki Kuzuhara, Nemanja
Jovanovic, Taichi Uyama, Motohide Tamura, Eric Nielsen,
Tyler Groff, Christian Maroiso, Jeffrey Chilcote, Olivier Guyon
Institution(s): NAOJ, oNRC-Herzberg, University of Tokyo,
NAOJ/Subaru, Princeton University, NASA Ames Research
Center, NASA Goddard, University of California-Santa
Barbara, Stanford, Notre Dame, Caltech, Harvard

104.05 - The MagAO Giant Accreting Protoplanet
Survey (GAPlanetS): Recent Results(Katherine
Follette)

I will summarize recent results of the MagAO Giant Accreting
Protoplant Survey (GAPlanetS), a search for accreting
protoplanets at H-alpha inside of transitional disk gaps. These
young, centrally-cleared circumstellar disks are often hosted by
stars that are still actively accreting, making it likely that any
planets that lie in their central cavities will also be actively
accreting. Through differential imaging at Hydrogen-alpha
using Magellan's visible light adaptive optics system, we have
completed the first systematic search for H-alpha emission
from accreting protoplanets in fifteen bright Southern
hemisphere transitional disks. I will present results from this
survey, including a second epoch on the LkCa 15 system.
Author(s): Jared Males, Katherine Follette, Laird Close, Katie
Morzinski

Institution(s): Amherst College, University of Arizona
Contributing Team(s): MagAO Team

104.06 - Deep exploration of Epsilon Eridani with Keck

Ms-band vortex coronagraphy and radial velocities:
mass and orbital parameters of the giant
exoplanet(Dimitri Mawet)

We present the most sensitive direct imaging and radial velocity
(RV) exploration of Epsilon Eridani to date. Epsilon Eridani is
an adolescent planetary system, reminiscent of the early Solar
system. It is surrounded by a prominent and complex debris
disk which is likely stirred by one or several gas giant
exoplanets. The discovery of the RV signature of a giant
exoplanet was announced 15 years ago, but has met with
scrutiny due to possible confusion with stellar noise. We
confirm the planet with a new compilation and analysis of
precise RV data spanning 30 years, and combine it with upper
limits from our direct imaging search, the most sensitive ever
performed. The deep images were taken in the Ms band (4.7
micron) with the vortex coronagraph recently installed in W.M.
Keck Observatory's infrared camera NIRC2, which opens a
sensitive window for planet searches around nearby adolescent
systems. The RV data and direct imaging upper limit maps were
combined in an innovative joint Bayesian analysis, providing
new constraints on the mass and orbital parameters of the
elusive planet. Epsilon Eridani b has a mass of ~0.78 MJup and
is orbiting Epsilon Eridani at about 3.48 AU with a period of
~7.37 years. The eccentricity of the planet's orbit is ~0.07, an
order of magnitude smaller than early estimates and consistent
with a circular orbit. We discuss our findings from the
standpoint of planet-disk interactions and prospects for future
detection and characterization with the James Webb Space
Telescope.

Author(s): Jean-Baptiste Ruffio, Michael Bottom, Benjamin J
Fulton, Lea Hirsch, Eve Lee, Dimitri Mawet,

Institution(s): Caltech, IPAC, Jet Propulsion Laboratory,
Stanford University Contributing Team(s): Olivier Absil,
Charles Beichman, Brendan Bowler, Marta Bryan, Elodie
Choquet, David Ciardi, Valentin Christiaens, Denis DefreA re,
Carlos Alberto Gomez Gonzalez, Andrew WHow

104.07 - The Future of Exoplanet Imaging: the Fast
Atmospheric Self-Coherent Camera
Technique(Benjamin Gerard)

Direct detection and detailed characterization of exoplanets
using extreme adaptive optics (ExAO) is a key science goal of
future extremely large telescopes. However, quasi-static
wavefront errors will limit the sensitivity of this endeavor.
Additional limitations for ground-based telescopes arise from
residual AO-corrected atmospheric wavefront errors,
generating short-lived aberrations that will average into a halo
over a long exposure, also limiting the sensitivity of exoplanet
detection. We have developed the framework for a solution to
both of these problems using the self-coherent camera (SCC), to
be applied to ground-based telescopes, called the Fast
Atmospheric SCC Technique (FAST). We will present updates
of the ongoing coronagraph fabrication and testing for this
method as well as future implementation, including a possible
upgrade of the Gemini Planet Imager. Sensitivity improvement



from this method could play an essential role in the future
ground-based detection and characterization of lower mass
and/or colder exoplanets.

Author(s): Raphael Galicher, Jean-Pierre Veran, Christian
Marois, Benjamin Gerard,

Institution(s): University of Victoria, Lesia, Observatoire de
Paris, PSL Research University, CNRS, Sorbonne Universites,
UnivParis Diderot, National Research Council, Herzberg
Astronomy and Astrophysics

105 - Extrasolar Planets: Characterization &
Theory Track 1: I. Measurements and
Models of Giant Atmospheres A

105.01 - Wave-mediated chemical transport in the
atmospheres of giant planets(Jhett Bordwell)

The atmospheres of giant planets are composed of a lower
convective region with an overlying radiative region, where
waves are driven by convective motions. The release of energy
and mixing due to the breaking of these gravity waves in
planetary atmospheres may make significant contributions to
the atmospheric dynamics and chemistry of giant planet
atmospheres. We perform a study of the effects of radiative,
viscous, and dissipative damping upon these waves, and find
wave breaking heights using steepening and static stability
criteria for hot Jupiters, directly imaged giant planets, and cold
gas giants. Using linear stability and weakly nonlinear analysis,
we analytically and numerically solve for the amplitudes of the
fastest growing unstable modes, and explore their effects upon
the energetics and mixing properties of the atmosphere. Finally,
we make a set of recommendations on how to properly include
wave dynamics in chemical transport models of gas giant
atmospheres.

Author(s): Jhett Bordwell, Benjamin Brown, Jeffrey S Oishi
Institution(s): University of Colorado Boulder, Bates College,
Laboratory for Atmospheric and Space Physics

105.03 - Ground-based transmission spectroscopy of
GJ 1132b and LHS 1140Db, rocky planets transiting
small nearby M-dwarfs(Hannah Diamond-Lowe)

GJ 1132b and LHS 1140b, two terrestrial worlds transiting
nearby mid-M dwarf stars, offer an opportunity for comparative
exoplanetology. GJ 1132b is highly irradiated, orbits its host
star on a 1.6-day period, and receives 19 times Earth's
insolation. On the other hand, LHS 1140Db is in the habitable-
zone of its host star, orbits on a 25-day period, and receives only
0.5 times Earth’s insolation. The relatively high planet-to-star
radius ratios for these two terrestrial exoplanets make them
amenable to atmospheric characterization via the transmission
spectroscopy method. With ground-based telescopes we can
test the cases of clear, low mean molecular weight atmospheres
on these worlds. We observed five transits of GJ 1132b with
Magellan and the LDSS3C multi-object spectrograph, and one
transit of LHS 1140Db (the only one observable from Las
Campanas Observatory in 2017) simultaneously with both the

LDSS3C and IMACS multi-object spectrographs on the
Magellan telescopes. We completed the analysis of the GJ 1132b
transits and disfavor a clear, 10 times solar metallicity
atmosphere at 3.7 sigma confidence, and place limits on other
hydrogen-dominated atmospheres. We will observe a second
transit of LHS 1140b with both Magellan telescopes in
November 2018, and I will present the results of the both
transits. These ground-based measurements serve to probe an
important class of atmospheres -- the clear, low mean
molecular weight ones -- and prepare us for higher precision
studies with JWST.This material is based upon work supported
by the National Science Foundation Graduate Research
Fellowship Program. This project was made possible through
the support of a grant from the John Templeton Foundation.
The opinions expressed in this publication are those of the
author and do not necessarily reflect the views of the John
Templeton Foundation.

Author(s): Eliza Kempton, Hannah Diamond-Lowe, Zachory
Berta-Thompson, Jason Dittmann, Jonathan Irwin, David
Charbonneau

Institution(s): Harvard University, Harvard-Smithsonian
Center for Astrophyics, University of Colorado Boulder,
University of Maryland, MIT Contributing Team(s): Hannah
Diamond-Lowe

105.04 - The near-infrared linear polarization of
directly imaged exoplanets and brown dwarf
companions to main sequence stars(Rebecca Jensen-
Clem)

The observed spectra of brown dwarfs and gas giant exoplanets
are profoundly affected by the formation of clouds in their
atmospheres, but the clouds’ grain size distributions, depth
variations, and horizontal structures remain largely unknown.
Polarimetry is an emerging method for constraining both
exoplanet and brown dwarf cloud models - scattering by
aerosols in these objects’ atmospheres induces polarization of
their thermally emitted, near-infrared radiation. We present the
results of a near-IR survey searching for linearly polarized
thermal emission from a sample of two planetary mass
companions and three brown dwarf companions to main
sequence stars using the Gemini Planet Imager (GPI) and
Spectro-Polarimetric High-contrast Exoplanet REsearch
(SPHERE). We find no polarized emission from the sample,
and our deep observations allow us to probe the 0.1-1% linear
polarization regime that typifies polarized free-floating brown
dwarfs. We discuss the results of our survey in the context of
the occurrence rates of polarized free-floating brown dwarfs as
well as exoplanet cloud models and rotation rates.
Author(s): Max Millar-Blanchaer, Marshall Perrin, James
Graham, Rebecca Jensen-Clem, Rob van Holstein, Sloane
Wiktorowicz, Dimitri Mawet

Institution(s): UC Berkeley, California Institute of
Technology, Jet Propulsion Laboratory, STScI, Leiden
University, Aerospace Corporation



105.06 - Looking for CH4 and NH3 in exoatmospheres:
a grid of model spectra of exoplanet and brown dwarf
atmospheres in chemical disequilibrium.(Theodora
Karalidi)

Observed spectra of imaged exoplanets and brown dwarfs
suggest that their atmospheres are in chemical disequilibrium.
Spectra of some cooler (Y and T) brown dwarfs lack strong NH3
lines predicted by equilibrium chemistry, while observations of
some T dwarfs and imaged exoplanets show stronger CO lines
than expected from equilibrium chemistry. These observations
suggest that vertical mixing in these atmospheres leads to an
overabundance of CO in comparison to CH4, and under-
abundance of NH3. Zahnle & Marley (2014) suggested that
quenching in exoatmospheres is more gravity-dependent than
previously assumed. In this talk we will present a new
adaptation of the Marley-Fortney state-of-the-art radiative
transfer code which now includes the treatment of
disequilibrium chemistry in exoatmospheres. We will present a
grid of model atmospheres with disequilibrium chemistry as a
function of effective temperature, surface gravity and eddy
diffusivity and discuss how atmospheric quenching depends on
these parameters. We will finally discuss the detectability of
CH4 and NH3 for imaged exoplanets and brown dwarfs as a
function of atmospheric effective temperature and gravity.
Author(s): Theodora Karalidi, Mark Marley, Jonathan
Fortney

Institution(s): University of California Santa Cruz,
University of Central Florida, NASA Ames

105.07 - A More Informative Map: Inverting Thermal
Orbital Phase and Eclipse Lightcurves of
Exoplanets(Emily Rauscher)

Only one exoplanet has so far been mapped in both longitude
and latitude, but the James Webb Space Telescope should
provide mapping-quality data for dozens of exoplanets. The
thermal phase mapping problem has previously been solved
analytically, with orthogonal maps---spherical harmonics---
yielding orthogonal lightcurves---sinusoids. The eclipse
mapping problem, let alone combined phase+eclipse mapping,
does not lend itself to such a neat solution. Previous efforts have
either adopted spherical harmonics, or various ad hoc map
parameterizations, none of which produce orthogonal
lightcurves. We use principal component analysis to construct
orthogonal ° “eigencurves," which we then use to fit published 8
micron observations of the hot Jupiter HD 189733b. This
approach has a few advantages over previously used
techniques: 1) the lightcurves can be pre-computed,
accelerating the fitting process, 2) the eigencurves are
orthogonal to each other, reducing parameter correlations, and
3) the eigencurves are model-independent and are ranked in
order of sensitivity. One notable result of our analysis is that
eclipse-only mapping of HD 189733b is far more sensitive to the
central concentration of dayside flux than to the eastward offset
of that hotspot. Mapping can, in principle, suffer from

degeneracies between spatial patterns and orbital parameters.
Previous mapping efforts using these data have either assumed
a circular orbit and precise inclination, or have been pessimistic
about the prospects of eclipse mapping in the face of uncertain
orbital parameters. We show that for HD 189733b the
combined photometry and radial velocity are sufficiently
precise to retire this concern. Lastly, we present the first map of
brightness temperature, and we quantify the amplitude and
longitude offset of the dayside hotspot.

Author(s): Veenu Suri, Nicolas Cowan, Emily Rauscher
Institution(s): University of Michigan, McGill University

105.02D - Helium, water, and carbon on low-density
exoplanets(Jessica Spake)

Low-density, transiting exoplanets present outstanding
opportunities to study planetary atmospheres due to their
relatively large atmospheric scale heights, and large expected
absorption features in transmission. In this dissertation talk I
will present observations of two of the most rarefied planets
known to science - WASP-107b and WASP-127b. On WASP-
107b we detected helium on an exoplanet for the first time, and
showed a new way to study extended, escaping exoplanet
atmospheres. Helium is the second most abundant element in
the universe after hydrogen and is a major constituent of gas-
giant planets in our Solar System. Early theoretical models
predicted helium to be among the most readily-detectable
species in the atmospheres of exoplanets, especially in extended
and escaping atmospheres. However, searches for helium have
until recently been unsuccessful. We detected helium WASP-
107b at a confidence level of 4.5-sigma by measuring its near-
infrared transmission spectrum with the Hubble Space
Telescope. We identified the narrow absorption feature of
excited, metastable helium at 10,830 angstroms. The large
amplitude of the helium absorption feature suggests that
WASP-107b has an extended atmosphere that is eroding at a
total rate of 1010- 3x1011g s-1(0.1-4% of its total mass per Gyr).
The detection demonstrates a new way to study the diffuse
upper layers of exoplanet atmospheres and their mass-loss
histories, and it comes at a fortuitous time. Several ground-
based, high-resolution, infrared spectrographs have recently
become (or will soon become) available, and they are capable of
measuring 10,830 angstrom absorption on exoplanets at high
enough resolution to probe the shape of escaping planetary
winds. Our Hubble Space Telescope and Spitzer Space
Telescope transmission spectrum for WASP-127b shows
sodium, potassium, water, and carbon-bearing molecules in its
atmosphere. WASP-127b is therefore a treasure trove of
measurable atmospheric abundances.

Author(s): Jessica Spake,

Institution(s): Johns Hopkins University, University of
Exeter



105.05D - Understanding the Smallest Gas Exoplanets
- Theoretical and Observational Studies of
Atmospheric Properties(Erin May)

In our solar system, there exists a significant size gap between
the largest terrestrial planet, Earth, and the smallest Jovian
planet, Neptune (3.88 R_Earth). Until recent years, we naively
understood this as a consequence of planet formation in our
solar system. However, the launch of the Kepler Space
Telescope brought with it the discovery of a significant number
of these intermediate-sized planets. Nicknamed Super-Earths
and Mini-Neptunes, we now know them to be among the most
common type of planet in our galactic neighborhood.
Unfortunately, due to degeneracies imposed by composition,
mass-radius relations are of limited use when classifying
planets in this transitional regime without some prior
knowledge of their composition. In this thesis, I take both a
theoretical and observational approach to begin to break the
existing mass-radius degeneracies. In the modeling portion, I
have introduced a surface into a general circulation model to
study the interactions between the surface and atmosphere on a
global scale. These interactions point towards observable
differences between gaseous and terrestrial planets which, if
detectable, would prove helpful in the classification of Mini-
Neptunes and Super-Earths. Observationally, we hope to one
day be able to detect these signatures, however there is not
currently the perfect target in this size range. Therefore, this
thesis takes the approach of seeking to add to the work being
done to measure atmospheric compositions of exoplanets with
transmission spectroscopy. By working in optical wavelengths, I
search for signs of Rayleigh scattering in the atmospheres of
Neptune-sized and Neptune-mass planets which, particularly
when combined with longer wavelength data, will place
constraints on atmospheric composition. Together, these will
push the field towards a better understanding of the dividing
line between gaseous and terrestrial exoplanets.

Author(s): John Monnier, Tyler Gardner, Emily Rauscher,
Ming Zhao, Erin May

Institution(s): University of Michigan, Pennsylvania State
University

106 - Galaxy Formation and Evolution I
106.01 - MOSEL : Strong [OIII]5007 Emission
Identifies Emergent Galaxies at z~3.5(Kim-Vy Tran)

To understand how strong emission line galaxies (ELGs)
contribute to the overall growth of galaxies and star formation
history of the universe, we target strong ELGs from the
ZFOURGE imaging survey that have blended Hbeta+[OIII]
rest-frame equivalent widths of >230 A... and photometric
redshifts of 2.5<(zphot)<4.0. Using K-band spectroscopy with
Keck/MOSFIRE, we confirm 31 ELGs at 3<(zspec)<3.8 as part
of our Multi-Object Spectroscopic Emission Line (MOSEL)
survey. The strong ELGs have spectroscopic rest-frame
[OIII]5007 equivalent widths of 100-500 A... and tend to be
lower mass compared to more typical star-forming galaxies.
The strong ELGs lie ~0.9 dex above the star-forming main-
sequence at z~3.5 and have high inferred gas fractions of

fgasd%o¥60%, i.e. the inferred gas masses can easily fuel a
starburst to double stellar masses within ~10-100 Myr. Our
analysis indicates that 1) strong [OI1I]5007 signals the first
major episode of stellar growth in emergent galaxies and 2)
most galaxies at z>3 go through this starburst phase. If true,
emergent galaxies with strong [OIII]5007 emission may be an
increasingly important source of ionizing UV radiation at z>3.
Author(s): Tiantian Yuan, Ben Forrest, Leo Alcorn, Kim-Vy
Tran,

Institution(s): Texas A&M , Swinburne University,
University of New South Wales

106.03 - Crossing the line: How often are AGN found in
the star-forming region of the BPT
diagram?(Christopher James Agostino)

In this work, we investigate how often do AGN end up being
classified as star-forming galaxies by the Baldwin-Phillips-
Terlevich (BPT) diagram. We identify 323 true AGN by
comparing X-ray luminosities from deep observations from
3XMM to star formation rates from GALEX-SDSS-WISE-
Legacy Catalog. Nearly 11% of these X-ray AGN are optically
classified as BPT star-forming galaxies. We find that star-
formation dilution is the most probable cause of
misclassification for ~80% of these X-ray AGN. The remaining
~20% have low star formation rates and the optical signatures
consistent with inherently weak accretion. We find that the
fraction of X-ray AGN in the base of the star-forming branch of
the BPT diagram is 4.6%. At the tip of the star-forming branch,
the fraction of X-ray AGN is lower than 0.2%. These results
suggest that selection of galaxies via the BPT diagram can
provide a reasonably clean (>95%) sample of star-forming
galaxies.

Author(s): Samir Salim, Christopher James Agostino
Institution(s): Indiana University

106.05 - Studies of a Spectroscopically Confirmed
Galaxy at z = 9.1: Signatures of Star Formation 250
Million Years After the Big Bang(Takuya Hashimoto)

We show results from our recent paper, Hashimoto et al.
(2018), Nature. MACS1149-JD1 is a gravitationally lensed
galaxy originally discovered by the Hubble Space Telescope
(HST) in Zheng et al. (2012). Using the Atacama Large
Millimeter/submillimeter Array (ALMA), we detect an emission
line of doubly ionized oxygen, [OIII] 88 Aum, at a redshift of
9.1096A+0.0006, at a high significance level of 7.41f. This is
the current redshift record for emission line galaxies (cf., Oesch
et al. 2015). The [OIII] line has a luminosity of (7.4A+1.6) A—
(10/1%4) A— 107 LAS™, where we adopt a fiducial value of Ay =
10 for the magnification factor. The [OIII] line width is
154A+39 km-1, which is typical for low mass galaxies. On the
other hand, we do not detect dust continuum emission with a
stringent upper limit of 53 x (10/ 11a) Jy (31p). Assuming a dust
temperature of 40 K and emissivity index of 1.5, we obtain the



3lf upper limit on the total infrared luminosity < 7.7 (10/1v4)
A— 109 LAS™. This precisely determined redshift indicates
that the red rest-frame optical colour observed with the Spitzer
Space Telescope arises from a dominant stellar component that
formed about 250 million years after the Big Bang,
corresponding to a redshift of about 15. We discuss implications
for the earliest star formation.

Author(s): Takuya Hashimoto,

Institution(s): Osaka Sangyo University , NAOJ

106.02D - Evolution of Dark Matter Bars in Spinning
Halos(Angela C Collier)

We analyze models of stellar disks inside spinning dark matter
(DM) halos. Our previous work has shown the very strong effect
that halo cosmological spin I» has on disk evolution. In halos of
i» > 0.045. the stellar bar does not recover after the vertical
buckling instability during subsequent secular evolution. Here
we study response of that DM to the stellar bar and use high-
resolution N-body simulations for a sequence of halos with i»=
0 (non rotating) to i» = 0.09. We find that DM bars induced
within parent halos by the stellar bars exhibit a more complex
evolution than was anticipated by previous works. We analyze
the evolution of these DM bars, including their amplitude and
size, as well as their orbit trapping efficiency by peforming
spectral orbital analysis. Finally, we study the intricacies of
angular momentum transfer within such disk-halo galactic
systems, as well as observational corollaries of this effect.
Author(s): Angela C Collier

Institution(s): University of Kentucky

106.04D - The Role of Black Hole Feedback in
Suppressing Star Formation in Central Galaxies(Bryan
Alejandro Terrazas)

Cavities and bubbles in the extended X-ray emission from
massive galaxies demonstrate that feedback from supermassive
black holes can have a profound effect on the gaseous
atmospheres that surround these systems. The consequences of
these effects are thought to suppress the ability of gas to cool
and condense to form fuel for star formation. However, the link
between the galaxy-scale suppression of star formation, or
quiescence, and relatively small-scale black hole physics is not
well understood. In order to explore this link, my dissertation
work has focused on understanding the relationship between
black hole mass, stellar mass, and star formation rate. I found
that the latest version of the Munich semi-analytic model
featured a black hole mass threshold above which galaxies were
quiescent due to the heating rate from black hole feedback
overcoming the cooling rate of the gaseous atmosphere
(Terrazas et al. 2016a). I searched for and found similar
behavior in the real universe using a diverse sample of 91 local
galaxies with dynamically-measured black hole masses
(Terrazas et al. 2016b, 2017). In particular, I found that galaxies
with more massive black holes at a given stellar mass exhibited

progressively less star formation. These results present a
powerful diagnostic tool with which to test black hole feedback
and its effects on star formation activity in galaxy formation
models. Specifically, I used the IllustrisTNG simulation suite
and dozens of model variations that alter the parameters
relevant to its black hole feedback prescription. These
variations can greatly effect the way black holes interact with
the gas within and around galaxies, and in turn change the
relationship between black hole mass, stellar mass, and star
formation rate. These results present a novel approach in using
black hole-galaxy scaling relations to illuminate the physics
behind quiescence caused by black hole feedback.

Author(s): Bryan Alejandro Terrazas

Institution(s): University of Michigan

106.06D - Revisiting the Dynamical History of the
Local Group in the Era of High Precision
Astrometry(Ekta Patel)

High precision astrometric data from space observatories like
the Hubble Space Telescope (HST) and Gaia are revolutionizing
our ability to study the Local Group in unprecedented detail. In
my thesis, I have leveraged 6D phase space information derived
from precision astrometry and high-resolution state of the art
simulations (e.g. the Illustris simulations) to revisit models of
the Local Group's dynamical history. HST proper motion
measurements for Andromeda (M31) are a recent breakthrough
that have allowed me to present a revised orbital history for
M31's most massive satellite galaxy, M33 (Patel et al. 2017a),
which shifts the paradigm away from morphologically
motivated orbital models (Patel et al. 2018b). I will show that
constraining the orbit of massive satellite galaxies like M33 is
crucial for reconstructing the assembly history of the M31
satellite system, refining the mass of M31, testing LCDM at
small scales (Patel et al. 2018a), and for understanding how
massive satellites dynamically influence M 31, its low mass
satellites, and its halo. Additionally, I will show how this new
orbital history can be independently confirmed with Gaia DR2.
Using proper motions and cosmological simulations together, I
have also developed new techniques for determining the precise
masses of the MW and M31 (Patel et al. 2017b, 2018a), which
will be especially useful as future Gaia data releases reduce
uncertainties on proper motion measurements for the MW
ultra-faint dwarf satellite galaxies. Finally, I will describe how
we can prepare for the the next generation of Local Group
studies using upcoming simulations and observations.
Author(s): Ekta Patel

Institution(s): University of Arizona

107 - Gravitational Lenses, Waves,
Relativisitic Astrophysics & GRBs I

107.01 - Optimizing Pulsar Timing Array Observational
Cadences for Sensitivity to Low-Frequency
Gravitational Wave Sources(Michael T Lam)



Observations of low-frequency gravitational waves will require
the highest possible timing precision from an array of the most
spin-stable pulsars. We can improve the sensitivity of a pulsar
timing array (PTA) to different gravitational-wave sources by
observing pulsars with low timing noise over years to decades
and distributed across the sky. We discuss observing strategies
for a PTA focused on a stochastic gravitational-wave
background such as from unresolved supermassive black hole
binaries as well as focused on single continuous-wave sources.
First we describe the method to calculate a PTA's sensitivity to
different gravitational-wave-source classes. We then apply our
method to the 45 pulsars presented in the North American
Nanohertz Observatory for Gravitational Waves (NANOGrav)
11-year data set. For expected amplitudes of the stochastic
background, we find that all pulsars contribute significantly
over the timescale of decades; the exception is for very
pessimistic values of the stochastic background amplitude. For
individual single sources, we find that a number of pulsars
contribute to the sensitivity of a given source but that which
pulsars contribute are different depending on the source, or
versus an all-sky metric. Our results seem robust to the
presence of red noise in pulsar arrival times. It is critical to
obtain more robust pulsar-noise parameters as they heavily
affect our results. Our results show that it is also imperative to
locate and time as many high-precision pulsars as possible, as
quickly as possible, to maximize the sensitivity of next-
generation PTA detectors.

Author(s): Michael T Lam

Institution(s): West Virginia University Contributing
Team(s): NANOGrav Physics Frontiers Center

107.03 - Multi-Component Time-Resolved Analysis of
Short and Long GRB Prompt Emission from Optical to
Gamma-Ray(Sylvain Guiriec)

The Band function traditionally used for Gamma Ray Bursts
(GRB) often fails to fit their prompt emission spectra. Our new
model composed of three separate components provides an
excellent description of the time-resolved prompt emission of
both short and long GRBs: a thermal-like and two non-thermal
components. For the first time, analysis of GRBs with
correlated optical and gamma-ray prompt emission show that
our new model describes very accurately the whole broadband
spectrum from the optical regime to higher energy gamma rays.
In addition, this new model enables a new luminosity/hardness
relation intrinsic to one of the non-thermal components
showing that GRBs may be standard candles. If statistically
confirmed, this relation will be used to (i) constrain the
mechanisms powering GRB jets, (ii) estimate GRB distances,
(iii) probe the early Universe, and (iv) constrain the
cosmological parameters. I will present this new unified model
using analysis of GRBs detected with various observatories and
instruments such as Fermi, CGRO/BATSE and the combination
of the three instruments onboard Swift and Suzaku/WAM. I
will discuss here the striking similarities of GRB spectral
shapes, whose components inform on the nature of the prompt
emission, as well as the possible universality of the proposed

luminosity/hardness relation in the context of our new model.
Author(s): Sylvain Guiriec

Institution(s): George Washington University / NASA
Goddard Space Flight Center Contributing Team(s): Sylvain
Guiriec

107.05 - A fast radio burst with a low dispersion
measure(Emily Petroff)

Fast radio bursts (FRBs) are millisecond pulses of radio
emission of seemingly extragalactic origin. More than 35 FRBs
have now been detected, with only one seen to repeat. Here we
present a new FRB discovery, FRB 110214, which was detected
in the high latitude portion of the High Time Resolution
Universe South survey at the Parkes telescope. FRB 110214 has
one of the lowest dispersion measures of any known FRB (DM
=168.9$\pm$o0.5 pc cm$"{-3}$), and was detected in two
beams of the Parkes multi-beam receiver. A triangulation of the
burst origin on the sky identified three possible regions in the
beam pattern where it may have originated, all in sidelobes of
the primary detection beam. Depending on the true location of
the burst the intrinsic fluence is estimated to fall in the range of
50 $-$ 2000 Jy ms, making FRB 110214 one of the highest-
fluence FRBs detected to date. No repeating pulses were seen in
almost 100 hours of follow-up observations with the Parkes
telescope down to a limiting fluence of 0.3 Jy ms for a 2-ms
pulse. Similar low-DM, ultra-bright FRBs may be detected in
telescope sidelobes in the future, making careful modeling of
multi-beam instrument beam patterns of utmost importance
for upcoming FRB surveys.

Author(s): Emily Petroff

Institution(s): University of Amsterdam

107.06 - Numerical General Relativistic MHD With
Magnetically Polarized Matter(Oscar Mauricio
Pimentel Diaz)

The magnetically polarized matter in astrophysical systems may
be relevant in some magnetically dominated regions. For
instance, the funnel that is generated in some highly
magnetized disks configurations whereby relativistic jets are
thought to spread, or in pulsars where the fluids are subject to
very intense magnetic fields. With the aim of dealing with
magnetic media in the astrophysical context, we present for the
first time the conservative form of the ideal general relativistic
magnetohydrodynamics (GRMHD) equations with a non-zero
magnetic polarization vector, mi+. Then, we follow the Anile
method to compute the eigenvalue structure in the case where
the magnetic polarization is parallel to the magnetic field, and it
is parametrized by the magnetic susceptibility I*¥m. This
approximation allows us to describe diamagnetic fluids, for
which T#m < 0, and paramagnetic fluids where I*¥m > 0. The
theoretical results were implemented in the CAFE code to study
the role of the magnetic polarization in some 1D Riemann
problems. We found that independently of the initial condition,



the first waves that appear in the numerical solutions are faster
in diamagnetic materials than in paramagnetic ones. Moreover,
the constant states between the waves change notably for
different magnetic susceptibilities. All these efects are more
appreciable if the magnetic pressure is much bigger than the
fluid pressure. Additionally, with the aim of analysing a
magnetic media in a strong gravitational field, we carry out for
the first time the magnetized Michel accretion of a magnetically
polarized fluid. With this test, we found that the numerical
solution is effectively maintained over time (t > 4000), and that
the global convergence of the code is 4%0¥ 2 for I+m 4%ox
0.005, for all the magnetic field strength, 12, we considered.
Finally, when I*m = 0.008 and 12 4%oY 10, the global
convergence of the code is reduced to a value between first and
second order.

Author(s): Oscar Mauricio Pimentel Diaz, Fabio Duvan Lora
Clavijo, Guillermo Alfonso Gonzalez Villegas

Institution(s): Universidad Industrial de Santander, college
of charleston

107.07 - Eccentric Black Hole Mergers in Dense Star
Clusters: The Role of Binary-Binary
Encounters(Michael Zevin)

We present the first systematic study of both binary-single and
binary-binary black hole interactions with the inclusion of
general relativity. By including general relativistic effects in the
equations of motion during strong encounters, the dissipation
of orbital energy from the emission of gravitational radiation
can lead to inspirals and mergers with appreciable eccentricities
when entering the sensitive frequency ranges of the LIGO and
Virgo gravitational-wave detectors. It has been shown that
binary-single interactions significantly contribute to the rate of
eccentric mergers, but no studies have looked exclusively into
the contribution from binary-binary interactions. To this end,
we perform binary-binary and binary-single scattering
experiments with general relativistic dynamics up through the
2.5 post-Newtonian order included, both in a controlled setting
to gauge the importance of non-dissipative post-Newtonian
terms and derive scaling relations for the cross-section of
inspirals, as well as experiments tuned to the strong
interactions from state-of-the art globular cluster models to
assess the relative importance of the binary-binary channel at
producing inspirals and resultant eccentricity distributions.
Although binary-binary interactions are 10-100 times less
frequent in globular clusters than binary-single interactions,
their longer lifetime and more complex dynamics leads to a
higher probability for inspirals to occur during the encounter.
We find that binary-binary interactions contribute 25-45% of
the eccentric mergers which occur during strong black hole
encounters in globular clusters, regardless of the properties of
the cluster environment. The inclusion of higher multiplicity
encounters in globular clusters therefore have major
implications on the predicted rates of highly eccentric binaries
potentially detectable by the LIGO/Virgo network. As
gravitational waveforms of eccentric inspirals are distinct from
those generated by merging binaries which have circularized,

measurements of eccentricity in such systems would highly
constrain their formation scenario.

Author(s): Carl Rodriguez, Enrico Ramirez-Ruiz, Michael
Zevin, Carl-Johan Haster, Johan Samsing

Institution(s): Northwestern University, Princeton, CIERA,
University of California Santa Cruz, MIT

107.02D - Massive Black-Hole Binary Mergers:
Dynamics, Environments & Expected Detections(Luke
Zoltan Kelley)

This thesis studies the populations and dynamics of massive
black-hole (MBH) binaries and their mergers, and explores the
implications for electromagnetic and gravitational-wave (GW)
signals that will be detected in the near future. We base our
study on the populations of MBH and galaxies from the
‘Mlustris' cosmological hydrodynamic simulations. Because the
bulk of the binary merger dynamics are unresolved in
cosmological simulations, we have developed a suite of
comprehensive physical models for the merger process in post-
processing. Systems typically have lifetimes of gigayears, and
only a fraction of systems merge by redshift zero.From our data
and models, we calculate the expected GW signals: both the
stochastic, GW background of unresolved sources, and GWs
from individually resolvable binaries which resound above the
noise. Pulsar timing arrays are sensitive to both types of signals,
and are steadily increasing in sensitivity. We find that, while the
current lack of detections is unsurprising, both the background
and single sources will plausibly be detected in the next decade.
Unlike previous studies which have predicted the GW
background to be detected much more easily than single
sources, our expected times to detection are comparable. I will
highlight how different characteristics of GW detections and
upper-limits will inform our understanding of MBH, their host
galaxies, and their binary dynamics.With traditional
electromagnetic observations, there has been a dearth of
confirmed MBH binary systems. We use our binary
populations, combined with models of emission from accreting
MBH systems, to make predictions for the occurrence rate of
systems observable as periodically-variabile AGN. These
variables should be currently detectable, and despite a large
number of false positives, we expect many candidates recently
identified to be true MBH binaries. The candidates are expected
to be embedded in a large fraction of false positives which we
outlines methods of filtering out.We are currently developing
new methods and new populations to model MBH binaries at
lower masses and higher redshifts, which will be detectable by
LISA.

Author(s): Zoltan Haiman, Laura Blecha, Luke Zoltan Kelley,
Alberto Sesana, Lars Hernquist

Institution(s): Northwestern University, University of
Florida, Harvard University, University of Birmingham,
Columbia University



107.04D - Multi-Telescope Radio Observations for
Low-Frequency Gravitational Wave
Astrophysics(Megan Jones)

The North American Nanohertz Observatory for Gravitational
Waves (NANOGrav) has the principal goal of detecting
gravitational waves (GWs) using pulsar timing. This thesis
presents results from radio campaigns at frequencies from 322
MHz to 10 GHz aimed at both multi-messenger constraints on
GW sources and improving timing sensitivity. The primary
expected source of GWs at the nanohertz frequencies to which
pulsar timing is sensitive are supermassive black hole (SMBH)
binaries. We investigate a purported SMBH displaced from the
galactic photocenter in NGC 3115. We explore the possibilities
that the source is a SMBH binary or a post-merger recoiling
SMBH. We place constraints on a possible SMBH companion
using observations taken with the NRAO Very Large Array. If a
companion can be confirmed, this system could be a future GW
source detectable with pulsar timing.To detect such sources,
our pulsar timing array must be as sensitive as possible,
requiring the mitigation of all other astrophysical timing delays,
including those from the interstellar medium (ISM). Using
wideband multi-frequency observations obtained with the
Green Bank Telescope and Arecibo Observatory, we
characterize frequency-dependent dispersion, quantified by the
dispersion measure (DM). We analyze trends in the DM time
series, propose sources of these trends, and identify timescales
over which the DM varies beyond measurement errors and
therefore can no longer be modeled as constant in timing.
Analyzing DM variations aids in characterizing properties of the
ISM and informs our timing observation strategy.Multi-
telescope observations around the globe and at complementary
frequencies can be used to more sensitively constrain DMs. We
compare DMs measured with simultaneous dual-frequency
observations obtained with the Giant Metrewave Radio
Telescope (GMRT) to those calculated in the NANOGrav 11-year
data release to assess the possible precision of frequency-
dependent noise measurements with the GMRT. We discuss the
possibility of incorporating the GMRT into international pulsar
timing efforts and the anticipated challenges in future data
combination.

Author(s): Megan Jones

Institution(s): West Virginia University

108 - Star Formation I
108.01 - Calibrating star fromation with MaNGA(Jose
R Sanchez-Gallego)

While star formation is arguably the main driver of secular
galaxy evolution, accurate measurements of star formation
rates are only possible for very nearby, well resolved and
sampled star populations. For external galaxies star formation
measurements rely on indirect tracers such as H-alpha,
infrared, or ultraviolet emission that are heavily affected by
dust attenuation and require accurate cross-calibration.
MaNGA (Mapping Nearby Galaxies at Apache Point
Observatory) is one of the projects being carried out in the
fourth iteration of the Sloan Digital Sky Survey. By 2020 it will

have obtained spatially resolved spectroscopy data for over
10,000 galaxies, making it the largest sample of its kind to date.
We combine MaNGA data with archival infrared and ultraviolet
data and a simple energy balance method to derive a new
calibration of star formation. Furthermore, we leverage on the
statistical wealth of the MaNGA sample to explore how the
calibrations are affected by morphology, gas content, etc.
Author(s): Jose R Sanchez-Gallego

Institution(s): University of Washington Contributing
Team(s): MaNGA

108.03 - Probing gas inflow with GBT/ALMA mapping
towards starless clump candidates(Brian Svoboda)

Understanding the mass accretion history of high-mass stars
and star clusters is a key unresolved topic in the field of star
formation. Blue-skewed line profiles of optically thick
molecular transitions coincident with centrally peaked optically
thin transitions provide a powerful observational diagnostic to
measure gas inflow velocities, and thus, mass accretion. To this
end we present maps of HCO+, H13CO+, HCN, and NH2D
from the GBT and ALMA towards six starless molecular cloud
clumps (M ~ 200-1500 solar masses). The subset of GBT Argus
observations achieve the highest angular resolution at 3 mm of
any telescope without spatial filtering (0.18 pc at 4.4 kpc). The
targets were identified from a blind survey of 101 starless clump
candidates at 67" resolution with the ARO 12 m. The ARO
survey searched for blue-asymmetric line profiles to identify
global gravitational collapse or gas inflow candidates. At high-
resolution, the targets show substantial blending of narrow,
transonic velocity components (dispersion 0.4 km s-1) with
varying HCO+ optical depths that mimic a global collapse
signature. ALMA Band-6 0.8" imaging of para-H2CO 3(0,3)-
2(0,2) (neff = 2.0A—105 cm-3 at 15 K) shows multiple dense
cores at or near similar velocities as the HCO+ peaks. Outflows
traced by CO (2-1) also complicate the interpretation of the
spectra. Galactic single-dish surveys investigating clump inflow
velocities and mass accretion rates at >30" resolution are likely
to be similarly affected by complex density structure, varied
excitation conditions, and outflows from low-luminosity
protostars undetected in MIR/FIR Galactic Plane surveys.
However, preliminary results show systematic blueward
velocity offsets between the peak HCO+ and H13CO+ velocities
in spatially resolved sub-structures. These may be caused by
localized collapse and inflow at speeds slower than the ~1-2
km/s supersonic speeds typically inferred from the globally
averaged line-profiles.

Author(s): Jenny Calahan, Yancy Shirley, Cara Battersby,
Brian Svoboda

Institution(s): National Radio Astronomy Observatory,
University of Connecticut, University of Arizona, University of
Michigan



108.05 - The magnetic and turbulent properties of the
Perseus B1 star-forming region(Simon Coude)

The Perseus molecular cloud is an active, nearby star-forming
complex containing several low- and intermediate-mass
regions, one of which is the Perseus B1 clump. This low-mass
star-forming cloud in particular is known to host several
prestellar and protostellar cores, making it an ideal laboratory
to test the influence of magnetic fields and turbulence at
different stages in the evolution of young stellar objects.We
present the POL-2 850 Aum polarimetric observations of
Perseus B1 from the B-fields In STar-forming Region
Observations (BISTRO) survey at the James Clerk Maxwell
Telescope, from which we inferred the plane-of-sky orientation
of the magnetic field in the cloud. Specifically, we calculated the
turbulence correlation length and the turbulent-to-total
magnetic energy ratio inside the cloud from the dispersion of
polarization angles. By combining this turbulent-to-total
magnetic energy ratio with observations of NH3 molecular lines
from the Green Bank Ammonia Survey (GAS), we then
estimated the strength of the plane-of-sky component of the
magnetic field through the Davis Chandrasekhar-Fermi
method.Our results show that Perseus B1 is a supercritical
molecular cloud with a magnetic field nearly dominated by its
turbulent component. With complementary studies using
polarimetric data from, among others, the BISTRO survey and
the Stratospheric Observatory for Infrared Astronomy (SOFIA),
it will soon be possible to quantify and compare the magnetic
and turbulent properties of the different environments in the
Perseus star-forming complex, thus providing invaluable
insights into the dynamics of low-mass star formation.
Author(s): Simon Coudé, Steve Mairs, Doug Johnstone, Sarah
Sadavoy, Pierre Bastien, James Di Francesco, Rachel Friesen,
Martin Houde

Institution(s): Universities Space Research Association,
Harvard-Smithsonian CfA, Université de Montreal, National
Radio Astronomy Observatory, University of Western Ontario,
University of Victoria, NRC Herzberg Astronomy and
Astrophysics, East Asian Observatory

108.02D - Spatially Resolved Star Formation Scaling
Relations in Cosmological Simulations(Matthew Orr)

Cosmological simulations have evolved over the past two
decades to match ever more restrictive constraints on galaxy
formation and evolution. For much of this time, simulations
struggled to match even global properties of observed galaxies:
stellar mass--halo mass relations, integrated star formation
rates--gas masses (integrated Kennicutt-Schmidt), etc.
However, the latest generation of zoom-in simulations is just
now able to spatially resolve many of these galaxy scaling
relations, just as spatially-high resolution galaxy surveys and
studies move the goalposts from global properties to spatially-
resolved distributions. In my talk, I will discuss several studies
of spatially-resolved galaxy scaling relations in the FIRE
(Feedback In Realistic Environments) suite of cosmological
simulations, among them: Kennicutt-Schmidt, star formation

rate profiles, and line of sight velocity dispersions and star
formation rates. I will explore how modern cosmological
simulations are moving closer to the observations, both in their
predictions and in their ability to model observables directly.
Finally, how we can use these simulations to understand what
physics these scaling relations are actually sensitive to.
Author(s): Matthew Orr, Philip Hopkins

Institution(s): Caltech Contributing Team(s): FIRE
Collaboration

108.04D - Observational Studies of Hierarchical
Fragmentation in Molecular Clouds(Riwaj Pokhrel)

Star formation is a multi-step process where a molecular cloud
of size scale more than tens of parsec of size fragment multiple
times in a hierarchical fashion to finally form stars at the
smallest scales. During this process of hierarchical
fragmentation, different physics are responsible for supporting
the cloud against gravitational contraction at different levels of
hierarchy. We perform the Jeans analysis to test the thermal
and non-thermal fragmentation scenario over five levels of
hierarchy of structures in the Perseus molecular cloud. We find
that the fragmentation is consistent with inefficient thermal
Jeans fragmentation, where the thermal Jeans efficiency
increases from the largest to the smallest scale. We do not find
evidence of non-thermal fragmentation in Perseus if we assume
that the non-thermal velocity dispersion provides isotropic
pressure to support a cloud structure. Stars are formed as an
end result of the hierarchical cloud fragmentation, which then
co-evolve with the surrounding molecular gas.

Author(s): Riwaj Pokhrel

Institution(s): University of Massachusetts, Amherst

108.06D - Constraining the infalling envelope of
embedded protostars: BHR71 and its hot corinos(Yao-
Lun Yang)

Star formation processes such as infall, accretion, and outflows
increase the complexity of molecules, allowing us to use those
molecules to probe the physical environments where stars form.
The most deeply embedded protostars present particularly rich
spectra of molecules due to their dense envelope and active
infall and outflows, making them best probed by molecular
spectroscopy. Stars form via the infall of mass from a core, but
direct evidence for such infall has been elusive. The most direct
probe of infall is redshifted absorption against the central
continuum source, which is best shown in dense gas tracers,
such as HCO+ and HCN. Our ALMA observations of these two
molecules show such redshifted absorption toward an isolated
embedded protostar, BHR71. Both lines show a similar
redshifted absorption profile, indicative of infall. We model the
line profiles with 3D radiative transfer calculations to constrain
the kinematics properties of the collapsing envelope. Together
with a parameterized chemical abundance profile, we
successfully reproduce the infall signature from the HCO+ line.



The observation matches a younger envelope, which is
consistent with the outflow dynamical age, than the ones
constrained by the previous dust model. We also found
emissions of complex organic molecules (COMs), revealing the
"hot corinos" nature of BHR71. We found that complex organic
molecules emit from a compact region centered on the
continuum source, corresponding to ~70-90 AU. Several COMs,
such as methanol and methyl formate, show clear signatures of
rotation, which is consistent with a ring from a part of rotating
infalling envelope. The similar abundances of COMs toward
isolated protostars, such as B335 and L483, suggests that the
warm temperature at the inner region passively release the
COMs rather than actively modifies the chemical composition
of COMs.

Author(s): Yao-Lun Yang

Institution(s): University of Texas at Austin

109 - Space Mission Instrumentation I
109.01 - High-resolution, mid-ir spectroscopy with a
robotic 5-m telescope at the lunar south pole.(Gordon
Walker)

We explore the concept and advantages of a diffraction limited,
3 to 5 m aperture telescope in permanent shadow in the
Shackleton Crater feeding a fibre to a compact diffraction
limited spectrograph, Ra%0¥105, covering 0.6 to 5 I¥4m. The
absence of telluric WV, O2 or CO2 would allow, sensitive
detection of these bio-signatures in transiting exo-planet
atmospheres, among many other things. Radial velocities with a
precision ~10 cm s-1 would be possible. Such a facility is
possible with existing technology. Assembly, upgrades and
maintenance would be robotic. The risk from lunar dust is
unknown.

Author(s): John Pazder, Gordon Walker

Institution(s): UBC, National Research Council of Canada

109.03 - Real-time data reduction pipeline and image
analysis software for FIREBall-2: first flight with a 1”-
doped UV-EMCCDs operating in counting
mode(Vincent Picouet)

FIREBall-2 (PI: C. Martin, CALTECH, French Co-PI:
B.Milliard, LAM) has been launched on the 22nd of September,
2018 from the CSBF NASA facility in Fort-Sumner, NM.The
instrument comprises a one meter telescope feeding a UV multi
object spectrograph coupled to a high-efficiency UV detector
developed by JPL on the basis of a " -doped and AR-coated
electron multiplying charge coupled device (EMCCD) CCD201-
20 (1024x2048 px). The EMCCDs' serial readout register
incorporates an avalanche gain mechanism that amplifies the
incoming electrons by a factor ~2x103 which decreases the
effect of the readout noise by the same factor. This gain comes
at a cost: due to its stochastic nature, the amplification process
introduces an Excess Noise Factor of sqrt(2) which can be
removed by applying a non-linear threshold which
discriminates single photon events. I will present the flight

reduction pipeline developed and used for the first flight of this
cutting-edge EMCCD, which includes a simple cosmic-ray
removal and photo-counting thresholding.I will also present an
interactive image/spectrum analysis python package developed
at LAM and used to perform FIREBall-2 in-flight real time
analysis. This package incorporates many AIT and flight
functions and is seamlessly coupled to the astronomical
imaging and data visualization software DS9. The main goal in
the development was to join the user friendly but general
SAOImage DS9 interface with a series of both broad interest
and FIREBall-2 specific python functions that can be run by a
simple click using the DSg interface.The package, based on the
two-way communication between DS9 and python provides a
very efficient method of interaction with the images. This
includes stacking, a variety of quick calculations, and
visualizations of the image in a given area defined in DS9.The
different features of the package, such as aperture photometry,
2D Gaussian fits to circular or rectangular spots, stacking
analysis or calibration functions (eg. through-focus, slit-scan
analysis) will be presented. This package will be publicly
released in January 2019.

Author(s): Didier Vibert, Vincent Picouet, Gillian Kyne
Institution(s): Laboratoire d'astrophysique de Marseille,
CALTECH Contributing Team(s): FIREBall- team

109.04 - Diffraction analysis of Laser Guide Star
enabled cophasing wavefront control for large
segmented aperture space telescopes(Yeyuan Xin)

Large segmented aperture telescopes such as LUVOIR (Large
UV Optical Infrared Surveyor) are in development to achieve
the improvement in resolution and contrast necessary to
directly image Earth-like exoplanets, in addition to making
contributions to general astrophysics. Control of these complex,
large optical systems, which may have several dozen meter-
sized segments, to a surface precision on the order of
picometers is a challenge. A laser guide star (LGS) on a
companion spacecraft can provide a 2nd magnitude or brighter
source for faster wavefront sensing with a Zernike wavefront
sensor than is possible with most natural target stars.We will
present feedback control system simulations that show that the
LGS can relax the segment stability requirements by up to two
orders of magnitude and allow observations of stars with
brightnesses unlimited by wavefront sensing considerations.
We analyze the approach of using a hexagonal segmented
deformable mirror (DM) conjugate to the primary telescope
mirror to correct for segment piston, tip, and tilt errors. This
control strategy provides a segment wavefront control loop
concurrent with Electric Field Conjugation that uses two high
actuator count DMs to dig symmetric dark holes. Assuming
perfect knowledge and actuation of the system, our preliminary
model with an unapodized charge 6 vector vortex coronagraph
shows that correcting with the hexagonal DM can significantly
improve the contrast achieved by EFC, for example from
3.5%10-7 uncorrected to 6*10-9 with correction for 100 pm RMS
of telescope segment error. Dynamic diffraction effects from
introducing a typical hexagonal segmented DM result in the



residual contrast floor that increases with primary telescope
segment error. We present our simulation results and
additional analyses of sensitivity to factors such as coronagraph
choice and conjugate DM size and segment gap ratio, and
discuss strategies for improving the performance of the LGS
approach.

Author(s): James R. Clark, Yeyuan Xin, Jennifer R Lumbres,
Ewan Douglas, Jared Males, Kerri L Cahoy, Gregory W Allan,
Olivier Guyon

Institution(s): Massachusetts Institute of Technology,
University of Arizona

109.05 - Glowbug, a Gamma-Ray Telescope for Bursts
and Other Transients(J. Grove)

We describe Glowbug, a gamma-ray telescope for bursts and
other transients in the 30 keV to 2 MeV band. It was recently
selected for funding by the NASA Astrophysics Research and
Analysis program, with an expected launch in the early 2020s.
Similar in concept to the Fermi Gamma Burst Monitor (GBM)
and with similar sensitivity, Glowbug will join and enhance
future networks of burst telescopes to increase sky coverage to
short Gamma-Ray Bursts (SGRBs) from neutron star (NS)
binary mergers, including possible SGRBs from NS-black hole
mergers. With the recent discovery of the SGRB coincident with
the gravitational wave transient GW170817, we know such
events occur with reasonable frequency. Expanded sky coverage
in gamma rays is essential, as more detections of gravitational
waves from such mergers by ground-based interferometers will
come in the next few years, and detecting an electromagnetic
counterpart is a powerful probe of merger dynamics.Work on
Glowbug at NRL is supported by NASA and the Chief of Naval
Research.

Author(s): Colleen A. Wilson-Hodge, Matthew Kerr, Daniel
Kocevski, Chi C. (Teddy) Cheung, Richard S. Woolf, Michael S.
Briggs, J. Grove, Jeremy S Perkins, Eric A. Wulf, Lee J.
Mitchell, Bernard F. Phlips

Institution(s): Naval Research Laboratory, University of
Alabama Huntsville, NASA Marshall Space Flight Center,
NASA Goddard Space Flight Center

109.06 - Accurate Infrared Absolute Calibration of
Faint Stars(George Rieke)

Although accurate direct absolute calibrations are available in
the infrared, they apply to very bright stars that are far above
the saturation limits of modern instruments. To address this
issue, we have traced Sirius to two well-understood faint
calibration stars, the A1V star BD +60 1753 (a primary IRAC
calibrator on Spitzer) and the G2V star P 330E (a primary
NICMOS calibrator on HST). Two methods have been used: (1)
photometry with Spitzer using the wings of the point spread
function on saturated images; and (2) transformation of
heritage photometry onto a consistent scale. We find that Sirius
can be assigned a K_S magnitude of -1.388 (and Vega -0.020)

on the 2MASS scale. The two calibration methods then agree on
flux densities at 3.60 microns of 7.05 mJy for P 330E and 36.35
mJy for BD +60 1753, or at 2.1598 microns, 16.65 and 87.3
mJy, respectively. These values are within the non-saturated
range for JWST and large groundbased telescopes, and they can
be extended to large networks through existing databases (e.g.,
2MASS, WISE). This work is therefore part of the foundation
for establishing an accurate photometric system for JWST that
can be applied uniformly to infrared measurements with
modern groundbased telescopes.

Author(s): Rafia Bushra, Kate Su, George Rieke
Institution(s): The University of Arizona

109.07 - AdEPT, the Advanced Energetic Pair
Telescope for Medium-Energy Gamma-Ray
Polarimetry(Stanley Hunter)

The Advanced Energetic Pair Telescope (AdEPT) is being
developed as a future NASA/GSFC end-to-end MIDEX mission
to perform high-sensitivity medium-energy (5-200 MeV)
astronomy and revolutionary gamma-ray polarization
measurements. The enabling technology for AAEPT is the GSFC
Three-Dimensional Track Imager (3-DTI), a large volume
gaseous time projection chamber with 2-dimentional micro-
well detector (MWD) readout. The low density and high spatial
resolution of the 3-DTI allows AdEPT to achieve high angular
resolution (~0.5 deg at 67.5 MeV) and, for the first time,
exceptional gamma-ray polarization sensitivity. These
capabilities enable a wide range of scientific discovery potential
for AAEPT. The key science goals of the AAEPT mission
include: 1) Explore fundamental processes of particle
acceleration in active astrophysical objects, 2) Reveal the
magnetic field configuration of the most energetic accelerators
in the Universe, 3) Explore the origins and acceleration of
cosmic rays and the Galactic MeV diffuse emission, 4) Search
for dark matter in the Galactic center, and 5) Test relativity with
polarization measurements. We report on the development of
AdEPT as a future NASA/GSFC MIDEX mission to perform
high-sensitivity medium-energy (5-200 MeV) astronomy and
revolutionary gamma-ray polarization measurements.
Author(s): Stanley Hunter, Lorella Angelini, Andrey
Timhokin

Institution(s): Goddard Space Flight Center

109.08 - TESS Data Analysis using the community-
developed Lightkurve Python Package(Geert
Barentsen)

Lightkurve is a community-developed, open-source Python
package which offers a user-friendly and accessible way to
analyze data from NASA’s Kepler and K2 missions. The new
TESS mission uses the same Kepler pipeline to generate data
products for the community, and so the data can be accessed in
much the same way as the original Kepler products. Since TESS
has recently begun releasing data, we have adapted Lightkurve



to enable users to easily interface with TESS products from
MAST. Our new tools allow users to work with TESS in the
same way as Kepler and K2, with the same friendly Lightkurve
API. The package is supported by a rich syllabus of tutorials
which aim to lower the barrier for students, astronomers, and
citizen scientists alike to analyze data from NASA’s exoplanet
space telescopes. In this contribution, I will demonstrate the
use of Lightkurve for TESS data analysis, discuss the future of
the package, and present evidence to show that making the
community’s expertise available in a high-quality, open source
package makes our field more inclusive.

Author(s): Geert Barentsen, Michael A. Gully-Santiago,
Thomas Barclay, Nicholas Saunders, Jessie Dotson, Ann Marie
Cody, Christina L Hedges, Jose Vinicius De Miranda Cardoso,
Institution(s): NASA Ames, Goddard Space Flight Center,
Bay Area Environmental Research Institute Contributing
Team(s): Lightkurve developers

109.02D - Identification and adaptive wavefront
control for an exoplanet coronagraphic imaging
instrument(He Sun)

In space-based exoplanet coronagraphic imaging systems, focal
plane wavefront control is needed together with the
coronagraph to cancel the detrimental wavefront aberrations
that are preventing the high contrast needed in the final image
plane. Currently, the most efficient focal plane wavefront
control algorithms, such as electric field conjugation (EFC) and
stroke minimization (SM), are all model-based, so the system’s
performance is related to the accuracy of its Fourier optics
modeling. Typically, lab characterization techniques, such as
deformable mirror laser interferometry and pupil plane
aberration phase retrieval, are used to improve the optical
system modeling. Unfortunately, most of these approaches
introduce non-common-path errors and none of them is able to
eliminate time-varying errors. In this talk, I will summarize our
work on a new machine-learning-based approach that enables
system identification and real-time adaptive wavefront control
of the exoplanet coronagraphic imaging instrument. This new
technique applies the expectation-maximization (E-M)
algorithm and deep neural networks to correct the model errors
in real time based on wavefront control data. This greatly
improves the wavefront correction speed and the final
achievable contrast. Simulation and experimental results in
Princeton's High Contrast Imaging Lab will be presented to
demonstrate this new approach. In addition, I will also report
the simulation of this new wavefront control algorithm on the
coronagraph instrument for NASA’s WFIRST telescope.
Author(s): N. Jeremy Kasdin, He Sun

Institution(s): Princeton University

110 - White Dwarfs, Neutron Stars and FRBs
110.01 - GBTrans: A synergistic search for Fast Radio
Bursts with Green Bank 20-m Telescope(Golnoosh
Golpayegani)

Pulsar searches and their need for high time resolution have
opened new windows to our knowledge about the universe. The
best example of this are Fast Radio Bursts (FRBs): very strong
transient radio bursts that occur in a short time-duration on the
order of milliseconds. The first FRB was discovered in a survey
for pulsars and fast transients in 2001 by the Parkes Radio
Telescope in Australia (Lorimer et al 2007). So far, only ~60
FRBs have been detected which is insufficient to adequately
characterize their origin, emission mechanism, and population.
The pulse properties of the bursts, including their Dispersion
Measure (DM) value, suggest that they likely have a celestial
origin. Although we are able to observe the flux of the bursts
and the fact that FRBs are highly dispersed in radio frequency,
today, eleven years since the first FRB discovery, we still don't
know what is the source of the bursts; whether compact objects
such as black holes, white dwarfs, neutron stars, etc. or solar
flares. However, the extragalactic compact object scenario is the
most likely scenario. Commensal-mode observing is especially
beneficial for detecting FRBs as it maximizes the on-sky time.
GBTrans is a commensal synergistic study of FRBs using the
Green Bank 20-meter diameter telescope at the Green Bank
Observatory which is currently active as part of the Skynet
educational program since 2015. We describe the observing
system and report on the non-detection of any FRBs. Single
pulses from known pulsars, including ~20k verifed giant pulses
from the Crab pulsar were detected during this survey, which
will be used in order to train a Convolutional Neural Network
(CNN) algorithm for real-time detection. With current FRB rate
models, along with measurements of telescope sensitivity and
beam size, we estimate the redshift that this survey probed and
the expected event rate. We discuss the implications of this
non-detection in the context of results from other telescopes
and the limitation of our search pipeline.

Author(s): Golnoosh Golpayegani, Duncan Lorimer,
Institution(s): West Virginia University, Center for
Gravitational Waves and Cosmology

110.02 - Observing Pulsars with CHIME(Ingrid Stairs)

The Canadian Hydrogen Intensity Mapping Experiment
(CHIME) is a new 4-cylinder 80om x 100m transit telescope
located at the Dominion Radio Astrophysical Observatory in
Penticton, B.C. Although built to measure the distribution of
hydrogen at intermediate redshifts, the telescope will also
provide a superb data set on Northern-hemisphere pulsars.
With a frequency range of 400-800 MHz and the ability to track
up to 10 pulsars simultaneously, the CHIME/Pulsar instrument
will provide daily monitoring of the variable interstellar
medium toward timing-array pulsars, as well as data sets on
hundreds of other pulsars with cadences of about 10 days or
less. Here we describe the pulsar backend instrument and
present a sample of early results.

Author(s): Ingrid Stairs

Institution(s): University of British Columbia Contributing
Team(s): CHIME/Pulsar collaboration



110.03 - Early Science Results from
CHIME/FRB(Deborah Good)

Fast Radio Bursts (FRBs) are millisecond duration,
extragalactic radio emissions, which are as yet poorly
understood, partially because only a few dozen have been
detected. The paucity of detections and incomplete localization
information complicates our understanding of FRBs and their
origins. The CHIME/Fast Radio Burst Project (CHIME/FRB)
mitigates this problem by using the Canadian Hydrogen
Intensity Mapping Experiment (CHIME) located at the
Dominion Radio Astrophysical Observatory in British Columbia
to search for FRBs continuously. CHIME is a novel transit
telescope coupled to a powerful correlator, which allows it to
observe the entire Northern sky in its frequency range (400-
800 MHz) each day. Pre-commissioning calculations predicted
CHIME/FRB could detect a few to several dozen FRBs per day.
Here, we present early scientific results, including, for the first
time, the detection of FRBs at frequencies as low as 400 MHz.
Author(s): Deborah Good

Institution(s): University of British Columbia Contributing
Team(s): CHIME/FRB Collaboration

110.04 - Radio and X-ray Monitoring of the Recently
Reactivated Magnetar PSR J1622-4950(Amanda Cook)

PSR J1622-4950 is one of four magnetars that has shown
evidence of pulsed radio emission. We present radio and X-ray
monitoring observations of this magnetar following its most
recent radio reactivation in April 2017. The radio observations
were carried out over a time span of roughly one year from May
2017 until August 2018, typically at simultaneous observing
frequencies of 2.2 GHz and 8.3 GHz, using the Deep Space
Network’s 34-m diameter telescopes located near Canberra,
Australia. Our radio measurements indicate that the magnetar
exhibited significant changes in its pulse profiles, flux densities,
spectral index, rate of bright single pulses, and rotational period
after its radio reactivation. Short-term variability in its radio
emission behavior was also observed.X-ray observations of the
magnetar were performed in the 1-6 keV energy band between
July 2017 and August 2018 with the NICER instrument on
board the International Space Station (ISS). We searched for X-
ray pulsations using contemporaneous radio ephemerides, but
found no strong evidence of pulsed X-ray emission. This
suggests that the magnetar has reentered an X-ray quiescence
state, which we explain by the decay in the rate of soft X-ray
thermal emission, inferred from fitting an absorbed blackbody
model to the X-ray spectra. We will discuss the results from our
multi-wavelength monitoring campaign and compare PSR
J1622-4950’s emission characteristics to other radio magnetars.
Author(s): Aaron B. Pearlman, Teruaki Enoto, Thomas
Prince, Thomas Kuiper, Jonathon Kocz, Zaven Arzoumanian,
Keith C Gendreau, Shinji Horiuchi, Charles J Naudet, Amanda
Cook, Walid Majid, Ariel Amsellem

Institution(s): McGill University, California Institute of
Technology, University of Chicago, Kyoto University, NASA

Goddard Space Flight Center, Jet Propulsion Laboratory,
California Institute of Technology, CSIRO, Canberra Deep
Space Communications Complex

110.06 - An Independent Dynamical Mass for the
White Dwarf in the Self-Lensing Binary KOI-
3278(Daniel Yahalomi)

KOI-3278 is a self-lensing stellar binary consisting of a white
dwarf orbiting a Sun-like star. Kruse and Agol (2014) noticed
small periodic brightenings every 88.18 days in the Kepler
photometry and interpreted this as the result of microlensing by
a white dwarf with about 63% of the mass of the Sun. We
present the results of follow-up spectroscopy that allow us to
refine the stellar parameters for the host star and derive an
independent dynamical mass for the white dwarf in good
agreement with the microlensing mass. The radial velocities
used for the orbital solution come from two independent
programs with the High Resolution Spectrograph (HIRES) on
Keck and the Tillinghast Reflector Echelle Spectrograph (TRES)
at the Whipple Observatory, again with good agreement. We
also present the results of a global MCMC model that combines
the microlensing and dynamical analysis and takes advantage of
our improved knowledge of the host star from the spectroscopy
and Gaia DR2 parallax. Self-lensing systems such as KOI-3278
can provide new windows into the evolution of binary systems
where mass loss and/or mass transfer is involved, such as
common envelope binaries and blue stragglers.

Author(s): Yossi Shvartzvald, David W Latham, Eric Agol, Avi
Shporer, Ethan Kruse, Daniel Yahalomi

Institution(s): Harvard-Smithsonian CfA, Massachusetts
Institute of Technology, University of Washington, NASA
GSFC, IPAC

110.05D - Searching for compact objects within X-ray
catalogs using Machine Learning(Jeremy Hare)

Modern X-ray observatories (e.g., Chandra and XMM-Newton)
have detected large numbers of Galactic sources
serendipitously. The X-ray properties of these sources are
extracted and then placed into catalogs, where they remain
primarily unstudied. Novel discoveries and rare source classes
are certain to be revealed by studying these rich datasets.
However, X-ray data alone is often not enough to classify these
sources, especially the faint sources whose population
dominates these catalogs. Therefore, additional
multiwavelength data must be used. MUWCLASS is a
multiwavelength machine-learning pipeline that we have
developed to classify X-ray sources. The pipeline relies on an
extensive multiwavelength training dataset to carry out this
task. In this talk, I will describe the training dataset, pipeline,
and validation procedures used to construct MUWCLASS. I will
then discuss the results of the classification of X-ray sources in
multiple environments, including unidentified TeV sources,
stellar clusters, and SNRs.



Author(s): Igor Volkov, George Pavlov, Oleg Kargaltsev,
Bettina Posselt, Jeremy Hare, Blagoy Rangelov
Institution(s): George Washington University, Texas State
University, University of California, Berkeley, University of
Maryland, Pennsylvania State University

111 - Milky Way & Galactic Center I
111.01 - New Spectroscopic Constraints on Cool Gas in
the Fermi Bubbles(Andrew J Fox)

At the center of the Milky Way, two giant Fermi Bubbles
surround the Galactic Center. We present new results from our
ongoing program to study entrained cool gas clouds in the
Fermi Bubbles using ultraviolet and radio observations. This
includes Hubble Space Telescope/Cosmic Origins Spectrograph
spectra of five AGN lying behind the southern Fermi Bubble at
low Galactic latitude, a largely unexplored region where
enhanced X-ray emission suggests outflow activity. We study
this region via analysis of the high-velocity cloud (HVC)
absorption detected in UV metal lines toward the background
AGN. We also present a deep 21 cm map from the Green Bank
Telescope of an entrained cool H I cloud in the northern
Bubble, and discuss the implications of its existence. These
results further our understanding of how nuclear activity drives
the circulation of gas through the Galactic halo.

Author(s): Rongmon Bordoloi, Trisha L Ashley, Andrew J
Fox, Felix Lockman

Institution(s): STScI, North Carolina State University,
Massachusetts Institute of Technology, Green Bank
Observatory

111.02 - NuSTAR Discoverty of a 40 keV High-energy X-
ray Source within the Central Parsec of the
Galaxy(Shuo Zhang)

Soft X-ray observations have revealed that The central parsec of
the Galaxy harbors a supermassive black hole, a pulsar wind
nebula candidate, a cusp of quiescent black hole systems and
complicated diffuse X-ray emission components. NuSTAR’s
arcminte spatial resolution beyond 10 keV allowed us to
investigate what the Galactic center has to offer in the high-
energy X-ray band. In this talk, I would like to report our
discovery of a new High-energy X-ray source located at merely 1
parsec from the Galactic center supermassive black hole Sgr A*.
This source is most significantly detected as an extended source
in 40-50 keV. It spatially coincides with a region showing
velocity discontinuum of the slighted ionized gas in the
circumnuclear disk. I am going to discuss two possible origins
of this high-energy source in the vicinity of Sgr A*: 1) ionization
of the circumnuclear disk by X-ray photon outflows from Sgr A*
or a nearby pulsar wind nebula; 2) excitation of the
circumnuclear disk by MeV-GeV electrons/protons.
Author(s): Jae Sub Hong, Shuo Zhang, Kerstin Perez, Betsy
Mills

Institution(s): MIT, Boston University, CfA

111.03 - A Phenomenological Study of Radio Pulses
from the Galactic Center Magnetar PSR J1745-
2900(Aaron B. Pearlman)

The Galactic Center magnetar, PSR J1745-2900, lies at a
projected distance of ~0.1 pc from Sgr A* and serves as an
excellent probe of the magneto-ionic environment near the
Galaxy's central black hole. We present results from
simultaneous radio observations of the magnetar at 2.3 and 8.4
GHz with the NASA Deep Space Network 70 m antenna, DSS-
43, in Tidbinbilla, Australia. We characterize the magnetar's
pulse profile shape, flux density, radio spectrum, and single
pulse behavior over a ~1 year period between MJDs 57233 and
57621. When the 8.4 GHz profile is single-peaked, the magnetar
exhibits an average spectral index of 4€"1+3€%o = -1.86 A+
0.02 between 2.3 and 8.4 GHz, which is comparable to the
mean spectral index of ordinary radio pulsars. The radio
spectrum significantly flattens when the pulse profile becomes
double-peaked. This behavior is atypical of most radio
magnetars, which have relatively flat or inverted radio
spectra.From an analysis of single pulses at 8.4 GHz on MJD
57479, we find that giant pulses and pulses with multiple
emission components are emitted during a significant number
of rotations. The single pulse flux density distribution cannot be
described by a log-normal distribution due to these giant
pulses. The intrinsic pulse width of the components is typically
~1.8 ms, and the prevailing delay time between successive
components is ~7.7 ms. Many of the single pulse emission
components display frequency structure over bandwidths of
~100 MHz, which is the first observation of such behavior from
aradio magnetar. We measure a characteristic single pulse
broadening timescale of I,,d = 6.9 A+ 0.2 ms at 8.4 GHz, which
is more than an order of magnitude larger than expected based
on previous multi-frequency scattering measurements. We also
find that the pulse broadening is extremely variable between
emission components and cannot be explained by a static thin
scattering screen at distances > ~1 kpc from the magnetar. We
will discuss potential intrinsic and extrinsic mechanisms for the
magnetar's emission and compare our results to other
magnetars, high magnetic field pulsars, and fast radio bursts.
Author(s): Shinji Horiuchi, Aaron B. Pearlman, Jonathon
Kocz, Thomas A. Prince, Walid A. Majid,

Institution(s): California Institute of Technology, CSIRO
Astronomy and Space Science, Canberra Deep Space
Communications Complex, Jet Propulsion Laboratory,
California Institute of Technology

111.04 - In Search of Galactic Center Millisecond
Pulsars from Steep-Spectrum, Compact Radio
Sources(Namir E Kassim)

Aleading candidate for the Fermi Galactic Center GeV Excess is
a population of thousands of as yet undetected millisecond
pulsars. We have conducted a search for pulsar candidates
using new high sensitivity, wide-field radio observations of the
Galactic Center covering ~5 square degrees. We conducted the



search at a low frequency of ~320 MHz in order to take
advantage of the very steep spectra typical of pulsars. Follow-up
6 GHz observations of our steepest spectrum, compact targets
resulted in a number of candidate pulsars. No pulsations were
detected for any of the candidates in a search conducted with
the GBT at GHz frequencies, presumably due to severe
temporal scattering in the Galactic Center region or along the
line of sight. We discuss the implications of the non-detections
on pulse period and distance estimates in context of what is
known about the Galactic distribution of ionized gas. We
estimate that pulsations from our best candidate would have
been detected up to a distance of ~8 kpc and ~4.5 kpc, for a
normal or millisecond pulsar, respectively.

Author(s): Dale A Frail, T. Joseph W Lazio, Julia Deneva,
Namir E Kassim, Scott D Hyman, Maura McLaughlin, Emil
Polisensky, Paul S Ray

Institution(s): Naval Research Laboratory, NRAO, Sweet
Briar College, JPL-Caltech, George Mason University, West
Virginia University

111.05 - IMAGINE: the Interstellar MAGnetic field
INference Engine(Tess Jaffe)

The IMAGINE Consortium has been formed to bring together
theorists and observers from the wide variety of astronomy and
astroparticle areas impacted by the Galactic magnetic field
(GMF). Magnetic fields in the interstellar medium are difficult
to study directly but affect phenomena as diverse as: the
propagation of cosmic rays; the formation of stars; the
morphology of supernova remnants; the deflections in the
arrival directions of extragalactic ultra-high energy cosmic rays
(UHECRS); the cosmic microwave background (CMB)
foregrounds. New data across the electromagnetic spectrum are
giving us new and different views of the fields (for example,
polarized dust emission from Planck, or anisotropies in the
arrival directions of UHECRs seen with Auger or IceCube), but
these data are difficult to interpret because of the complexity of
the different contexts and the degeneracies in the parameter
space. The Interstellar MAGnetic field INference Engine is our
new framework for combining all available observables as well
as theoretical knowledge into a statistically rigorous Bayesian
analysis. This will allow us to incorporate *all* available
information to break some of these degeneracies as well as to
explicitly quantify how well different models reproduce the
same observables with the Bayesian evidence. I will summarize
the project, the infrastructure we have made publicly available,
and our plans to build more realistic GMF models based on
magneto-hydrodynamical dynamo equations and to attempt
both parametric and non-parametric reconstructions of the
GMF.

Author(s): Tess Jaffe

Institution(s): NASA/GSFC and Uniof Maryland
Contributing Team(s): IMAGINE Consortium

111.06 - MAGNETIC FIELD STRUCTURE AND
Turbulence of OMC-1(Jordan Guerra Aguilera)

We present the results of determining the magnetic field and
characterizing the turbulence in the Orion Molecular Cloud 1
(OMC-1). Using multi-wavelength polarimetric data from
SOFIA/HAWC+, we employed the analysis of polarization
vectors dispersion along with the Davis-Chandrasekhar-Fermi
method to determine the field strength and turbulent state at
different regions of OMC-1. Our results show that the three
main regions of OMC-1, the BN/KL object, the bar, and the HII
region have different magneto-turbulent states, with the bar
being the most turbulent of all and the HII region the least.
Magnetic field estimates show that BN/KL has ~ 1 mG strength
while the HII and bar show approximately half that value. In
addition, more complex structure is observed in each region.
Implications of these results to magnetically-dominated BN/KL
explosion, the effect of magnetic field on star formation will be
discussed.

Author(s): C. Darren Dowell, David Chuss, Javad Siah,
Joseph M. Michail, Martin Houde, Jordan Guerra Aguilera
Institution(s): Villanova Unversity, University of Western
Ontario, NASA Jet Propulsion Lab Contributing Team(s):
HAWC+ Science Team

111.07 - Interstellar HI: Filaments and threads(Gerrit
Verschuur)

A very long and nearly straight HI filament at about -60 km
sa"’1 in the southern galactic hemisphere, seen nearly normal to
the line-of-sight and well separated from low velocity gas, has
been studied in several ways in order to understand its physics,
structure, and morphology. Gaussian analysis of 1800 profiles
show an underlying HI component, which is at least 15 deg.
long and about 1 deg. wide, has a typical line width of 21 km/s.
At a distance of 100 pc it would be confined by a magnetic field
of 18 {24 G. Examination of 140 declination-velocity cross-
sections revealed evidence for narrow, elongated features
(threads) unresolved in width within the boundaries of the
filament. These cooler components have an average density of
29 cu.cm. and may be confined by a magnetic field of 5 1v4G.
These results, taken together, suggest that interstellar HI
filaments may have magnetic substructure.

Author(s): Mahboubeh Asgari-Targhi, Joan T. Schmelz,
Gerrit Verschuur

Institution(s): Unaffiliated, USRA, SOFIA Sience Center,
CfA

112 - Black Holes I

112.01 - Constraining BH formation with
2Mo05215658+4359220(Katelyn Breivik)

The recent discovery of 2M05215658+4359220 as a giant star
orbiting a dark companion presents a unique opportunity to
study the formation of compact objects. The giant star's



puzzling nature and poorly constrained mass lead to different
derived companion masses, ranging from 1.8 MaS™ to ~5
MaS™, with the potential of a ~3 MaS™ black hole companion.
In this work, we show which binary stellar evolution channels
produce systems containing black holes orbiting giant stars like
2M05215658+4359220. We also show how future observations
of the masses of 2M05215658+4359220 and it's companion
may place strong constraints on models for the supernova
explosion mechanism.

Author(s): Jeff Andrews, Sourav Chatterjee, Katelyn Breivik
Institution(s): Canadian Institute for Theoretical
Astrophysics, Foundation for Research and Technology-Hellas,
Tata Institute of Fundamental Research, Physics Department &
Institute of Theoretical & Computational Physics

112.01 - The population of binary black holes following
advanced LIGO's second observing run(Maya
Fishbach)

I will discuss the astrophysical population of binary black holes
as inferred from the LIGO/ Virgo detections to date. Combining
the binary black hole detections from advanced LIGO's first and
second observing runs, we place constraints on the black hole
mass spectrum, spin distribution, total merger rate, and the
evolution of the merger rate with redshift. We discuss evidence
for various features in the distributions, including the minimum
and maximum black hole mass, and aligned versus isotropic
spins.

Author(s): Maya Fishbach

Institution(s): University of Chicago Contributing Team(s):
LIGO Scientific Collaboration, Virgo Collaboration

112.02 - Black hole mergers in AGN disks: Low iteff
mergers & predictions for LIGO(Barry McKernan)

Accretion disks around supermassive black holes in active
galactic nuclei (AGN) are promising sites for stellar mass black
hole mergers detectable with LIGO and intermediate and
extreme mass ratio mergers detectable with LISA. Here we
present the results of Monte-Carlo simulations of a probabilistic
black hole merger hierarchy within AGN disks. Two key
findings are: 1) The distribution of T+eff from black hole
mergers in the disk is naturally centered on zero, with >90% of
mergers occuring with |I*eff| <0.5 and ~50\% of mergers occur
with |I*eff| <0.2 and, 2) the rate of black hole mergers is highest
early on (<0.1Myr) in the AGN disk.

Author(s): Daniel Wysocki, Richard O'Shaughnessey, K.E.
Saavik Ford, Barry McKernan,

Institution(s): CUNY-BMCC, RIT, AMNH

112.04 - Gravitational interactions of stars with
supermassive black hole binaries: Tidal disruption
events and hypervelocity stars.(Siva Darbha)

Stars incident on supermassive black holes (SMBHs) can be
disrupted in tidal disruption events (TDEs) or ejected as
hypervelocity stars (HVSs). Using restricted three-body
integrations, we study the statistics of TDEs and HVSs
produced by a circular, binary SMBH as a function of its mass
ratio q and separation a. For both outcomes, we calculate the
event probabilities, the probability density functions (PDFs) of
important observables, and the time-dependent event rates as
the binary inspirals. For the TDEs, we compare our results to a
single SMBH, and examine the fallback dynamics of the debris
in the "frozen-in" approximation. We find that the TD rate is a
factor of 4" ¥4 2 - 7 times larger than that of a single SMBH and
is independent of q for q 4%0¥ 0.2. Disruptions from close,
nearly equal mass binaries can produce intense tidal fallbacks
with short rise times and highly super-Eddington peak return
rates. For the HVSs, we examine the velocity and angular
distributions, compare our results to HVSs produced by a single
SMBH (i.e. the "Hills mechanism"), and constrain the size of
the HVS sample needed to distinguish between the two sources.
We find that the HVS ejection probability is an increasing
function of a and q, and that the mean ejected velocity scales
with the binary SMBH parameters as shown in previous work
but with modified scaling constants. Inspiraling binary SMBHs
eject stars with velocities vA"Z > 1000 km/s at rates of 4"V
4A—10-2 - 2A—10-1yr-1for q = 1 (A" %4 10-4 - 10-3 yr-1for q =
0.01) over their lifetimes, and can emit a burst of HVSs with
va"Z > 3000 km/s as they coalesce. Roughly N 4”4 100 HVS
velocity samples with vA"Z 4%0¥ 200 km/s are required to
distinguish between a binary and single SMBH origin.
Author(s): Eliot Quataert, Dan Kasen, Siva Darbha, Eric
Robert Coughlin,

Institution(s): University of California, Berkeley, Columbia
University, Lawrence Berkeley National Laboratory

112.06 - Extreme Transients Discovered with DASCH:
New BH-LMXBs or new Classical Novae?(Jonathan E
Grindlay)

A prime motivation for undertaking the Digital Access to a Sky
Century @ Harvard (DASCH) project to digitize the ~500,000
glass plate images taken by Harvard telescopes over the full-sky
from 1886 - 1992 was to study extreme transients. With the
data releases DR6 and DR7 by the time of this AAS, we can now
report on initial results for extreme transients (>8 magnitude
nova-like outbursts) from over 65% of the sky. These include
classical novae (many originally discovered on the Harvard
plates), WZ Sge CVs, and black hole low mass X-ray binaries
(BH-LMXBs), which have rare >6 - 10 magnitude optical
outbursts with decay times comparable to classical novae

(CNe). Precise (<1 arcsec) positions for these bright transients
enable identification with Gaia DR2 objects and enable WZ Sge
systems to be (largely) filtered out. The distinction then
between BH-LMXBs and CNe is partly enabled by outburst
decay timescales and the presence of secondary outbursts (often
seen in BH-LMXBs). However mass functions require
photometric (or spectroscopic) binary periods and/or
ellipsoidal modulation measures to constrain inclination and



primary masses. Alternatively, on these faint quiescent systems,
spectroscopic measures of K2 and emission line widths can be
used. These are in progress on several promising candidates,
with more to come. Together with outburst Recurrence times
and Duty Cycles being derived from DASCH data for X-ray
discovered BH-LMXBs, this will constrain the BH-LMXB
population in the Galaxy.

Author(s): Jonathan E Grindlay

Institution(s): Harvard University - CfA Contributing
Team(s): DASCH Team

112.05D - Sowing black hole seeds: Direct collapse
black hole formation and assembly with realistic
Lyman-Werner radiation in cosmological
simulations(Glenna Dunn)

We study the birth and assembly of supermassive black holes
from the direct collapse process and characterize the sites
where these black hole seeds form. In the pre-reionization
epoch, molecular hydrogen (H2) is an efficient coolant, causing
gas to fragment and form Population III stars, but Lyman-
Werner radiation can suppress H2 formation and allow gas to
collapse directly into a massive black hole. The critical flux
required to inhibit H2 formation, Jerit, is hotly debated, largely
due to the uncertainties in the source radiation spectrum, H2
self-shielding, and collisional dissociation rates. We test the
power of the direct collapse model in a self-consistent, time-
dependent, non-uniform Lyman-Werner radiation field using
an updated version of the SPH+N-body tree code Gasoline with
H2 non-equilibrium abundance tracking, H2 cooling, and a
modern SPH implementation. We study how the parameter
Jerit impacts the number of seed black holes and the type of
galaxies which host them. We focus on black hole formation as
a function of environment, halo mass, metallicity, and
proximity to the Lyman-Werner source. We then use semi-
analytic modeling to investigate the role of black hole spin and
gravitational recoil in the redshift z=5 massive black hole-host
scaling relations and occupation fraction. We find that massive
black hole seeds form more abundantly with lower Jerit
thresholds, but regardless of Jcrit, these seeds typically form in
low-metallicity pockets of halos that have recently begun star
formation. We further find that incorporation of gravitational
recoil kicks more significantly affects the final MBH-host mass
scaling relations than the occupation fraction, as host galaxies
can be refilled repeatedly by later episodes of MBH formation.
Author(s): Jillian Bellovary, Glenna Dunn, Charlotte
Christensen, Kelly Holley-Bockelmann, Thomas Quinn
Institution(s): Vanderbilt University, Queensborough
Community College, Fisk University, Grinnell College,
American Museum of Natural History, University of
Washington

113 - Supernovae I
113.01 - A He shell double detonation on a sub-
Chandrasekhar mass white dwarf(Kishalay De)

The detonation of a He shell on a white dwarf has been long
proposed as an explosion triggering mechanism for Type Ia
supernovae. Yet, there remain several issues in reconciling
observations to the predicted light curves and spectra from
these models, especially due to the effects of the “ashes' of the
overlying burned He shell. Here, we report the discovery of ZTF
18aageasu (SN 2018byg), a peculiar Type Ia supernova
discovered in the outskirts of an elliptical galaxy at z=0.066.
With a rise time of 17 days, the transient reached a peak
absolute magnitude of -18.2, exhibiting a light curve akin to
sub-luminous (SN 1991bg-like) Type Ia supernovae.
Spectroscopic follow-up starting from a week after explosion
show that the transient exhibited blue continua at early times,
superimposed with absorption features of Ti IT and Fe group
elements. Subsequent photospheric spectra taken near peak
light exhibit prominent Si absorption features together with
unusually red colors marked by nearly complete line blanketing
of flux blue-wards of 5000 Angstrom. The source exhibited a
fast transition to the nebular phase within 30 days after peak
light, revealing evidence of a thermonuclear detonation event
dominated by Fe-group nucleosynthesis. We show that the
observed properties of ZTF 18aaqeasu are consistent with the
detonation of a massive (0.15 solar masses) He shell on a sub-
Chandrasekhar mass (0.7 - 0.8 solar masses) white dwarf.
These observations provide direct evidence of a likely rare class
of Type Ia supernovae arising from detonations of massive He
shells, in contrast to the broader population of Type Ia
supernovae that are suggested to arise from thin He shell
detonations or central ignitions.

Author(s): Abigail Polin, Lars Bildsten, Peter Nugent, Mansi
Kasliwal, Kishalay De

Institution(s): California Institute of Technology, University
of California, Santa Barbara, University of California, Berkeley
Contributing Team(s): Zwicky Transient Facility (ZTF), Global
Relay of Observatories Watching Transients Happen
(GROWTH)

113.02 - The progenitor system of the peculiar white
dwarf supernova 2012Z(Curtis McCully)

Recently, observations and theoretical models have shown that
not all thermonuclear white-dwarf supernovae (SNe) are
normal type Ia SNe that can used for cosmology. Type Iax SNe
are one of the largest classes of "peculiar” cousins to SNe Ia.
SNe Iax show similar elements to normal SNe Ia in their
spectra, but have several distinguishing properties: low
photospheric velocities, low luminosity given their light-curve
shape, and late-time spectra dominated by permitted Fe-group
elements rather than nebular features. 20127 was one of the
brightest and most nearby type Iax SNe to date. In deep HST
pre-explosion imaging, we discovered a source that was
consistent with the position of the SN. We interpreted this as
the progenitor system, likely a white dwarf accreting from a
helium star companion. To test this, we continued to observe
SN 2012Z with HST and still detect the system nearly four years
after explosion at an epoch when light from the supernova
event should have faded away.



Author(s): Saurabh Jha, Griffin Hosseinzadeh, Dale Howell,
Curtis McCully, Ryan Foley

Institution(s): Las Cumbres Observatory, Rutgers, The State
University of New Jersey, University of California Santa Cruz,
Harvard-Smithsonian Center for Astrophysics

113.03 - The Red Supergiant Progenitors of Two
Nearby Recent Supernovae(Schuyler D. Van Dyk)

We discuss the nature of the red supergiant (RSG) progenitors
of the nearby Type II-Plateau (II-P) SN 2017eaw in NGC 6946
and SN 2018a0q in NGC 4151. The massive progenitors for both
supernovae (SNe) were identified in archival pre-explosion
Hubble Space Telescope (HST) image data, via HST Target-of-
Opportunity imaging of the young SNe. The characterizations of
the two progenitors were also aided by archival Spitzer Space
Telescope observations. The two events appear to span the
range of luminosity for SNe II-P. The progenitors themselves
also lie near the two ends of the currently-known range of initial
masses for RSGs terminating as SNe II-P. Support for HST
programs GO-15151 and GO-14645 was provided by NASA
through grants from STScI. Based in part on archival data
obtained with the Spitzer Space Telescope, which is operated by
JPL, Caltech, under a contract with NASA.

Author(s): Jennifer E. Andrews, Griffin Hosseinzadeh,
Viktoriya Morozova, Alexei Filippenko, Dale Howell, Justyn R.
Maund, Daichi Hiramatsu, Nathan Smith, Sundar Srinivasan,
Thomas Brink, Dan Milisavljevic, WeiKang Zheng, Schuyler D.
Van Dyk

Institution(s): California Institute of Technology, UC
Berkeley, University of Arizona, Harvard University,
LCO/UCSB, Purdue University, University of Sheffield, IRyA,
UNAM, Princeton University Contributing Team(s): on behalf
of a larger team

113.05 - Supernovae in the borderlands: Simulating the
explosion of a low-mass supernova progenitor(Eric
Lentz)

Core collapse in stars at the lower range of massive stars (8-10
MaS™) have different behaviors relative to more massive
counterparts where relatively lengthy neutrino driven
convection is required to relaunch the stalled bounce shock. We
compute the collapse, bounce, and explosive revival of the
supernova shock in a zero-metal 9.6 MAS™ progenitor using
the supernova neutrino radiation hydrodynamics code Chimera
in 1D, 2D, and 3D. During collapse, about 100 ms before
bounce, explosive burning ignites at the base of the silicon shell,
generating a burning front that proceeds outward, while the
iron-core continues to collapse and bounce. We examine the
origins and impact of this front on the explosion dynamics. Like
other supernovae in the borderlands between core collapse and
white dwarf formation, the low density mantle around the core
in this progenitor permits a rapid revival of the shock through
neutrino heating. The launch of the explosion with cooler and

more neutron-rich material leads to the formation of rare
neutron-rich isotopes like 48Ca, which we are able to track
directly through the in situ use of a large (160-species) nuclear
network for the ejected material.

Author(s): Anthony Mezzacappa, Stephen W. Bruenn, J.
Austin Harris, William Raphael Hix, O. E. Bronson Messer, Eric
Lentz, John M Blondin

Institution(s): University of Tennessee, Florida Atlantic
University, Oak Ridge National Laboratory, North Carolina
State University

113.06 - Testing explosion models with bulk properties
of supernova remnants(Hector Martinez Rodriguez)

Type Ia supernovae originate from the explosion of carbon-
oxygen white dwarfs in binary systems,but the exact nature of
their progenitors remains elusive. The bulk properties of Type
Ia supernovaremnants, such as the radius and the centroid
energy of the Fe Ka blend in the X-ray spectrum,are determined
by the properties of the supernova ejecta and the ambient
medium.We model the interaction between Chandrasekhar and
sub-Chandrasekhar models for Type Ia supernovaejecta and a
range of uniform ambient medium densities in one dimension
up to an age of 5000 years.We generate synthetic X-ray spectra
from these supernova remnant models and compare their
bulkproperties at different expansion ages with X-ray
observations from {Chandra} and {Suzaku}.We find that our
models can successfully reproduce the bulk properties of most
observed remnants,suggesting that Type Ia SN progenitors do
not modify their surroundings significantly on scales ofa few pc,
although more detailed models are required to establish
quantitative limits on thedensity of any such surrounding
circumstellar material. Ambient medium density and expansion
age are the main contributors to the diversity ofthe bulk
properties in our models. Chandrasekhar and sub-
Chandrasekhar progenitors make similarpredictions for the
bulk remnant properties, but detailed fits to X-ray spectra have
the power todiscriminate explosion energetics and progenitor
scenarios.

Author(s): Patrick Slane, Shigehiro Nagataki, Daniel
Patnaude, Adam Foster, Sangwook Park, Anthony Piro, Katie
Auchettl, Shiu-Hang Lee, Hiroya Yamaguchio, Carlos Badenes,
Eduardo Bravo, Hector Martinez Rodriguez

Institution(s): Institut de Ciencies del Cosmos (ICCUB),
Universitat de Barcelona, ONASA Goddard Space Flight Center,
University of Pittsburgh, E.T.S Arquitectura del Valles,
Smithsonian Astrophysical Observatory, RIKEN, Astrophysical
Big Bang Laboratory, Department

113.07 - Mechanism of the Unconfined Deflagration-to-
Detonation Transition in Type Ia Supernovae(Alexei
Poludnenko)

The nature of stellar progenitors and the associated explosion
mechanism of typela supernovae (SNIa) remains one of the



major open questions in astrophysics.Virtually all existing
theoretical models require formation of a supersonicdetonation
wave capable of providing nearly complete combustion of the
stellarmaterial. The mechanism of detonation initiation in
unconfined systems, such asthe interior of a WD, remains
poorly understood. Modern large-scale numericalmodels of
SNIa are unable to capture detonation formation from first
principlesdue to the extreme range of dynamical scales
involved, and instead are forced totrigger detonations
artificially. As a result, the time and location of thedetonation
initiation are free parameters present in all existing SNIa
models.We present the general theory of turbulence-induced
deflagration-to-detonationtransition (tDDT) in unconfined
systems. We use direct numerical simulations(DNS) of
unconfined turbulent thermonuclear flames in a degenerate
12Cstellar plasma to show for the first time that under
conditions representativeof those in a SNIa explosion this tDDT
mechanism can result in the spontaneousformation of strong
shocks and subsequently detonation ignition. We also use
thedeveloped theory to determine the criteria for detonation
initiation in theclassical single-degenerate Chandrasekhar-mass
model. We show that DDT can occurat densities in the range
107 - 108 g/cm3 with the maximum probability at I0DDT 4%o"
3A—107 g/cm3. These results open path for the newgeneration
of first-principles SNIa models, in which detonation
initiationconditions can be determined self-consistently.
Author(s): Alexei Poludnenko, Brian Taylor, Vadim Gamezo,
Kareem Ahmed, Jessica Chambers

Institution(s): Texas A&M University, Naval Research
Laboratory, University of Central Florida, Air Force Research
Laboratory

113.08 - The Expansion of the Young Supernova
Remnant 0509-68.7 (N103B)(Brian J Williams)

We present a second epoch of {\it Chandra} observations of the
Type Ia LMC SNR 0509-68.7 (N103B) obtained in 2017. When
combined with the earlier observations from 1999, we have a
17.4-year baseline with which we can search for evidence of the
remnant's expansion. Although the lack of strong point source
detections makes absolute image alignment at the necessary
accuracy impossible, we can measure the change in the
diameter and the area of the remnant, and find that it has
expanded by an average velocity of 4170 (2860, 5450) km s$"{-
1}$. This supports the picture of this being a young remnant;
this expansion velocity corresponds to an undecelerated age of
850 yr, making the real age somewhat younger, consistent with
results from light echo studies. Previous infrared observations
have revealed high densities in the western half of the remnant,
likely from circumstellar material, so it is likely that the real
expansion velocity is lower on that side of the remnant and
higher on the eastern side. A similar scenario is seen in Kepler's
SNR. N103B joins the rare class of Magellanic Cloud SNRs with
measured proper motions.

Author(s): P. Frank Winkler, William Patrick Blair, Armin
Rest, Brian J Williams, Robert Petre, John Raymond, Ravi
sankrit, Ivo R. Seitenzahl, Knox Long, Stephen Reynolds,

Kazimierz Borkowski, Parviz Ghavamian, Sean hendrick
Institution(s): Space Telescope Science Institute, North
Carolina State University, NASA GSFC, Millersville University,
Towson University, ANU, CfA, Middlebury University

113.04D - Revival of the Fittest: Exploding Core-
Collapse Supernovae(David Vartanyan)

Massive stars at the end of their lifetimes undergo gravitational
collapse and explode vigorously as core-collapse supernovae
(CCSNe), enriching the interstellar medium and sourcing many
of the heavy elements in the universe. In addition to hosting
nucleosynthesis, these explosions revitalize ambient star
formation, birth neutron stars, and produce gravitational
waves. Yet the nature of successfully powering CCSNe,
transforming stellar collapse to stellar explosion, has endured
as a scientific mystery for over half a century. The favored
mechanism for driving explosion is neutrino heating, wherein
some small fraction of the neutrino energy is absorbed to revive
the explosion. I employ FORNAX, a state-of-the-art
hydrodynamics and radiative transfer code, to study this
tenuously understood mechanism. In a series of recent multi-
dimensional simulations, I explore the sensitive dependence of
the outcome - explosion or dud - on the progenitor star
structure, neutrino-matter microphysics, and macrophysical
properties (e.g., rotation and velocity perturbations). I produce
the first cutting-edge, full three-dimensional simulation of a
CCSN progenitor, and find that our model explodes vigorously
within 100 milliseconds and is estimated to accumulate energy
at a rate of 0.5 Bethe (10”51 erg) over 2 seconds. Because
CCSNe produce gravitational waves and neutrinos in the first
seconds of evolution, our results inform the study of these
multi-messenger observational signatures as probes of the
progenitor star and its explosion dynamics. Until recently, the
field lacked high fidelity simulations that not only produced
explosions, but produced robust explosions. Our work brings
the field one step closer to this goal.

Author(s): David Vartanyan, Adam Burrows
Institution(s): Princeton University

114 - Brown Dwarfs and Planet Hosting Stars
114.01 - Ultraviolet Properties of a Large Flare on GJ
674(Cynthia S. Froning)

As part of the Mega-MUSCLES HST Treasury Program, our
team observed the exoplanet host star, GJ 674, in April of 2018.
During seven orbits of HST ultraviolet spectroscopic
observations with COS and STIS, GJ 674 exhibited several small
flares and two large ones, the most energetic of which persisted
over the entire COS orbit and has an integrated FUV (1070-
1360A) flux of 10730.8 erg. The flare spectrum exhibits line
emission from tracers of the stellar chromosphere (CII, CIII,
SilIl, Silll, SiIV, NV) and corona (Fe XII, FE XIX, Fe XXI). The
flare spectrum is also distinguished by strong, blue continuum
emission which can be fit by a blackbody with a brightness
temperature of Thr = 40,000+ /-10,000 K. In this presentation,



we compare the flare UV properties to parameterizations of
RHD models of chromospheric condensations and show how
the flare constrains electron heating values and the
development of flare layers in the chromospheres of M dwarf
stars.

Author(s): Allison Youngblood, David Wilson, Kevin France,
Cynthia S. Froning, Christian Schneider, Sarah Rugheimer,
Adam Kowalski, R. Parke Loyd

Institution(s): University of Texas at Austin, University of
Colorado, University of StAndrews, Goddard Space Flight
Center, Arizona State University, University of Hamburg

114.02 - Constraining the Radio Emission of
TRAPPIST-1 and Implications for Planetary
Habitability(Anna Hughes)

TRAPPIST-1 is a late-type M dwarf with a system of seven
terrestrial planets, at least three of which are in the habitable
zone. Habitability is typically defined by the temperature range
necessary to support liquid water, but additional factors like
high energy radiation produced by magnetic processes can
threaten surface life on surrounding planets under Earth-like
conditions. M dwarf stars like TRAPPIST-1 are prone to strong
magnetic fields, frequent flaring, and high levels of stellar
activity. Testing for gyrosynchrotron emission, detectable at
frequencies between 2 and 100 GHz, is one of the only ways to
constrain the high energy particle flux incident on surrounding
planets. We present 45 GHz and 97.5 GHz radio observations of
TRAPPIST-1 using the VLA in the Q band and ALMA in Band 3,
respectively. We use these results to constrain the radio flux
densities, and place limits on the magnetic properties and
outgoing high energy particle radiation from the star. While our
results do not imply that the TRAPPIST-1 stellar environment
must be suitable for life, we find no evidence that it is overtly
unsuitable.

Author(s): Anna Hughes, Jacob White, Rachel Osten, Aaron
Boley
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114.03 - Brown dwarfs below the Hydrogen burning
limit and how to make them.(John C Forbes)

The dividing line between brown dwarfs and stars has
traditionally been a particular metallicity-dependent mass, the
'hydrogen burning limit," around 0.07 solar masses. I will show
how brown dwarfs may exceed this limit, making use of a
simple analytic model and MESA simulations. I will review
plausible formation channels for these objects, concluding that
the most likely is via Roche Lobe overflow in binary brown
dwarf systems. I will also discuss prospects for their discovery.
Author(s): John C Forbes, Abraham Loeb

Institution(s): Harvard University

114.04 - A Volume-Limited Sample of L and T Dwarfs
Defined by Parallaxes(William M J Best)

As the lowest-mass objects created by star formation processes,
brown dwarfs are essential to a complete understanding of the
star formation history of our galaxy. To this end, a complete
volume-limited sample of brown dwarfs in the solar
neighborhood is critical for developing and testing formation
theories. To create such a sample, we (1) conducted a wide-field
(28,000 deg2) search using the Pan-STARRS1 and WISE
surveys for brown dwarfs missed in previous surveys to
complete the census, and (2) measured parallaxes for 348 L and
T dwarfs using the wide-field infrared camera WFCAM on the
United Kingdom Infrared Telescope (UKIRT) to reach well
beyond the faint limit of Gaia, producing the largest single
batch of parallaxes for brown dwarfs to date. We constructed a
volume-limited sample of Lo-T8 dwarfs out to 25 pc, covering
two-thirds of the sky (declinations -30A° to +60A°) and
containing 350 members. Our sample contains four times more
members than the previous most complete sample of Land T
dwarfs and is defined entirely by parallaxes. We identified a
distinct gap in the J-K color at the L/T transition, implying a
phase of rapid atmospheric evolution whose Teff (4%0"1300 K)
is in tension with model predictions. Using synthetic
populations tied to our volume-limited sample, we calculated
the most precise brown dwarf space density and luminosity
function to date, and we place new constraints on the substellar
initial mass function and formation history. Our volume-limited
sample will continue to be a rich source of empirical constraints
for studies of local brown dwarfs.

Author(s): Trent Dupuy, William M J Best, Eugene A
Magnier, Michael C. Liu

Institution(s): University of Hawaii, Gemini Observatory,
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114.05 - Resolving Brown Dwarf Binary Systems with
HST(Denise C Stephens)

With Gaia calculated distances to the brighter brown dwarfs, we
can identify overluminous objects as potential unresolved
binary systems. Many of these objects have been or may be
observed in the future using the Hubble Space Telescope. With
its easily reproducable point spread function, we can fit single
and binary PSF functions to the archival HST data and
determine the likelihood that a given object is in fact a binary
system. We can then calculate the separation of the two
components at the time of observation. In this poster we
present some preliminary results and the technique we are
using to try and indentify these binaries.

Author(s): Denise C Stephens

Institution(s): Brigham Young University



114.06 - Detecting Weather Patterns on Low-Gravity
Brown Dwarfs(Johanna M Vos)

Photometric variability monitoring is sensitive to atmospheric
features as they rotate in and out of view, allowing us to probe
the presence of features caused by inhomogeneous clouds and
temperature fluctuations. Periodic variability has been detected
in L and T brown dwarfs, and more recently in a small sample
of free-floating, planetary-mass objects. These young, low-
gravity objects share a striking resemblance with the directly-
imaged planets and can be studied in far greater detail in the
absence of a bright host star. The large amplitudes observed in
this small sample of low-gravity objects suggests that variability
may be enhanced for the exoplanet analogues. We have recently
carried out the first large survey for weather patterns on low-
gravity brown dwarfs and exoplanet analogues. I will present
the results of this survey and discuss what we have learned
about the role of surface gravity in variability properties.
Author(s): Wolfgang Brandner, Johanna M Vos, Ian
Crossfield, Derek Homeier, Michael C. Liu, Joshua Schlieder,
Mariangela Bonavita, MickaA «l Bonnefoy, Esther Buenzlio,
Taisiya Kopytova, Markus Janson, Jacqueline Radigan, William
M J Best, Elena Manjavacas, Kately

Institution(s): Gemini OBservatory, oInstitute for
Astronomy, ETH Zurich, Department of Astronomy/Steward
Observatory, University of Arizona, Université Grenoble Alpes,
Department of Physics, Massachusetts Institute for Technology,
Max-Planck-Institut fur Astronomie

114.07 - Independent Masses for the Luhman 16AB
Binary Brown Dwarf System from Gemini
GEMS(Stephen Mark Ammons)

We present the full astrometric orbit and barycentric motion of
Luhman 16 AB and the first precision measurements of the
individual component masses. We analyze archival
observations spanning 31 years from the European Southern
Observatory (ESO) Schmidt Telescope, the Deep Near-Infrared
Survey of the Southern Sky (DENIS), public FORS2 data on the
Very Large Telescope (VLT), and astrometry from the Gemini
South Multiconjugate Adaptive Optics System (GeMS). With
this new data sampling a full period of the orbit, we use a
Markov chain Monte Carlo algorithm to fit a 16-parameter
model incorporating mutual orbit and barycentric motion
parameters and constrain the individual masses to be {27.9}-
1.0+1.1 {M}J for the T dwarf and {34.2}-1.1+1.3 {M}J for the L
dwarf. Our measurements of Luhman 16 AB’s mass ratio and
barycentric motion parameters are consistent with previous
estimates in the literature. The GeMS-derived measurements of
the Luhman 16 AB separation in 2014-2015 agree closely with
Hubble Space Telescope (HST) measurements made during the
same epoch, and the derived mutual orbit agrees with those
measurements to within the HST uncertainties of 0.3-0.4 mas.
Author(s): Victor Garcia, Stephen Mark Ammons
Institution(s): Lawrence Livermore National Laboratory,

Tesla

115 - Starburst Galaxies
115.01 - Clumpy Star-formation in Local Luminous
Infrared Galaxies(Kirsten Larson)

We present HST narrow-band imaging of Pal+ and Paf2
emission of 50 local Luminous Infrared Galaxies (LIRGs) from
the Great Observatories All-Sky LIRG Survey (GOALS). These
data allow us to study spatially resolved star forming regions
and directly compare to star forming clumps found in both local
and high-redshift galaxies.We find that in LIRGs, the star-
forming clumps have sizes ranging from 90-9oopc and star
formation rates (SFRs) of .001 to 10 Msunyr-1, with median
values of 170pc and 0.028 Msunyr-1. Not surprisingly, the
detected star-forming regions are young with a median stellar
age of 8.5x106 yrs and they have a median stellar mass, as
measured from the near-infrared continuum, of 3x105 Msun.
The SFRs of the clumps in local LIRGs nicely span the range of
star formation rates found in normal local star forming galaxies
to the clumps found in high-redshift star forming galaxies at z =
1-3. The luminosity function of the LIRG clumps has a flatter
slope than found in lower-luminosity, star-forming galaxies,
indicating a relative excess of luminous star-forming clumps.
The LIRGs in our sample cover the entire merger sequence
from isolated galaxies to advanced staged mergers and allow us
to study how the size, number, luminosity, and distribution of
the clumpy star formation varies with the galaxy's merger stage,
mass, and global star formation rates.

Author(s): Tanio Diaz-Santos, Kirsten Larson, Lee Armus
Institution(s): California Institute of Technology, NA°cleo de
AstronomA-a, Universidad Diego Portales, IPAC, California
Institute of Technology Contributing Team(s): GOALS Team

115.03 - Searching For Dusty Mergers In The
FIR(Jillian Scudder)

The Far-Infrared (FIR) gives a unique window into the star
formation rates of high redshift, dusty galaxies, as it allows a
vantage point into galaxies which would be heavily dust-
obscured in the optical. Galaxies which are most luminous in
the FIR are generally thought to be forming stars at a
prodigious rate - young stars heat the dust within their host
galaxy, which then reradiates in the FIR. Technical challenges
abound, however, as even with a space-based telescope such as
the Herschel Space Observatory, the resolution of the images
returned is quite coarse. It is often assumed that a bright source
in the FIR belongs to a single, highly star forming galaxy, but
this is impossible to verify with low resolution images. In this
talk I will discuss results from a statistical, multi-wavelength
method of determining how many independent galaxies might
be blended together in our FIR images, and what these results
imply for our understanding of star formation and galaxy
interactions in the earlier Universe.

Author(s): Seb Oliver, Jillian Scudder, Julie Wardlow, Lingyu
Wang, Duncan Farrah, Peter Hurley



Institution(s): Oberlin College, Durham University,
University of Sussex, SRON Netherlands Institute for Space
Research, University of Hawaii, Data Javelin Contributing
Team(s): Herschel Extragalactic Legacy Project

115.04 - IC-10 3D: An IFS Survey of H II Regions in
Local Starburst Galaxy IC-10(Maren Cosens)

We present preliminary results from an integral field
spectrograph survey of the entire central region of IC-10 using
the W. M. Keck Observatory Keck Cosmic Web Imager (KCWT)
at high-spectral resolution. IC-10 is our nearest local starburst
galaxy with over 100 identified H II regions, allowing the study
of low mass star forming regions at high spatial resolution. This
survey will map IC-10 in two observing modes to sample the
photometric, kinematic, and ionization properties of star
forming regions across a wide H II region mass range. We will
use a small slicer mode to obtain high spectral (R=18,000) and
spatial resolution (0.35" or 1.2 pc) data in order to study
resolved kinematics of H II regions in IC-10, and the large slicer
to obtain wide field of view (33" x 20.4") IFS data with broader
wavelength coverage providing measurements of metallicity
lines. IFS observations of ionized gas in hundreds of H II
regions in IC-10 will provide a key local sample needed to
constrain the size-luminosity scaling relationship of star
forming regions. Employing the same IFS analysis methodology
used at high-redshift will ensure a consistent comparison
sample in the previously unexplored parameter space of small
star forming regions (< 100pc). Velocity dispersion
measurements of IC-10 H II regions will increase the available
data allowing for robust investigation into the kinematic
dependence of the star forming scaling relationships. At the
completion of this survey we will be able to generate a 3D IFS
data cube across the central region of IC-10 providing a unique
legacy data set which will be made publicly available for
auxiliary science.

Author(s): Shelley A. Wright, Gregory Walth, Andrey Vayner,
James E. Larkin, Norman Murray, Maren Cosens, Lee Armus
Institution(s): University of California, San Diego, Carnegie
Observatories, Center for Astrophysics and Space Sciences,
UCSD, Canadian Institute for Theoretical Astrophysics,
University of Toronto, Spitzer Science Center, California
Institute of Technology, Univers

115.05 - Multi-wavelength source reconstruction of
gravitationally-lensed Planck-selected sub-mm
galaxies(Patrick Kamieneski)

At z > 1, a heavily dust-enshrouded population of star-forming
galaxies may be observed. These submillimeter galaxies (SMGs)
exhibit rapid conversion of gas into stars, with star formation
rates reaching 100 - 1000 Msun/yr or greater. To adequately
understand the physical processes fueling this stellar mass
buildup, a resolution better than 100 pc is essential, requiring
~10 milliarcsec resolution for a z ~ 3 object-unachievable with

any existing telescopes, except perhaps ALMA.In recent years,
strong gravitational lensing has been used to the observer’s
advantage by circumventing these fundamental diffraction
limits. We will present lens modeling results for a small subset
of our sample of 28 Planck-selected lensed SMGs. In particular,
we will apply our model to recent 6-GHz JVLA observations,
combined with existing HST/WFC3 H160 imaging and ALMA
CO(3-2)/dust continuum observations. Together, these
observations probe the relative distribution of gas, dust, recent
star formation, and existing stellar mass at high resolution.
This, paired with CO spectral line kinematics, allows an initial
interpretation of the galaxy structure and fueling of star
formation for the SMGs in our sample. In particular, we will
explore if the galaxies show signatures of an ongoing merger or
an ordered rotating disk.

Author(s): Brenda Frye, Patrick Kamieneski, Min Yun, James
D. Lowenthal, Daniel Wang, Kevin Harrington
Institution(s): University of Massachusetts Amherst, Max
Planck Institut fur Radioastronomie/Argelander Institut fur
Astronomie, Smith College, University of Arizona

115.02D - Detailed studies of ACT gravitationally
lensed dusty star-forming galaxies using NOEMA CO
mapping and HST imaging(Jesus Rivera)

Dusty star-forming galaxies (DSFGs) contribute significantly to
the cosmic star-formation history of the universe, and are likely
progenitors of nearby elliptical galaxies; however, they are
challenging to study in detail, in part because their dusty nature
makes them difficult to localize at optical wavelengths. Large-
area surveys from far-infrared through millimeter wavelengths
have proved to be effective at identifying DSFGs that are
unusually bright, and thus easier to study, because they are
highly gravitationally lensed. I will present new results on
DSFGs selected from a survey of a 470 deg2 equatorial field
with the Atacama Cosmology Telescope (ACT), focusing on two
systems with spatially resolved mapping of CO(3-2) emission
from the Northern Extended Millimeter Array (NOEMA) as well
as Hubble Space Telescope (HST) imaging. Lens modelling
using a pixel-based algorithm that can be applied to multiple
independent velocity channels yields source-plane
reconstructions that support the characterization of the
morphologies physical conditions, and kinematics of these
extreme star-forming systems. I will also discuss the extent to
which differential lensing affects the results of these
analyses.This work has been supported by the National Science
Foundation through grant AST-0955810 and by NASA through
grant HST-GO-15160.001.

Author(s): Jesus Rivera

Institution(s): Rutgers, the State Universty of New Jersey

116 - AGN Black Holes I: A New Hope

116.01 - Using Spectroscopic Signatures of Sub-parsec
Supermassive Black Hole Binaries to Understand the
Loudest GW Sources in the Universe(Khai Nguyen)



Supermassive black hole binaries (SBHBs) are a natural
product of galaxy evolution and the loudest gravitational wave
(GW) sources in the universe. A lot of effort in this research
area is presently devoted to observational searches for close
SBHBs. Motivated by this, we have developed a method to
model and interpret the spectroscopic signatures of sub-parsec
SBHBs, which are direct progenitors of the GW binaries. The
goals of this work are to determine the properties of these
systems once a robust sample of binaries is available, and to test
one of the leading models of binary accretion flows in the
literature: a SBHB in a circumbinary disk. We model SBHB
accretion flows as a set of three accretion disks: two mini-disks
that are gravitationally bound to the individual black holes, and
a circumbinary disk. Given a physically motivated parameter
space occupied by sub-parsec SBHBs, we calculate a synthetic
database of over 40 million optical broad emission-line profiles
and explore the dependence of the profile shapes on
characteristic properties of SBHBs. We find that the modeled
profiles show distinct statistical properties as a function of the
semi-major axis, mass ratio, eccentricity of the binary, and the
degree of alignment of the triple-disk system. The profile
shapes are a more sensitive measure of the binary orbital
separation and the degree of alignment of the black hole mini-
disks, and are less sensitive to the SBHB mass ratio and
eccentricity. We also find that modeled profile shapes are more
compatible with the observed sample of SBHB candidates than
with our control sample of regular AGNs. Furthermore, if the
observed sample of SBHBs is made up of genuine binaries, it
must include compact systems with comparable masses, and
misaligned mini-disks.

Author(s): Khai Nguyen, Tamara Bogdanovic, Michael
Eracleous, Todd Boroson, Steinn Sigurdsson, Jessie Runnoe
Institution(s): Georgia Institute of Technology, Pennsylvania
State University, University of Michigan, Las Cumbres
Observatory

116.02 - Monsters on the move: A search for
supermassive black holes undergoing gravitational
wave recoil(Yashashree Jadhav)

It has long been assumed that Active Galactic Nuclei (AGN)
reside at the centers of their host galaxies, but is this really
true? A galaxy merger is expected to lead to the formation of a
supermassive black hole (SMBH) binary, which can shrink
through dynamical processes until it eventually coalesces
through the emission of gravitational waves. Such events fall
outside the frequency range of the LIGO/VIRGO gravitational
wave detectors and have not yet been detected through Pulsar
timing arrays. However, numerical relativity simulations show
that, depending on the initial spin-orbit configuration of the
binary, the merged SMBH receives a gravitational recoil kick
that may reach several 1000km/s. The kick causes the merged
SMBH to oscillate for up to 4" Y41 Gyr in the gravitational
potential well of the galaxy, during which, the recoiling SMBH
may be observed as a “displaced” AGN. Displacements 4" 410-
100pc may be expected even in nearby elliptical galaxies and
can be measured as spatial offsets in high resolution

optical/infrared images. We present the results of a study of
4"Y4100 early type active galaxies, in which isophotal analysis
was conducted using Hubble Space Telescope archival and new
optical/near-infrared images. We find evidence for significant
spatial offsets between the position of the AGN and the
photocenter of the galaxy in about 20% of the sample. We
discuss our results in the context of the gravitational recoil
hypothesis and also consider alternative displacement
mechanisms. Establishing the distribution of displacement
amplitudes of offset SMBH systems in the nearby universe will
place constraints on the SMBH binary merger rate, galaxy
merger rates and provide new insights into the interactions
between SMBH and their host galaxies.

Author(s): Davide Lena, Bryanne Mcdonough, Andrew
Robinson, Yashashree Jadhav

Institution(s): Rochester Institute of Technology, SRON

116.03 - Spectroscopic Tests Of The Bound, Binary
Supermassive Black Hole Hypothesis For Quasars
With Broad Balmer Lines With Single And Double
Displaced Peaks(Michael Eracleous)

Supermassive black hole binaries are a seemingly inevitable
product of hierarchical galaxy evolution scenarios where
galaxies and their supermassive black holes grow by mergers
and accretion. Kiloparsec separation dual AGNs represent the
early stages of this process. But the sub-parsec separation,
bound binaries that are the late stages of the process have so far
eluded observation. The detection of this population is
important, because at the smallest separations they become
bright sources of low-frequency gravitational waves. The
efficiency with which binaries evolve to coalescence is critical
for calculating gravitational wave event rates and can be
determined by tracking the flow of systems through their
evolutionary stages. Thus, we have undertaken a search for
supermassive black hole binaries among two populations of
quasars based on the hypothesis that one or both of the black
holes are active and that the radial velocity curves of the broad
emission lines trace orbital motion by analogy with single- or
double-lined spectroscopic binary stars. Our search comprises a
spectroscopic monitoring campaign to look for orbital motion
in the radial velocity curves of the broad Balmer lines. The
radial velocity curves for the "single-lined" candidates now
include typically 3-4 epochs per object over a period of up to 12
years in the observer’s frame. From these we derive limits on
the masses and separations of the hypothesized. These
constraints do not yet allow us to rule out the binary hypothesis
and we outline the necessary steps to making them more
restrictive based on continued monitoring. We have also tested
the scenario that quasars with broad, double-peaked Balmer
lines represent "double-lined" candidates. For this test we used
radial velocity curves spanning several decades, fitted them
with elliptical orbit models, and employed an empirical
prescription to describe radial velocity jitter. The resulting
lower limits on the black hole masses are often unrealistically
high, which leads us to disfavor this hypothesis for this subset
of quasars.



Author(s): Jia Liu, Anh Nguyen Duy Doan, Jules Halpern,
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University of the Pacific, Georgia Institute of Technology

116.04 - The Accretion History of AGN: Supermassive
Black Hole Population Synthesis Model(Tonima
Tasnim Ananna)

As matter accretes onto the central supermassive black holes in
Active Galactic Nuclei (AGN), X-rays are emitted. We present a
population synthesis model that accounts for the summed X-
ray emission from growing black holes; modulo the efficiency of
converting mass to X-rays, this is effectively a record of the
accreted mass. We need this population synthesis model to
reproduce observed constraints from X-ray surveys: the X-ray
number counts, the observed fraction of Compton-thick AGN
[$\log$ (N$_{\rm H}$/cm$"{\rm -2}$) $>$ 24] and the
spectrum of the Cosmic X-ray " “background" (CXB), after
accounting for selection biases. Over the past decade, X-ray
surveys by {\it XMM-Newton}, {\it Chandra}, {NuSTAR} and
{Swift}-BAT have provided greatly improved observational
constraints. We find that no existing X-ray luminosity function
(XLF) consistently reproduces all these observations. We take
the uncertainty in AGN spectra into account, and use a neural
network to compute an XLF that fits all observed constraints,
including observed Compton-thick number counts and
fractions. This new population synthesis model suggests that,
intrinsically, 50$\pm$9\% (56$\pm$7\%) of all AGN within z
$\simeq$ 0.1 (1.0) are Compton-thick.

Author(s): Claudia Megan Urry, Johannes Buchner, Tonima
Tasnim Ananna, Michael Tremmel, Allison Kirkpatrick,
Ezequiel Treister, Claudio Ricci, Stephanie LaMassa
Institution(s): Yale University, Nucleo de Astronomia
Universidad Diego Portales, Pontifical Catholic University of
Chile, Space Telescope Science Institute

116.05 - Intensive Accretion Disk Reverberation
Mapping Using Swift and Ground-based Telescopes
For Three Seyfert 1 Galaxies(Dale Mudd)

Reverberation mapping has proved to be an invaluable
technique to probe the innermost regions of active galactic
nuclei by using temporal resolution in place of spatial
resolution on these small physical scales. This has been
primarily used to measure time delays of the emission lines in
the broad line region and estimate supermassive black hole
masses, but recently photometric reverberation mapping has
also started providing insights into the accretion disk around
the black hole as well. We will highlight results from ground-
based campaigns targeting Mrk 509, NGC 4151, and NGC 4593

in the BVRI as well as ugriz filters. These objects were
simultaneously monitored with The Neil Gehrels Swift
Observatory. Combining these resources, these AGN have
roughly daily photometry over the course of several months that
spans X-rays through near-IR wavelengths in up to 15
bandpasses, with the UV and longer wavelengths covering
approximately 1600-12000A. From this, we measure
wavelength-dependent time delays across the AGN accretion
disk and provide new information on accretion disk sizes.
These delays include contributions from the accretion disk
itself, and from emission lines and diffuse continuum emission
from the broad line region. We use new and archival Hubble
Space Telescope spectra to determine the relative contributions
of disk and BLR emission to each photometric bandpass and
carry out simulations to estimate the time delays resulting from
the accretion disk component alone.

Author(s): Aaron Barth, Thomas Schmidt, Diego Gonzalez
Buitrago, Dale Mudd

Institution(s): University of California Irvine Contributing
Team(s): Intensive AGN Accretion Disk Reverberation Mapping
Project

116.06 - The Cosmic Evolution of Relations between
black hole mass and total galaxy stellar mass up to
z~3(Hyewon Suh)

A key unknown question is how black holes and their host
galaxies establish such tight correlations in the local universe.
We explore the evolution of relationship between black hole
mass and host galaxy stellar mass out to z~3, a critical epoch of
growth of both black holes and galaxies, using a sample of ~100
broad-line AGNs in the Chandra-COSMOS Legacy Survey.
Thanks to the extensive multi-wavelength photometry available
in the COSMOS field, we derive host stellar mass via a multi-
component SED-fitting. The black hole masses are estimated
via virial techniques using the broad Halpha, Hbeta, and MgII
emission lines from the Keck/DEIMOS and Subaru/FMOS
spectroscopy. We find that at a given total stellar mass, our
sample of AGN host galaxies at 1<z<3 occupy a region below the
inactive sample of local early-type galaxies in the Mbh-Mstellar
plane. This indicates that AGN host galaxies beyond the local
universe has a black hole-to-total stellar mass ratios that is
lower by an order of magnitude, in contrast to the predictions of
cosmological simulations that individual black holes tend to
grow faster than their host galaxies. We also find that both the
AGN luminosity and SFR generally increase towards the high
stellar mass, while both the Mstellar dependence is weaker
towards the high-mass end, which could be interpreted as a
consequence of quenching both the star formation and AGN
activity in massive galaxies.

Author(s): Guenther Hasinger, Hyewon Suh, Francesca Maria
Civano

Institution(s): Subaru Telescope, NAOJ, Harvard-
Smithsonian CfA, ESA/ESAC



116.07 - Mapping Supermassive Black Hole Growth
with SDSS-RM(Jonathan R. Trump)

I will present the latest results from the pioneering new Sloan
Digital Sky Survey Reverberation Mapping (SDSS-RM) project,
the first multi-object reverberation mapping campaigns. Time-
domain monitoring of quasars is the only way to directly
measure black hole mass and accretion-disk structure beyond
the local Universe. This makes reverberation mapping projects
vital for measuring black hole demographics and growth over
cosmic time. In contrast to the focused, single-object mode of
reverberation mapping in past work, SDSS-RM has been
simultaneously monitoring 850 quasars in spectroscopy and
photometry since 2014. Already SDSS-RM has dramatically
expanded the number of quasars with reliable black hole
masses: doubling the total number and producing the first
robust sample of black hole masses at z>0.3. SDSS-RM will
continue in the 2020s as the Black Hole Mapper key project of
SDSS-V. I will also discuss how the photometric echo mapping
of SDSS-RM is a pathfinder for LSST, paving the way for direct
accretion-disk sizes of thousands of quasars.

Author(s): Keith Horne, Jonathan R. Trump, Neil Brandt,
Yasaman Homayouni, Catherine Grier, Yue Shen
Institution(s): University of Connecticut, University of
Illinois, University of Arizona, Penn State, St Andrews
Contributing Team(s): SDSS-RM collaboration

117 - HAD II: Astronomical History: The
Early Years

117.01 - The Significance of Zero in Hindu and Mayan
Cosmologies(Aparna Venkatesan)

The invention of the number zero in the cultures of India and
central America had a profound impact not only on the
development of mathematics, astronomy, and science
worldwide, but on Hindu and Mayan worldviews and cultural
practices. Here we present emerging results from our ongoing
research on the independent invention of zero in Hindu and
Mayan cultures, and how it shaped their cultural/spiritual
perspectives. We suggest that the development of their complex
calendars and unique cosmologies, involving timescales over
many orders of magnitude and running up to billions or
trillions of years, is intimately tied to the discovery of zero, and
directly led to these cultures' distinctive sense of place and
relation to an ever-evolving cyclic universe.

Author(s): Aparna Venkatesan, Sonali Verma, Isabel Hawkins
Institution(s): University of San Francisco, San Francisco
Exploratorium Contributing Team(s): Aparna Venkatesan

117.02 - Zodiacal Light: From Holy Light to False
Dawn(George Latura)

“As the voice spoke, all at once, a shaft of holy light bound
together heaven and earth with its radiance.” (Euripides,
Bakkhai, trans. Mueller, 2005, p. 216). In Euripides’ play (c.

405 BCE), Dionysus manifests a “holy light.” Pindar links
Dionysus to “‘the holy light at summer’s end’ (trans. Race, 1997,
p- 381), which is best explained as the zodiacal light that is most
visible at the equinox.Although Cassini is credited with the
scientific discovery of the zodiacal light in Western Europe (c.
1680), this ethereal light had purportedly been known in
ancient times by Egyptians, Phoenicians, and others (Gandz,
1943).The Egyptians worshipped the god Sopt, or Sopdu, “Lord
of the East,” as the embodiment of the zodiacal light. Sopt™s
name was written with an upward-pointing triangle, the shape
of the zodiacal light (Gandz, 1939).The use of the zodiacal light
in the Egyptian solar cult was also proposed in a report in the
ARCE Journal (Gary, Talcott, 2006), where it was seen as the
herald of Ra returning from the underworld.A recent paper
hypothesized that the zodiacal light might have been the
astronomical component of the Mysteries of Eleusis that were
celebrated near Athens for a thousand years (Latura, 2018). The
Lesser Mysteries were held in the spring, while the Greater
Mysteries took place in autumn (Milonas, 1961). The zodiacal
light appears most prominently at the opposite equinoctial
seasons (Kelley, Milone, 2005), which suggests cultic
connections that were kept secret through oaths of silence
(Latura, 2014).In Arabia, the zodiacal light was known at least
since the time of Mohammed (c. 600 CE). Muslim tradition
(hadith) refers to the zodiacal light as the “‘false dawn’ or “tail
of the wolf” due to its vertical shape, as opposed to the true
dawn that appears horizontally. This information was
important because, during the month of Ramadan, devout
Muslims had to fast during the day, but could eat at night.
Knowledge of the zodiacal light was necessary so that the
faithful would know the correct time when eating stops and
prayer begins: the true dawn.What cultural forces might have
shaped the journey of the zodiacal light from holy light to false
dawn?

Author(s): George Latura

Institution(s): independent researcher

117.03 - Greek Development of the Stellar Magnitude
System: A New Interpretation(Clifford Cunningham)

A long-standing misinterpretation of a text by Hipparchus on
stellar magnitudes leads to the conclusion Ptolemy employed
two different systems to describe stellar brightness. The scale of
6 magnitudes employed by Ptolemy was based on Manilius'
Astronomicon (c. 10-20 CE), not that of Hipparchus as many
modern texts claim. The numerical magnitudes Ptolemy
incorporated in his star catalogue, published as part of the
Almagest (c. 150CE), are at least partly his own, but descriptive
magnitudes derive from Hipparchus; his work, in turn, owes its
origin to Eudoxus. The inclusion of 'dark stars' in Ptolemy's
catalogue has been noted by a few scholars, but never
explained; the lack of literature on such an important topic is
extraordinary. 'Dark star' is an example of a descriptive
magnitude that enters the work of Ptolemy from Eudoxus; the
research presented here offers the first explanation of 'dark
stars'. The description of a particular small group of stars as
dark and nebulous noted by Ptolemy is traced to its origin in a



Babylonian tablet that recorded astronomical information
dating to the 12th century BCE, thus establishing for the first
time a transmission of descriptive magnitudes spanning more
than 1,200 years.

Author(s): Clifford Cunningham

Institution(s): University of Southern Queensland

117.04 - Viking Sunstones for Celestial Navigation
Were Certainly Not Crystals of Calcite or
Cordierite(Bradley E. Schaefer)

Viking sagas from medieval Iceland tell of a celestial navigation
aid called a Sunstone, used to find the Sun's position on a
cloudy day. No useful textual/archaeological/ethnographic
evidence exists, so we do not know the nature of the Sunstones.
In 1967, T. Ramskou speculated that the Sunstone was a crystal
of calcite or cordierite, used to measure the direction of
polarization in the sky, with this pattern pointing out the Sun's
position. Singly scattered sunlight is polarization perpendicular
to the Sun's direction. This is easily seen by holding a modern
polarizing filter up to the eye and rotating it until the blue
skylight is darkest to get the orientation. To test Ramskou's
speculation, I have made extensive tests with many crystals,
many configurations, and many cloud conditions, all
throughout the North Atlantic around Iceland and Greenland.
In practice, the basic crystals work poorly in perfectly blue
skies, with it working better for anachronistic configurations
involving pinholes. When the clouds allow only small holes of
blue sky, the crystals fail. At the same time, in practice, the real
position of the Sun is always obvious from simple naked eye
observations, e.g., from seeing bright patches of sky, shadows
on cloud edges, and crepuscular rays. With no blue patches of
sky, the crystals fail, and even the polarizer filters fail. In cloud
or fog conditions with no blue skies but broken or not-thick
clouds, the position of the Sun is usually obvious from various
light and dark areas in the sky or on the sea, albeit with only
~30A° accuracy. If the clouds have no holes and are thick, then
no method has any chance of working. I conclude that crystals
can be used to determine the direction to the Sun only when the
sky has large blue patches, in which case the position of the Sun
is always easily seen directly. In cases with small blue patches
or not-thick clouds, the crystals do not work, but visual
examination of the sky will show the Sun's position with useable
accuracy. No method works when the clouds are thick and non-
broken. This is all to conclude that "Sunstones were not
crystals”.

Author(s): Bradley E. Schaefer

Institution(s): Louisiana State University

117.05 - Disappearing the Milky Way in Medieval
Europe(George Latura)

Ancient astronomical knowledge of the Milky Way survived in
medieval Western Europe through Martianus Capella’s
Marriage of Philology and Mercury and Macrobius’

Commentary on the Dream of Scipio (McCluskey, 1998).But
these texts also transmitted a Platonist belief that ecclesiastical
authorities found disturbing - the pagan belief that the celestial
abode of virtuous souls was the Milky Way (according to
Macrobius, Martianus Capella, Porphyry, Numenius, Manilius,
Ovid, Cicero, and a student at Plato’s Academy, Heraclides of
Pontus).Twelfth-century Chartrian scholars who delved into
related Platonist matters were censured, and at times, accused
of heresy (Dutton, 2006; Ellard, 2007).Various strategies
evolved to combat the perceived threat of the Platonist Milky
Way. Michael Scot (c. 1225) hung the label “Demon
Meridianus’ on the Milky Way (Bertola, 2003; Harris, 2012) in
an attempt to demonize it. Sacrobosco, whose De Sphaera was
one of the most popular astronomical university texts of the era,
ignored the Galaxy altogether (see Thorndike, 1949), as if it
simply did not exist.But the most effective tactic would be
provided by Plato’s other student, Aristotle, who had removed
the Milky Way from the heavens and placed it in the sublunary
atmospheric region (Meteorologica, trans. Lee, 1916, pp. 57-
63).Perusing Moerbeke’s new translations of Aristotle’s works
from Greek (c. 1260), Aquinas adopted Aristotle as The
Philosopher, displacing Plato from that lofty position. This coup
introduced an anti-Platonism that lasted for centuries and that
scholars still find difficult to comprehend (Hankins, 1996).The
status of the Milky Way might provide a key to this puzzle. On
the Platonist side, the Milky Way was a celestial phenomenon.
On the Aristotelian side, it was an atmospheric phenomenon.
How could this dilemma be resolved?Enter Galileo who, with
his telescopic observations (Sidereus Nuncius, 1610), placed the
Milky Way squarely among the stars.

Author(s): George Latura

Institution(s): independent researcher

117.06 - The Confluence of Some Ideas Used by
Copernicus in De Revolutionibus(Kevin Krisciunas)

Copernicus (1473-1543) first became familiar with ancient
Greekastronomy via the Epitome of Ptolemy's Almagest by
Georg Peurbach andRegiomontanus (ca. 1463); the full
translation of the Almagest was published inVenice in 1515. The
Almagest had been translated into Latin by Gerard of Cremona
and Galibthe Mozarab. This was completed in Toledo about
1175. How do we knowthis? From an eyewitness account by the
Englishman Daniel of Morley.Copernicus's great book contains
a diagram almost identical to one in awork of Nasir al-Din al-
Tusi (1201-1274), the founder of the MaraghaObservatory.
Copernicus also uses a lemma attributed to a secondastronomer
who worked in Maragha, Mu'ayyad al-Din al-Urdi (d.
1266).There is evidence that the insights of the Maragha school
became known inByzantium thanks in part to the efforts of
Gregory Chioniades (ca.1240-1320). Copernicus's model of the
motion of the Moon is identical tothat of Ibn al-Shatir (1304-
1375). How much Copernicus's model of themotion of Mercury
is similar to that of Ibn al-Shatir is controversial.Recent
investigations concerning the Jewish scholar Moses Galeano,
wholived in Constantinople, Crete, and the Veneto, lend
credence to thenotion that the insights of the Maragha school



reached Padua in the years1497 to 1502 thanks to Galeano. This
overlaps the very years thatCopernicus studied astronomy in
Padua. Thus, we now understand howsome of the building
blocks used by Copernicus were obtained by histeachers or
directly by him.

Author(s): Kevin Krisciunas

Institution(s): Texas A&M University

117.07 - The Path to Newton: An Interactive
Infograhpic(Alyssa Ann Goodman)

"The Path to Newton" is a new interactive infographic designed
to tell the backstory of how the findings and ideas of observers,
natural philosophers and scientists interacted in order to
ultimately permit Newton to make his theory of gravity. The
graphic includes images (and hyperlinked profiles) of dozens of
scientists and their scholarly works, and it shows the linkages
between their ideas. Some ideas are called out as steps "toward"
Newton, and others as less helpful. The work was motivated by
a new online edX educational resource, PredictionX (see
predictionx.org) that covers the history of how humans have
predicted their futures, from Ancient Babylonian times up to
the present. The central piece of PredictionX focuses on the
evolution from detailed observations and record keeping (e.g. in
Ancient Mesopotamia or Egypt) to empirically-based
mathematical explanations (e.g. Ptolemy or Kepler) to truly
physical, predictive, theory (Newton). In addition to calling out
individuals and their ideas, the piece also highlights evolution
in mathematics and instrumentation that allowed for progress
along the path. The Path to Newton crosses through many
cultures and regions, starting in Ancient Mesopotamia,
traversing Ancient Egypt and Greece, then India and the
Islamic world, and then finally Europe. While the piece was
originally intended to be experienced online, as its elements are
linked to rich background material, it makes a fabulous large-
format printed poster, which will be displayed at the American
Astronomical Meeting.

Author(s): Alyssa Ann Goodman, Jais Brohinsky, Katie Peek,
Drew Lichtenstein

Institution(s): Harvard University, Freelance Designer,
Radcliffe Institute for Advanced Study

117.08 - William Herschel's universe as illustrated
through his studies of comets and the Moo(Woodruff
Sullivan)

The remarkable astronomical career of William Herschel (1738-
1822) is too often characterized as simply that he (1) discovered
Uranus, (2) made big telescopes, and (3) cataloged star clusters
and nebulae. But he did far more, and in this talk I will argue
that, for example, his detailed observations and interpretations
of several major comets and of the Moon illustrate virtually all
aspects of the cosmos as he understood it. Herschel's
unified universe was teleological, ordered, and ubiquitously
inhabited. These principles, when combined with his

indefatigable decades of observation, led him to two more
fundamental properties of the universe: it was active and
changing, and vastly extended in time and space. With his
unifying concept of a planet (meaning something much broader
than today's definition), he brought together almost all of the
objects and phenomena that he observed inside and outside the
solar system.

Author(s): Woodruff Sullivan

Institution(s): University of Washington, Seattle

117.09 - Explaining Algol: Eclipses or Spots?(Linda
French)

On 12 November 1782, 18-year-old John Goodricke was
astonished to find the star Algol (Beta Persei) more than a
magnitude fainter than usual. He wrote in his journal:"This
night I looked at Beta Persei and was much surprised [sic] to
find its brightness altered-It now appears of about the
4thmagnitude”|I observed it diligently for about an hour-I
hardly believed that it changed its brightness because I never
heard of any star varying so quickly in its brightness. I thought
it might perhaps be owing to an optical illusion, a defect in my
eyes, or bad air, but the sequel will show that its change is true
and that I was not mistaken." (Goodricke Journal)Goodricke
and his friend and mentor Edward Pigott were searching for
variable stars. In their time, only Mira (Omicron Ceti) had been
well studied. Mira’s known period of variation of approximately
11 months explains Goodricke’s surprise at a star varying over a
period of hours.The two went on to determine a time between
dimming episodes of 2 days 20 hours, and 49 seconds. In his
report, Goodricke concluded:"I should imagine [Algol’s
variation] could hardly be accounted for otherwise than either
by the interposition of a large body revolving round Algol, or
some kind of motion of its own, whereby part of its body,
covered with spots or such like matter, is periodically turned
towards the Earth." (Goodricke, Phil. Trans.)Through
spectroscopy, Vogel (1889) was able to show that Algol is a true
binary star. In the time of Goodricke and Pigott, spectroscopy
was not available, and no stars had yet been confirmed to be
binaries. Astronomers had seen sunspots, however, and so the
spot hypothesis gained favor.The circumstances surrounding
the discovery of Algol’s variation, its announcement to the
scientific community (including a report read by William
Herschel in a pub!), and the evolution of the accepted
hypotheses to explain the variation will be discussed.
Author(s): Linda French

Institution(s): Illinois Wesleyan University

118 - Plenary Prize Lecture: Dannie
Heineman Prize: The Dawn of Gravitational
Wave Astrophysics, Vicky Kalogera

(Northwestern University)
118.01 - The Dawn of Gravitational Wave
Astrophysics(Vasiliki Kalogera)



The detection of gravitational waves by ground-based
interferometric detectors has by now revealed a previously
unobseved population of merging black holes and has firmly
linked the mergers of neutron stars with gamma-ray bursts and
heavy element production. I will summarize the most current
graviational-wave discoveries, the measured physical properties
of the compact objects involved and how these measurements
enable us to probe the astrophysics of compact objects,
constrain models of massive-star evolution. I will conclude with
our near-term and long-term expectations for further
discoveries as the sensitivity of detectors continues to improve.
Author(s): Vasiliki Kalogera

Institution(s): Northwestern U

121 - Beyond Photons: Astronomy in the

Multi-messenger Era

121.01 - Supermassive black-hole demographics in the
era of multi-messenger nanohertz gravitational-wave
astronomy(Stephen Taylor)

Supermassive black holes lurk at the centers of massive
galaxies, and are themselves the most massive compact objects
in the Universe. Over cosmic time, galaxies grow through
accretion and mergers, such that in the post-merger phase they
harbor two supermassive black holes that spiral toward
coalescence through a variety of dynamical processes. The
subset of these with 108 - 1010 solar masses and orbital periods
of several years form the target population for pulsar-timing
array (PTA) experiments such as the North American
Nanohertz Observatory for Gravitational Waves (NANOGrav).
PTAs search for nanohertz gravitational-wave signals through
induced Doppler shifts to the arrival rate of radio-pulses from
millisecond pulsars. Many candidate binaries have been found
through traditional electromagnetic means, although the only
system with confidently detected multiple radio cores is too
widely separated for PTAs to detect. Likewise, the quasi-
variability of AGN in various photometirc surveys (e.g. CRTS,
PTF, and PanSTARRS) has produced many candidates, but
none whose variability is unambiguously tied to the presence of
a binary. I will review current efforts to find binary
supermassive black holes through PTA searches and targeted
multi-messenger campaigns, then discuss what current
constraints and future detections can unveil about massive
black hole demographics and the growth of galaxies.
Author(s): Stephen Taylor,

Institution(s): California Institute of Technology, Jet
Propulsion Laboratory Contributing Team(s): NANOGrav
Physics Frontier Center

121.02 - Supermassive black hole binaries in the era of
multi-messenger astrophysics(Tamara Bogdanovic)

Supermassive black hole binaries (SMBHBs) are a product of
galaxy mergers and progenitors of coalescing binaries,
considered to be the prime sources for future gravitational wave
(GW) detectors. Expectations for detection of gravitational

radiation from SMBHBs have recently been raised by the
success of the Laser Interferometer Gravitational-Wave
Observatory, by the increasing sensitivity of the Pulsar Timing
Arrays, and by selection of the Laser Interferometer Space
Antenna for a large-class mission in the European Space
Agency science program. In light of these developments, the
rates at which SMBHBs form and evolve to coalescence remain
important open questions in black hole astrophysics. Presently,
the best avenue to address them is through electromagnetic
observations and theoretical modeling. I will discuss how recent
and anticipated advances in multi-messenger observational
searches and modeling can help us to piece together the
evolution of SMBHBs from galactic mergers all the way to the
GW regime.

Author(s): Tamara Bogdanovic

Institution(s): Georgia Institute of Technology

121.03 - Future Prospects for Multimessenger
Astrophysics with Supermassive Black
Holes(Jonathan R. Trump)

Future Prospects for Multimessenger Astrophysics with
Supermassive Black HolesThe next two decades are bright for
pushing the boundary of multimessenger astrophysics from
stellar sources to supermassive black holes (SMBHs). As pulsar
timing arrays (PTAs) build up signal and start to reach the
(expected) low-frequency gravitational wave background,
several new surveys and observatories will open the way to
electromagnetic detection of the same close-separation
supermassive black holes. This begins in the early 2020s with
the Large Synoptic Survey Telescope (LSST) in time-domain
photometry and the SDSS-V Black Hole Mapper (SDSS-
V/BHM) project in time-domain spectroscopy. I will present
simulated lightcurve observations of both experiments,
demonstrating how the random (red-noise) variability of
quasars can mimic periodic variability, and forecasting the
number and parameter space of PTA+LSST multimessenger
detections. Going further into the future LISA era of
gravitational wave detection, I will briefly discuss how future
optical (Maunakea Spectroscopic Explorer), X-ray (Lynx), and
radio (ngVLA) observatories will contribute to a comprehensive
multimessenger view of supermassive black hole growth and
demographics.

Author(s): Jonathan R. Trump

Institution(s): University of Connecticut

121.04 - Cosmic Accelerators: Gamma Rays and
Neutrinos(Regina Caputo)

On September 22, 2017, the IceCube Neutrino Observatory and
the Large Area Telescope (LAT) on board the Fermi Gamma-ray
Space Telescope observed for the first time for an extremely
high-energy neutrino (IceCube-170922) in spatial and temporal
coincidence with a gamma-ray flaring blazar, TXS 0506+056.
Following the original IceCube alert, the source has been



observed by several telescopes across the electromagnetic
spectrum. The LAT reported an increase of the source’s gamma-
ray flux by a factor of ~6 compared to its average state.
Emission of very high-energy gamma-ray emission was then
observed by MAGIC observations. Triggered by these
detections, archival IceCube events, as well as multimessenger
data have been analyzed in order to better understand the
physics and the time-evolution of this blazar. In my talk I will
report on these observations and the implications for future
multimessenger observations.

Author(s): Regina Caputo

Institution(s): NASA/GSFC Contributing Team(s): Fermi-
LAT Collaboration

122 - Know Your Power: Understanding the
Distribution of Power throughout the

Academic Ecosystem
122.01 - The Know Your Power Project(KeShawn
Ivory)

The Know Your Power (KYP) Project seeks to identify the types
of power accessible to astronomers at each stage of the
academic path. By focusing our attention on the many paths
toward positive change as well as our collective knowledge, this
project hopes to a) provide a list of concrete actions for creating
inclusive spaces and b) lay the groundwork for sustainable
collaboration with regard to equity and inclusion. In this
Special Session, I will participate in a panel of astronomers and
professionals at various career stages about the power we find
accessible at our current and previous positions. The organizers
will then facilitate small group discussions about understanding
one's own power, how to hold oneself accountable, and how we
can work together as a community to achieve our goals.
Throughout the Special Session, organizers will consolidate the
proposed ideas and later publish them in the KYP Living
Document (https://tinyurl.com/ybpsxkpm).

Author(s): KeShawn Ivory

Institution(s): Rice University

Dara Norman

Author(s):
Institution(s):

I. Introduction + Context
Author(s):

Institution(s):
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Author(s):
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III. Group Discussion

Author(s):
Institution(s):

IV. Regroup + Review

Author(s):
Institution(s):

Lia Corrales

Author(s):
Institution(s):

Sinclaire Manning

Author(s):
Institution(s):

123 - Extrasolar Planets: Characterization &
Theory Track 1: II. Measurements and

Models of Giant Planet Atmospheres B
123.01 - Taking the Temperature of a Lava
Planet(Laura Kreidberg)

We present new Spitzer observations of the thermal phase curve
of K2-141b, an ultra-short period terrestrial planet (USP). With
an orbit of just 6.7 hours, this world is blasted with stellar
radiation that is expected to obliterate any traces of a
primordial atmosphere and melt the dayside surface into a lava
ocean. Previous observations of USPs have yielded several
surprising results, including the measurement of an offset
hotspot in the thermal phase curve of 55 Cancri e, which may
indicate a thick atmosphere has survived, and a high Bond
albedo for Kepler-10b, which suggests the presence of unusually
reflective lava on its surface. K2-141b provides a unique
benchmark for comparison with these other systems because it
the only USP with phase curve measurements in the optical
(from K2) and infrared (from Spitzer). These observations can
therefore break the degeneracy between signatures of reflected
light and atmospheric circulation, shedding new light on the
nature of atmospheres on USPs.



Author(s): Luca Malavolta, Roxana Lupu, Laura Kreidberg,
Nicolas Cowan, Kevin Stevenson, Tom Louden
Institution(s): Harvard University, University of Padova,
McGill University, NASA Ames Research Center, University of
Warwick, Space Telescope Science Institute

123.03 - The Universal Presence of Nightside Clouds in
Spitzer Phase Curve Observations of Hot
Jupiters(Thomas Beatty)

We recently observed two full orbital phase curves of the 27 MJ
transiting brown dwarf KELT-1b using the Spitzer Space
Telescope. Both the day-night temperature contrasts and the
hotspot offsets we measure for KELT-1b are in line with the
trends seen by Spitzer in lower mass hot Jupiters, despite the
fact that KELT-1b should have an atmospheric advective
timescale substantially longer than in a typical hot Jupiter at
Spitzer wavelengths. We therefore suggest that nightside clouds
are playing a noticeable role in modulating the thermal
emission from all hot Jupiters, based on these observations
and: 1) the lack of a clear trend in phase offsets with
equilibrium temperature, 2) the sharp day-night transitions
needed to have non-negative intensity maps, 3) the fact that all
the nightsides of these objects appear to be at roughly the same
temperature of 1050K, while the dayside temperatures increase
linearly with equilibrium temperature, and 4) the trajectories of
these objects on a Spitzer color-magnitude-diagram, which
show colors explainable via nightside clouds.

Author(s): Thomas Beatty, Adam P Showman, B. Scott Gaudi,
Jonathan Fortney, Knicole Colon, Mark Marley
Institution(s): University of Arizona, Ohio State University,
NASA Ames, UC Santa Cruz, NASA Goddard

123.04 - The effect of disequilibrium carbon chemistry
on the atmospheric circulation and phase curves of hot
Jupiters(Maria E Steinrueck)

On hot Jupiter exoplanets, strong horizontal and vertical winds
are expected to homogenize the abundances of the important
absorbers CH4 and CO much faster than chemical reactions can
restore chemical equilibrium. This effect is called quenching
and is typically neglected in general circulation models (GCMs).
Quenching of CH4 and CO has been suggested as explanation
for discrepancies between observed infrared lightcurves and
those predicted by GCMs: On the nightsides of several hot
Jupiters, GCMs predict outgoing fluxes that are too large,
especially in the Spitzer 4.5 microns band. We modified the
SPARC/MITgcem to mimic quenching of CH4, CO and H20 by
assuming that the CH4/CO ratio is constant throughout the
simulation domain. The water abundance is adjusted
accordingly, such that the total number of oxygen atoms is
conserved. We ran simulations of hot Jupiter HD 189733b with
8 CH4/CO ratios ranging from 0.001 to 100. In the more likely
CO-dominated regime, we find temperature changes around 50
K compared to the equilibrium chemistry case across large

regions and higher temperature changes in very localized
regions. In the CH4-dominated regime, which is less favored by
chemical kinetics models, temperature changes are even larger.
This effect is large enough to affect predicted emission spectra
and should thus be included in GCMs of hot Jupiters with
equilibrium temperatures below roughly 1300 K. Furthermore,
we find that spectra in regions with strong methane absorption,
including the Spitzer 3.6 and 8 micron bands, are strongly
impacted by disequilibrium abundances. We expect chemical
quenching to result in much larger nightside fluxes in the 3.6
micron band, in stark contrast to observations. Meanwhile, we
find almost no effect on predicted observations in the 4.5
micron band, as the opacity changes due to CO and H20 offset
each other. We thus conclude that disequilibrium carbon
chemistry cannot explain the observed low nightside fluxes in
the 4.5 micron band. Other effects, for example, night side
clouds, must be responsible for the observed shape of the phase
curve.

Author(s): Maria E Steinrueck, Adam P Showman, Vivien
Parmentier, Roxana Lupu, Joshua Lothringer

Institution(s): University of Arizona, BAER Institute/NASA
Ames Research Center, University of Oxford

123.05 - A Spitzer Phase Curve of the Warm Neptune
GJ 436b(Kevin Stevenson)

GJ 436b is a ~770 K planet on a slightly eccentric 2.64 day orbit
and is currently the only warm Neptune with a definitive
thermal emission constraint. With the successful launch of the
James Webb Space Telescope (JWST), guaranteed time
observations will obtain its thermal emission spectrum and
establish GJ 436b as a benchmark object for the population of
Neptune-size planets that are currently being discovered by
TESS and likely to be characterized by JWST in the coming
years. We will present results from a full-orbit phase curve
observation of GJ 436b using the Spitzer Space Telescope at 3.6
microns. Specifically, by combining the measured nightside
fluxes at 3.6 and 8.0 microns, we will discuss constraints on the
planet's tidal heating and metallicity. We will also revisit the
existence of a previously-reported sub-Earth-size planet
candidate within the system.

Author(s): Nikole Lewis, Ian Crossfield, Adam P Showman,
Michael R. Line, Caroline Morley, Jonathan Fortney, Kevin
Stevenson, Vivien Parmentier

Institution(s): Space Telescope Science Institute, University
of Oxford, MIT, UC Santa Cruz, Cornell University, Arizona
State University, University of Arizona, University of Texas at
Austin

123.07 - Investigating three-dimensional cloud
properties of a nine hot Jupiter sample(Tiffany
Kataria)

Observations of hot Jupiters have shown that clouds and hazes
are ubiquitous in their atmospheres, but the properties of these



clouds vary significantly from planet to planet. Three-
dimensional general circulation models (GCMs) for these
planets show that the circulation and temperature structure,
both of which influence cloud formation and transport, varies
as a function of planet radius, gravity, orbital period, and
equilibrium temperature. However, which of these most
strongly influence cloud formation in hot Jupiters has been
largely unexplored over a systematic sample. Here we utilize
previous 3D GCM results of a nine-planet hot Jupiter sample to
produce 3D cloud maps using a simplified cloud scheme. We
examine trends in cloud types and cloud distributions that arise
from differences in each planet’s physical properties, and
explore how they influence the pressures probed by
spectroscopy. We utilize our GCM results to derive “‘cloudy’
transmission spectra in 1D (spatially-averaged) and 3D that we
compare to existing Hubble and Spitzer Space Telescope data.
In doing so, we can assess the degree to which considering the
3D structure is necessary to interpret these and future
observations. We also highlight the differences in cloud
properties between leading and trailing limbs, each of which
contribute equally to a planet’s overall transmission spectrum,
but can exhibit different spectral signatures. These and future
analyses will have large implications for the cloud properties
that can be explored with future facilities, such as the James
Webb Space Telescope.

Author(s): David Sing, Hannah R Wakeford, Natasha E
Batalha, Tiffany Kataria, Nikole K Lewis, Heather Knutson,
Jonathan Fortney

Institution(s): JPL/Caltech, UCSC, Space Telescope Science
Institute, Cornell University, California Institute of
Technology, Johns Hopkins University

123.02D - A Uniform Analysis of Exoplanet
Atmosphere Spectra Observed by HST WFC3 Is
Consistent with Watery Worlds(Christina L Hedges)

Archival data can provide a wealth of new information when
revisited, either by utilizing new and updated analysis
techniques, or by using the archive as a whole for a uniform
analysis. The Hubble Space Telescope has provided the
community with more than 1500 orbits observing exoplanet
atmospheres with IR instrument Wide Field Camera 3,
generating a diverse and valuable archive. These observations
have been used to show robust detections of water absorption in
the upper atmospheres of hot Jupiters. In my recent PhD
dissertation I use this archival HST data with updated
techniques to make new inferences, and intercompare
exoplanet atmospheres of hot Jupiters. As part of my PhD I
developed routines for uniformly reducing and analyzing this
dataset. As part of this analysis I found robust evidence that the
HST archive shows evidence of water across a variety of planet
types, consistent with simple theoretical models. In this talk I
will discuss the results of this intercomparison, how to access
this software, and future directions for this work. I will also
discuss preliminary results from my new HST program to
investigate the atmosphere of exoplanet GJ 9827b, a small
planet on the rocky/gaseous boundary orbiting a nearby M star.

Author(s): Christina L Hedges, Simon Hodgkin
Institution(s): NASA Ames, Institute of Astronomy,
University of Cambridge, Bay Area Environmental Research
Institute

123.06D - New Avenues in Atmospheric Modelling of
Exoplanets(Siddharth Gandhi)

In this thesis I explore various aspects of atmospheric
characterisation of exoplanets with the primary goal of
understanding their chemical compositions and physical
processes. My research led to the development of new self-
consistent models of exoplanetary atmospheres, a new
paradigm for atmospheric retrievals of thermal emission
spectra, as well as chemical detections using both high-
resolution doppler spectroscopy as well as low-resolution
transit spectroscopy.We are entering the era of high-precision
and high-resolution spectroscopy of exoplanets. Such
observations require robust self-consistent spectral models
custom-built for exoplanets incorporating state-of-the-art
numerical methods, opacities and conditions not seen in the
solar system. I discuss a new self-consistent atmospheric
modelling code, GENESIS, which models radiative-convective
and chemical equilibrium atmospheres of exoplanets. I
investigate models of irradiated and non-irradiated planets over
a range of C/O ratios and metallicities to determine the spectra
and P-T profiles of such objects.I also built a new hybrid
retrieval code, HyDRA, capable of analysing the dayside
atmosphere of hot Jupiters from spectral observations. Such a
code was necessitated through the high precision observations
available in recent years. This retrieval model was coupled to
GENESIS to investigate deviation from chemical and radiative-
convective equilibrium processes. This has also been used to
detect H20 in the atmospheres of several hot Jupiters, as well
as the first detections of TiO, CO and Li in the atmospheres of
WASP-19b, WASP-18b and WASP-127b respectively.Finally, I
have used the GENESIS model to enable chemical detections of
molecular species using high resolution Doppler spectroscopy
of hot Jupiters. I generated high resolution emission spectra of
the hot Jupiter HD209458b for cross correlation with the data
obtained with the VLT CRIRES spectrograph. This helped us
find evidence for H20, CO and HCN in the atmosphere. Such
model spectra are vital given that the era of high resolution
spectroscopy will lead to more detailed abundance constraints
and atmospheric detections in the future.

Author(s): Siddharth Gandhi

Institution(s): University of Cambridge

124 - Extrasolar Planets: Characterization &
Theory Track 2: IV. Giant Planet Formation

and Evolution
124.01 - The hot Jupiter period-mass distribution as a
signature of in situ formation(Elizabeth Bailey)

More than two decades after the widespread detection of
Jovian-class planets on short-period orbits around other stars,



their dynamical origins remain imperfectly understood. In the
traditional narrative, these highly irradiated giant planets, like
Jupiter and Saturn, are envisioned to have formed at large
stello-centric distances and to have subsequently undergone
large-scale orbital decay. Conversely, more recent models
propose that a large fraction of hot Jupiters could have formed
via rapid gas accretion in their current orbital neighborhood. In
this study, we examine the period-mass distribution of close-in
giant planets, and demonstrate that the inner boundary of this
population conforms to the expectations of the in-situ
formation scenario. Specifically, we show that if conglomeration
unfolds close to the disk's inner edge, the semi-major axis -
mass relation of the emergent planets should follow a power
lawa a" M-2/7 - atrend clearly reflected in the data. We
further discuss corrections to this relationship due to tidal
decay of planetary orbits. Although our findings do not discount
orbital migration as an active physical process, they suggest
that the characteristic range of orbital migration experienced by
giant planets is limited.

Author(s): Elizabeth Bailey, Konstantin Batygin
Institution(s): Caltech

124.02 - Atmospheric mass loss due to giant impacts:
the importance of the thermal component for
hydrogen-helium envelopes(John Biersteker)

The Kepler mission revealed an abundance of planets
intermediate in size between Earth and Neptune with orbital
periods <100 days and hydrogen-helium (H/He) envelopes
comprising several percent of the planet's mass. Systems of
these close-in super-Earths display striking diversity in
planetary bulk density. Giant impacts are expected to play a role
in the formation of many of these worlds. Previous works,
focused on the mechanical shock caused by a giant impact, have
shown that these impacts can eject large fractions of the
planetary envelope, offering a partial explanation for the
observed spread in exoplanet densities. Here, we examine the
thermal consequences of giant impacts, and show that the
atmospheric loss caused by these effects can significantly
exceed that caused by mechanical shocks for H/He envelopes.
During a giant impact, part of the impact energy is converted
into thermal energy, heating the rocky core and envelope. We
find that the ensuing thermal expansion of the envelope can
lead to a period of sustained, rapid mass loss through a Parker
wind, resulting in the partial or complete erosion of the H/He
envelope. The fraction of the envelope mass lost depends on the
planet's orbital distance from its host star and its initial thermal
state, and hence age. Planets closer to their host stars and
younger planets, which have rocky cores which are still hot and
molten from formation, are more susceptible to impact-
triggered thermal atmospheric loss. This is especially
interesting because giant impacts are expected to occur early,
10-100 Myr after formation. For planets where the thermal
energy of the core is much greater than the envelope energy
(envelope mass fractions roughly <8%) the impactor mass
required for significant atmospheric removal is Mimp/ Mp 4" Va
0.1, approximately the ratio of the heat capacities of the

envelope and core. For larger envelope mass fractions, complete
loss can occur when the impactor mass is comparable to the
envelope mass. Because of their stochastic nature, giant impacts
may provide a natural explanation for the observed range of
super-Earth densities.

Author(s): John Biersteker, Hilke E. Schlichting,
Institution(s): Massachusetts Institute of Technology,
University of California, Los Angeles

124.03 - The World is Spinning: Constraining the
Origin of Gas Giants using Planetary Spin(Marta
Bryan)

Over the past decade direct imaging searches for self-luminous
giant planets have uncovered an unexpected population of
young planetary-mass companions on extremely wide orbits
(>100 AU). The masses of these companions typically straddle
the deuterium burning limit, throwing into question whether
these are high mass planets or low mass brown dwarfs. These
wide-separation companions pose significant challenges to
three possible formation routes, namely core accretion, disk
instability, and turbulent fragmentation. In this talk I will
describe a program to directly test these three competing
formation mechanisms for wide-separation planets by
measuring their rotation rates using NIRSPEC/Keck NIR high-
resolution spectroscopy. Rotation rates of young gas giant
planets provide a unique window into planet accretion
histories, and can be used to test how they formed. With our
initial sample of rotation rates we placed the first constraints on
the spin distribution and angular momentum evolution in the
planetary-mass regime. With our expanded sample we aim to
test new trends with rotation rate, such as how they vary with
separation and mass ratio between the companion and host
star, and trace these back to potential formation histories.
Author(s): Brendan Bowler, Marta Bryan, Konstantin
Batygin, Heather Knutson, BjAfrn Benneke

Institution(s): Caltech, U Montreal, UC Berkeley, UT Austin

124.04 - The Spin-Orbit Misalignments of Hot Jupiters
May be Correlated with Stellar Companions, but Not
with Metallicity(Marshall C. Johnson)

Many hot Jupiters have been observed to have orbits that are
highly misaligned with respect to the stellar rotation, but the
origins of these misalignments are still unclear. A large number
of theoretical mechanisms have been proposed to generate
misaligned orbits, but observational constraints are lacking.
Many of these models are related to planet migration, and so by
distinguishing among these models we can obtain information
on planet migration. Planets around stars hotter than the Kraft
break are key for such work, as they should not have
experienced significant tidal damping of any primordial
misalignment. One proposed misalignment/migration
mechanism is the Kozai-Lidov effect, which requires the
presence of a distant stellar or planetary companion. We



present a new survey to test this mechanism by detecting stellar
companions to hot Jupiters around hot stars with measured
spin-orbit misalignments. We use both conventional adaptive
optics imaging and non-redundant aperture masking
interferometry in order to maximize our completeness over the
full range of possible companion properties. Our initial results
suggest that most aligned hot Jupiters around hot stars do not
have stellar companions, while many, but not all, misaligned
planets do have companions; however, our sample is not yet
large enough to obtain a decisive result. We also perform
statistical analyses of the full literature sample of measured
spin-orbit misalignments, and demonstrate that there is no
correlation between stellar metallicity and the presence of a
misaligned orbit. This disfavors planet-planet scattering as a
source of the misalignments.

Author(s): Eric G. Smith, Marshall C. Johnson, Aaron Rizzuto
Institution(s): The Ohio State University, University of Texas
at Austin

124.05 - Bayesian Inference of Giant Exoplanet
Physics(Daniel Thorngren)

Under the core accretion model of planet formation, giant
planets are valuable records of the disks that they formed in.
For my thesis work, I applied Bayesian statistics to the study of
giant exoplanet populations to better understand their
composition, formation history, and thermal processes. Ibegan
with the cool giant planets not affected by the hot Jupiter radius
inflation effect, and determined their bulk compositions by
comparing them to structure evolution models. I found that the
bulk metallicity correlated with the planet mass, as expected
from the core accretion model, but did not significantly
correlate with the parent star metallicity. Next, I used this
correlation to help break the degeneracy in hot Jupiters
between the anomalous inflation power and bulk metallicity.
The inflation power rises to about 2% of incident stellar flux at
1500 K, but then declines at higher equilibrium temperatures.
This result was predicted by the Ohmic dissipation model of hot
Jupiter inflation. With these population-level priors on
metallicity and anomalous heating, I can better model planets
in support of spectroscopic analysis. This is useful because the
bulk metallicity is an upper limit on the atmospheric
metallicity, and because the ratio between the two hints at the
internal compositional structure of the planet. Finally, I have
studied whether hot Jupiter radii evolve with their parent star’s
main-sequence brightening: whether this occurs is strongly
dependant on the mechanism behind hot Jupiter inflation.
Author(s): Daniel Thorngren, Jonathan Fortney
Institution(s): University of California, Santa Cruz

124.06 - Target Selection for In-depth Follow-up
Transit Observations(Robert Thomas Zellem)

The recently-launched TESS is predicted to discover thousands
of transiting exoplanets ideal for in-depth characterization.

However, target selection can prove to be troublesome. Here
will present two figures of merit to identify targets for both
transit and eclipse follow-up observations. These ranking
metrics, originally developed for the FINESSE and CASE
missions, provide a relative ranking between any transiting
exoplanet, agnostic of the observing platform. Thus, one can
quickly identify targets to more efficiently devise an observing
campaign with ground- and space-based telescopes, such as
Palomar, JWST, and ARIEL.

Author(s): Robert Thomas Zellem

Institution(s): Jet Propulsion Laboratory - California
Institute of Technology

125 - Cosmology and Astrophysics with Next
Generation Cosmic Microwave Background

Experiments
125.01 - CMB Facilities and Instruments in the 2020s,
and Beyond(William Jones)

A new generation of extremely sensitive experiments will
extend precision measurements of the Cosmic Microwave
Background (CMB) anisotropies on large angular scales in
polarization, and on arcminute scales in intensity and
polarization. The complementary capabilities of ground-based,
orbital and sub-orbital balloon borne observatories will provide
surveys of the polarized mm-wave sky of with unprecedented
sensitivity, fidelity, and spectral resolution, enabling an
improved understanding of Galactic emission necessary to
realize the scientific potential of the CMB. In this talk we will
briefly describe the observational programs underway in the
coming decade.

Author(s): Aurelien Fraisse, William Jones

Institution(s): Princeton University Contributing Team(s):
Input solicited broadly from the CMB community

125.02 - The search for primordial gravitational waves
with CMB polarization(Colin Bischoff)

Observations of Cosmic Microwave Background B-mode
polarization at large angular scales are a uniquely powerful
method to search for primordial gravitational waves, such as
those predicted by theories of inflation. A major milestone
would be to either detect this signature of gravitational waves or
else to set an upper limit on the tensor-to-scalar ratio, r <
0.001, which would rule out the most compelling models of
large-field inflation. This goal will be met by Stage-3
experiments currently coming online, the CMB Stage-4 project
planned for next decade, as well as new balloon-borne and
satellite telescopes. Galactic foregrounds and gravitational
lensing of E-mode polarization pose major challenges for these
measurements, but are already being addressed by current
projects. I will discuss the goals and common design features of
experiments targeting the primordial gravitational wave signal,
as well as forecasts developed for CMB Stage-4.

Author(s): Colin Bischoff

Institution(s): University of Cincinnati Contributing



Team(s): CMB-S4 Collaboration

125.03 - The SZ Galaxy Cluster Sample and other
Legacy Products from the CMB-S4
Experiment(Lindsey Bleem)

The next generation CMB-S4 experiment will conduct a
multifrequency (40-270 GHz) survey of ~40% of the sky at an
unprecedented combination of depth and resolution, reaching
depths of a few uK-arcmin (~100s uJy) at arcmin-scale
resolution in the higher frequency channels. These data will be
a tremendous resource for the astronomical community: the
deep multifrequency maps will enable the identification of a
mass-limited sample of >100,000 galaxy clusters via the
Sunyaev-Zel’dovich (SZ) effect, a significant number of higher-
redshift protoclusters, galactic sources, and over a million
active galactic nuclei (AGN) and dusty star-forming galaxies.
Beyond these catalogs the individual frequency maps will be
combined to produce maps of the matter distribution as traced
by gravitational lensing of the cosmic microwave background,
hot gas traced via the thermal SZ, the cosmic infrared
background, and galactic dust. The observing cadence will also
enable time domain science; each location in the footprint will
be imaged more than 1000 times over the course of the
multiyear survey enabling characterization of near earth

objects, AGN lightcurves, and the discovery of transient objects.

In this presentation I will highlight these legacy products,
particularly focusing on the scientific impact of the new SZ
galaxy cluster sample.

Author(s): Lindsey Bleem

Institution(s): Argonne National Laboratory Contributing
Team(s): CMB-S4 Collaboration

125.04 - CMB probes of neutrinos and searches for
other neutrino-like particles(Marius Millea)

The early universe, as illuminated by observations of the
Cosmic Microwave Background (CMB), is a prime laboratory
for probing the properties of neutrinos, and for perhaps
discovering other neutrino-like particles. Measurements from
the current generation of CMB experiments are consistent with
3 fully thermalized free-streaming neutrino species present in
the early universe, as expected from the standard model, with a
small window left for any other light thermal relic particles to
exist. I will discuss the nature of these constraints and how
future measurements could close the window entirely for relics
which decoupled at even very early times. The CMB is also a
unique probe of the neutrino mass matrix, the dominant
sensitivity being to the sum of the three masses, offering
complementary constraints to other laboratory experiments. I
will discuss forecasts for CMB neutrino mass measurements,
and prospects for determining the neutrino mass hierarchy via
cosmological observations.

Author(s): Marius Millea

Institution(s): Berkeley Center for Cosmological Physics

125.05 - Growth of structure from joint analyses of
cosmic microwave background and large-scale
structure data(Emmanuel Schaan)

I will describe CMB lensing measurements from current and
upcoming CMB experiments. In combination with large-scale
structure observables such as clustering and lensing, these will
probe the growth of structure over a wide range of redshifts,
thus constraining the properties of dark energy and the
neutrino masses. Furthermore, CMB lensing measurements can
help reduce large-scale structure systematics, such as shear
calibration in galaxy lensing.

Author(s): Emmanuel Schaan

Institution(s): Lawrence Berkeley National Laboratory

125.06 - Constraining Feedback in Galaxy Formation
with Next-Generation CMB Experiments(James Colin
Hill)

The cosmic microwave background (CMB) radiation is a
powerful backlight with which to illuminate structure
throughout cosmic history. The thermal (tSZ) and kinematic
Sunyaev-Zel'dovich (kSZ) effects, sourced by the scattering of
CMB photons off free electrons, directly probe the thermal
pressure and density of ionized gas, while gravitational lensing
of the CMB directly measures the line-of-sight matter density.
Measurements of these effects, which have only been robustly
detected within the past decade, will transform our
understanding of galaxy formation and evolution in upcoming
CMB surveys. I will present predictions for the tSZ and kSZ
signals of galaxy and cluster populations at various redshifts
derived from state-of-the-art cosmological hydrodynamics
simulations, with differing implementations of sub-grid
feedback physics due to active galactic nuclei and supernovae.
While multiple feedback implementations are able to reproduce
the stellar properties of galaxies, their predictions for the tSZ
and kSZ signals can be distinguished at high significance by
upcoming experiments, including CMB-S4. Next-generation
CMB surveys will thus provide crucial input to our
understanding of galaxy formation, particularly at high redshift,
where other probes have limited signal-to-noise. I will conclude
by discussing implications of these measurements for the
modeling of baryonic effects on the matter power spectrum,
which is amongst the largest systematic uncertainties in
cosmological constraints derived from weak gravitational
lensing data.

Author(s): James Colin Hill,

Institution(s): Institute for Advanced Study, Flatiron
Institute



125.07 - CMB probes of dark matter physics(Renée
Hlozek)

The Cosmic Microwave Background offers a new window on
dark matter physics. It can reach beyond current direct-
detection experiments to constrain both models of sub-GeV
particles and models of ultra-light axions with masses around
10™{-22} eV. I will highlight current CMB dark matter searches
and present the exciting prospects for constraining the dark
sector with upcoming CMB experiments. Several dark matter
models remain feasible, and I will also consider scenarios where
the dark content is made of a mix of dark matter species.
Author(s): Renée Hlozek

Institution(s): University of Toronto Contributing Team(s):
Simons Observatory Team, CMB Stage Four Team

126 - Machine Learning in Astronomical

Data Analysis

126.01 - Machine learning applications with LSST:
From Data Processing to Knowledge Discovery(Mario
Juric)

The Large Synoptic Survey Telescope (LSST; http://lsst.org)
will be the most comprehensive optical astronomy project ever
undertaken. The LSST will take panoramic images of the entire
visible sky twice each week for 10 years, building up the
deepest, widest, image of the Universe. The resulting hundreds
of petabytes of imaging data for close to 40 billion objects will
be used for scientific investigations ranging from the properties
of near-Earth asteroids to characterizations of dark matter and
dark energy. The volume, quality, and the real-time aspects of
the LSST survey present significant research opportunities.
They will enable studies of entire populations of objects,
detections of faint statistical signals, and real-time discovery
and follow-up of rare phenomena. Yet at the same time, these
characteristics make it a difficult dataset to process and
examine using classical techniques. In this talk, I will discuss
the challenges presented by the LSST data set and areas where
machine learning techniques are expected to be helpful. This
includes the generation of well-characterized alert streams, to
applications in data anslysis and knowledge discovery. Present-
day surveys such as the PTF, CRTS, and ZTF have already
shown how machine learning can be an effective way to extract
knowledge from astronomical data sets and streams. In the
LSST era, we expect them to continue to grow in importance.
Author(s): Leanne Guy, Eric Bellm, Mario Juric
Institution(s): University of Washington, Seattle, LSST

126.02 - A Typical User's Ground-Level Perspective on
Machine Learning in Astronomy(James Davenport)

We have entered an era in observational astronomy in which
sky surveys routinely release massive datasets. While this
wealth of data is critical for determining rates of rare
phenomena (e.g. transiting exoplanets or tidal disruption
events), it also enables a new kind of data-driven astrophysics

(e.g. "hidden" correlations in our data that point towards new
or challenging undetandings of physics). Machine learning is
simply one tool available to us to discover these new trends or
make predictions from our growing volume of data. However,
machine learning alone cannot make astrophysical discoveries,
and astronomers are still required to interpret astrophysical
meaning from our data. Here I will discuss some uses of
machine learning in analyzing data from the Kepler and Gaia
missions, and attempt to highlight some of the opportunities
and limitations in its use.

Author(s): James Davenport

Institution(s): University of Washington, Seattle

126.03 - Investigating Galaxy Evolution with Deep
Learning(Marc Huertas-Company)

Deep learning is rapidly becoming a standard tool in many
scientific disciplines including astronomy. I will review recent
and on-going work on several applications of deep learning
techniques to galaxy evolution related problems. I will show
examples of how different network configurations can be
efficiently used to classify galaxies into different evolutionary
stages even when no apparent features are visible as well as to
detect and measure substructures within galaxies such as
bulges and clumps. I will also discuss usnupervised approaches
based on generative models to compare numerical simulations
and observations and detect anomalous objects. In my talk I
will also try to show possible solutions to known limitations
such as uncertainty estimation, small training sets and the
“black box problem” .

Author(s): Marc Huertas-Company

Institution(s): Observatoire de Paris

126.04 - astroML 2.0 - Machine Learning for
Astrophysics(Brigitta Sipocz)

We present the roadmap and updates for the second edition of
astroML (http://astroml.org), a popular open source machine-
learning library for astrophysics. astroML provides a publicly
available repository for fast Python implementations of
statistical routines for astronomy, as well as examples of
astrophysical data analyses using techniques from statistics and
machine learning.The new version further develops astroML
into a general machine learning toolkit for the next generation
of astrophysical surveys. New components to be included are
algorithms for approximate Bayesian computation, hierarchical
Bayes, and modifying the regression and regularization code to
account for uncertainties within the data. We will also
incorporate an interface to deep learning algorithms. Our
objective is to ensure astroML scales well when working with
large datasets and it exploits multicore and multiprocessing
hardware.Astronomical data provide a popular testbed for
developing methods applicable throughout the physical and life
sciences and astroML has already been used widely beyond
astronomy in other areas from cancer research and analysis of



the securities market to teach data science in astronomy.
Author(s): Andrew Connolly, Brigitta Sipocz, Jacob
VanderPlas, Zeljko IveziA#

Institution(s): DIRAC Institute, University of Washington,
eScience Institute, University of Washington, Google

126.05 - Classifying Supernova Remnant Spectra with
Machine Learning(Daniel Patnaude)

There is a clear connection between the evolutionary properties
of a massive star and the properties of the resultant supernova
and supernova remnant. Here we present new results where we
have modeled 45,000 supernova remnants to ages of 5000
years, and synthesized spectra for both shocked circumstellar
material and shocked ejecta at 10 epochs across the life of the
remnant. We then used the 900,000 synthetic spectra to train
and test a machine learning algorithm in classifying the spectra,
in order to make concrete inferences about the progenitor
evolution. We then applied these models to the population of
Galactic and Magellanic Cloud core collapse remnants in order
to understand the properties of their progenitor systems.
Author(s): Daniel Patnaude, Shiu-Hang Lee

Institution(s): Smithsonian Astrophysical Observatory, Kyoto
University

127 - The Role of Magnetic Fields and

Filaments in Star Formation
127.01 - Introduction to Magnetic Fields and Filaments
in Star Formation(Joan T. Schmelz)

Magnetic field extrapolations and filamentary loop substructure
have been key results in understanding the solar atmosphere
and coronal heating. Arecibo’s 21-cm neutral hydrogen data
reveal pervasive interstellar filaments that follow the galactic
magnetic field lines revealed by Planck’s all-sky dust
polarization maps. The small scales of the solar coronal and the
large scales of interstellar matter hint that there may be a role
for magnetic fields and filaments at every step of the star
formation process. Herschel observations established that
molecular filaments are the preferred sites of star formation.
SOFIA’s new instrument, HAWC+, studies the role of magnetic
fields in filaments on sub-parsec scales. ALMA polarization
observations probe regions surrounding young protostars. Sub-
orbital platforms, such as BLASTPOL and BLAST-TNG, deliver
a wealth of data on magnetic fields in the interstellar medium.
This talk sets the stage, allowing the session components to
knits the big and small pictures together to provide a better
understanding of galactic magnetic fields and filaments in star
forming regions.

Author(s): Joan T. Schmelz,

Institution(s): SOFIA Observatory, USRA

127.02 - Resolving the Magnetic Field of IRAS 16293-
2422 with ALMA(Sarah Sadavoy)

We present ALMA high-resolution dust polarization
observations of IRAS 16293-2422. The dust polarization and
inferred magnetic field are well resolved across the protostellar
sources and the filamentary structures seen between them. The
magnetic field is aligned parallel to the filamentary structures
rather than showing a pinched morphology expected for
accreting stars. We construct a simple toy model to investigate
the energy balance in the filamentary bridge of dust and gas
between the stars. We find high gas flow rates such that the
bridge should be short-lived, and we propose that it is either a
transient structure or must otherwise accrete new material.
The parallel magnetic fields seen in IRAS 16293 are an unique
feature and future theoretical work will need to understand
both their origin and their impact on the evolution of young
stars.

Author(s): Dominique Segura-Cox, Ian William Stephens,
Thomas K. Henning, Benoit Commercon, John Tobin, Sarah
Sadavoy, Philip Myers, Leslie Looney, Woojin Kwon
Institution(s): Harvard-Smithsonian CfA, KASI, NRAO,
MPIA, MPE, University of Illinois, University of Lyon

127.03 - Magnetic Fields in High-Mass Filamentary
Infrared Dark Clouds(Ian William Stephens)

Filaments are ubiquitous in the star formation process. Planck
has revealed that magnetic fields are perpendicular to dense
elongations, suggesting that fields help funnel gas toward
filamentary structures. However, the resolved field
morphologies and strengths in these dense filaments remain
poorly constrained. In this presentaiton, I will show HAWC+
214 um polarimetric observations toward two high-mass
filamentary infrared dark clouds: the Snake (G11.1) and G18.6.
The magnetic field morphology is strikingly uniform and
perpendicular to the filamentary structure.

Author(s): James M. Jackson, Ian William Stephens
Institution(s): Harvard-Smithsonian Center for Astrophysics,
Universities Space Research Association Contributing Team(s):
Other Team Members

127.04 - Polarimetry with BLAST - Results from
BLASTPol and Plans for BLAST-TNG(Giles Novak)

The 2010 and 2012 Antarctic flights of the Balloon-borne Large
Aperture Submillimeter Telescope for Polarimetry (BLASTPol)
have advanced our understanding of the structure of cloud-
scale magnetic fields in star forming clouds and provided tests
for models of dust grain composition and alignment in both star
forming and translucent clouds. At the time of this writing, an
upgraded version called BLAST-TNG is being shipped to
Antarctica and the first team members are preparing to travel
there in three weeks to ready the experiment for a December
2018 launch. BLAST-TNG shares BLASTPol's observing bands
at 250, 350, and 500 microns, but has an order of magnitude
faster mapping speed, a larger primary of 2.5 m diameter, and a
longer cryogen hold time of 28 days. I will give an overview of



the main results from our 2010 and 2012 flights and a synopsis
of our plans for the upcoming flight. These plans include a 25%
allocation to shared risk projects that have been proposed by
investigators outside the BLAST collaboration.

Author(s): Giles Novak

Institution(s): Northwestern University Contributing
Team(s): BLAST collaboration

127.05 - An in-depth look at the magnetic field of NGC
1333 IRAS 4A(Erin Guilfoil Cox)

Magnetic fields are important on all size scales of star
formation. Using dust polarization observations, we can infer
the plane-of-sky magnetic field morphology of protostars.
Observing magnetic field morphologies in the youngest
protostars is key to understanding their influence. One
particular source, NGC 1333 IRAS 44, is young (~10 kyr)
protostar that has been observed often due to its brightness.
NGC 1333 IRAS 4A is also quite polarized, and its polarization
signature has been well studied at multiple wavelengths and
resolutions. In this talk, I will give an overview of previous
polarization observations of this interesting source. I will also
present SOFIA data that can help us link large and small scale
magnetic field morphology.

Author(s): Erin Guilfoil Cox,

Institution(s): University of Illinois, Northwestern
Univsersity

127.06 - Wide-Field Molecular Line Mapping of the
Nessie Nebula: an Extremely Filamentary Infrared
Dark Cloud.(James M. Jackson)

We present new ~90 GHz molecular line maps, taken with the
Mopra 22 m telescope in Australia, of the Nessie Nebula, an
extremely filamentary infrared dark cloud. The new images at
~38" resolution cover over a degree (~100 pc) along the
filament. Feedback from embedded stars alters the chemistry
and creates molecular bubbles. The HCO+1-0 line profiles
toward the associated clumps are asymmetric, with stronger
blueshifted emission and fainter redshifted emission relative to
the systemic velocity, as determined from the optically thin
N2H+ 1-0 line. These asymmetryies arise from infall motions
due to gravitational collapse. Collapse motions are confirmed
by a new indicator of collapse, the [O I] 63 um line observed by
SOFIA at high spectral resolution. Toward the brightest star
forming region in Nessie, the [O I] profiles show redshifted
absorption (inverse P Cygni) or self-absorption features. These
collapse motions may indicate that the entire filament is
collapsing inward. Future SOFIA measurements of Nessie and
other filamentary IRDCs will shed light on the interplay of
magnetic fields, gravitational collapse, and feedback in the
densest, most-massive filaments.

Author(s): Nicholas Killerby-Smith, David Allingham, James
M. Jackson, Philippa Patterson, J. Scott Whitaker, Taylor
Hogge

Institution(s): SOFIA Science Center, Boston University,
University of Newcastle

128 - Galaxy Formation and Evolution III
128.01 - Evolution of Molecular Gas Reservoirs After
Galaxies Stop Forming Stars(Decker French)

Post-starburst (or “E+A” ) galaxies are in transition between
star-formation and quiescence, and represent a clear path for
galaxies to transform their stellar populations, ISM properties,
and morphologies. Many show signs of a recent galaxy-galaxy
merger and a newly-evolved stellar bulge, and most have
LINER-like emission, which may indicate low luminosity AGN
activity. Thus, the study of this short-lived phase of galaxy
evolution can address the connections among mergers, star
formation history, AGN activity, and the evolution of the
nucleus as a galaxy evolves onto the red sequence. The
molecular gas content of these galaxies has been studied using
single-dish CO (1-0) and (2-1) observations from the IRAM-
3om and ALMA observations of HCN (1-0). The recent star
formation histories have been studied using UV/optical
photometry and optical spectroscopy, fit using stellar
population synthesis to determine the time since the recent
starbursts ended. While post-starburst galaxies have stopped
forming new stars, we have discovered that many have
significant reservoirs of molecular gas remaining, which are
depleted only after the starburst had already ended. Young
post-starburst galaxies have molecular gas reservoirs similar to
normal star-forming galaxies, which decline to the levels of
early type galaxies within 1-2 Gyr. This rate of gas depletion is
too rapid to be explained by the low star formation rates in
these galaxies, so AGN feedback may be responsible. Recent
ALMA observations show these galaxies also have low dense gas
fractions, and the mechanisms which deplete the gas after the
starburst may be the same as those which suppress the collapse
of gas into denser states.

Author(s): Decker French

Institution(s): Carnegie Observatories

128.03 - Linking galaxies to the large scale structure of
the Universe with the Maunakea Spectroscopic
Explorer(Alan McConnachie)

The last few decades have seen a dramatic increase in our
understanding of the large scale structure of the Universe.
However, understanding the connection of the large scale
structure to the galaxies that are embedded within it is a
fundamentally difficult problem requiring extremely large
datasets that probe tracers of a range of complex interactions
between gas, stars and the dynamical mass distribution. The
Maunakea Spectroscopic Explorer is an 11.25 m wide field
telescope that observes more than 4000 targets per pointing,
and which feeds fully dedicated banks of low, medium, and high
resolution spectrometers. It produces the same number of
spectra as the SDSS Legacy Survey every 7 weeks and has
flagship programs that aim to make the connection between



galaxies and their surrounding large scale structure from before
the peak of the star formation history of the Universe to the
present day. US scientists make up more than a quarter of the
science team that now involves more that 300 astronomers
from 30 countries. Here, I will review the scientific potential of
MSE for galaxy evolution science and describe its strong
synergies with national facilities like LSST and the ngVLA.
Entering the preliminary design phase, I will provide an update
on the design of MSE and discuss the opportunities available to
partners over the coming months and years.

Author(s): Alan McConnachie

Institution(s): NRC Herzberg Astronomy & Astrophysics
Contributing Team(s): The MSE Team

128.04 - On the Origin of Gas-poor Galaxies in Galaxy
Clusters Using Cosmological Hydrodynamic
Simulations(Seoyoung Lyla Jung)

The environmental effect is commonly used to explain the
excess of gas-poor galaxies in galaxy clusters. Meanwhile, the
presence of gas-poor galaxies at cluster outskirts, where
galaxies have not spent enough time to feel the cluster
environmental effect, hints at the presence of preprocessing.
Using cosmological hydrodynamic simulations on 16 clusters,
we investigate the mechanisms of gas depletion of galaxies
found inside clusters. The gas-depletion mechanisms can be
categorized into three channels based on where and when they
took place. First, 34% of our galaxies are gas poor before
entering clusters ("preprocessing"). They are mainly satellites
that have undergone the environmental effect inside group
halos. Second, 43% of the sample quickly became gas deficient
in clusters before the first pericentric pass ("fast cluster
processing™). Some of them were group satellites that are low in
gas at the time of cluster entry compared to the galaxies directly
coming from the field. Even the galaxies with large gas fractions
take this channel if they fall into massive clusters (>1014.5
MA4S™) or approach cluster centers through radial orbits. Third,
24% of our sample retain gas even after their first pericentric
pass ("slow cluster processing™) as they fall into the less massive
clusters or have circular orbits. The relative importance of each
channel varies with a cluster's mass, while the exact degree of
significance is subject to large uncertainties. Group
preprocessing accounts for one-third of the total gas depletion,
but it also determines the gas fraction of galaxies at their cluster
entry, which in turn determines whether a galaxy should take
the fast or the slow cluster processing.

Author(s): Aeree Chung, Seoyoung Lyla Jung, Taysun Kimm,
Hoseung Choi, O. Ivy Wong, Sukyoung K. Yi

Institution(s): Yonsei University, ICRAR

128.06 - FLASHES: Revealing the CGM around 50 z=2-
3 QSOs(Donal O'Sullivan)

The Fluorescent Lyman-Alpha Structures in High-z
Environments (FLASHES) survey is a multi-year, optical

integral-field unit (IFU) spectroscopy survey of QSO
environments at redshifts z=2.3-3.1. It is motivated by recent
observational evidence for cold flow accretion forming disks in
the circumgalactic medium (e.g. Martin+15) and IFU studies of
QSO environments at higher redshift (e.g. Borisova+16,
Wisotzki+16, Arrigoni-Battaia+18). In this paper, we outline the
survey design, present preliminary results, and discuss the
upcoming work. With a sample of 50 QSO environments
(selected from the QSO Catalog of the SDSS 12th Data Release)
imaged, we detect bright, extended Lyman-alpha in the vast
majority of our targets on a scale of 80-100pkpc. We also detect
evidence for strongly sheared kinematic profiles, though this is
a subject of ongoing deeper follow up using metal lines less
susceptible to radiative transfer effects than the Hydrogen
Lyman-alpha emission line.

Author(s): Prachi Parihar, Erika Hamden, Christopher
Martin, Don Neill, Zeren Lin, Matt Matuszewski, Donal
O'Sullivan

Institution(s): California Institute of Technology

128.07 - The Lensed Perspective: Resolving the Inner
Core of a Massive Rejuvenated Quiescent Galaxy at
z=1.9(Katherine E Whitaker)

Understanding the formation and quenching of massive
quiescent galaxies at cosmic noon (z~2) remains a major
problem in galaxy formation theory. While clues to their
formation will be imprinted on the stellar populations in their
inner cores, such analyses are beyond the capabilities of current
technology. Here, we present a unique analysis of Hubble
Space Telescope WFC3/G141 grism spectroscopy and Large
Millimeter Telescope/AzTEC 1.1mm imaging of a unique target
SDSSJ0851-E, a multiply imaged gravitationally lensed massive
(log M*/Msun=10.6) red galaxy at z=1.9. The boost in spatial
resolution and signal that strong gravitational lensing affords
gives us the rare opportunity to perform spatially resolved age
measurements at 0.5 kpc resolution. We find that SDSSJo851-
E formed the bulk of its stellar mass early on, with old stellar
populations in the inner 2.5 kpc (>1.5 Gyr). Surprisingly,
SDSSJ0851-E shows clear evidence of a rejuvenation. But, as
the gas fraction is constrained to <10%, it is running on empty.
In this talk, we place the results of this intriguing case study in
the context of our overall understanding of the properties of the
quiescent population at z~2.

Author(s): Mohammad Akhshik, Katherine E Whitaker,
Institution(s): University of Connecticut, Cosmic Dawn
Center Contributing Team(s): SGAS Team

128.02D - The connection between galaxies and dark
matter halos(Seunghwan Lim)

According to the current paradigm of galaxy formation, galaxies
form and evolve in dark matter halos that grow through
gravitational collapse of small initial fluctuations in the cosmic
density field. Not only are they hosts of galaxies, but dark



matter halos are also tracers of the large-scale structure of the
Universe. Thus they are crucial components for understanding
how galaxies form and evolve in and with the cosmic web. This
dissertation is a systematic investigation of the galaxies and gas
in the cosmic web, which was published into six first-author
papers of mine and seven more papers that I contributed, using
observational data of large galaxy surveys such as SDSS and
CMB maps such as the Planck, simulations, and modellings.
Specifically, I have identified dark matter halos in the low-
redshift Universe and constructed the largest to date all-sky
group catalog. I also investigated correlations between many of
galaxy and halo properties, particularly finding, for the first
time, an observational proxy of halo age. Finally, I developed a
series of novel approaches to maximize the detection of the
Sunyaev-Zel'dovich effect (SZE), and explored the gas
properties in halos to find that gas mass fraction even in low-
mass halos is about the cosmic mean baryon fraction, solving a
long-standing mystery in astronomy, the “missing baryon'
problem. The analysis identified the "missing’ baryons in a
warm-hot medium on halo scales. I also have shown that the
tSZE can be used to constrain the mean relationship between
thermal energy of IGM gas and local total matter density for the
first time, and the results can constrain models for galaxy
formation such as models for AGN feedback. I will also present
some early results from using simulations to test different SZE
detection methods in literature and to constrain galaxy models.
Author(s): Houjun Mo, Seunghwan Lim

Institution(s): University of Massachusetts Amherst

128.05D - Accurate Identification of Galaxy Mergers
with Imaging and Kinematics(Becky Nevin)

Merging galaxies play a key role in galaxy evolution, and
progress in our understanding of galaxy evolution is slowed by
the difficulty of making accurate galaxy merger identifications.
Mergers are typically identified using individual imaging
techniques, each of which has its own limitations and biases.
With the growing popularity of integral field spectroscopy
(IFS), it is now possible to introduce kinematic signatures to
improve galaxy merger identifications. We use GADGET-3 N-
body/hydrodynamics simulations of merging galaxies coupled
with SUNRISE dust radiative transfer simulations to create
mockup IFS and images to match the specifications of SDSS-
IV’s MaNGA (Mapping Nearby Galaxies at Apache Point)
survey. From the mockup galaxies, we have developed the first
merging galaxy classification scheme that is based on
kinematics and imaging. Utilizing a Linear Discriminant
Analysis tool, we use a linear combination of kinematic and
imaging predictors to identify merging galaxies from the >
10,000 galaxies in the MaNGA survey, identifying many more
mergers than possible before. Through the accurate
identification of merging galaxies in the MaNGA survey, we will
advance our understanding of supermassive black hole growth
in galaxy mergers and other open questions related to galaxy
evolution.

Author(s): Julia Comerford, Jenny Greene, Becky Nevin,
Laura Blecha

Institution(s): University of Colorado Boulder, Princeton
University, University of Florida

129 - Milky Way & Galactic Center I1
129.01 - Star Formation in the Far Outer Galaxy:
Tracing Efficiencies Across the Disk(William Paul
Armentrout)

We map the 13CO molecular gas emission from distant Galactic
star forming regions in the Outer Scutum-Centaurus spiral arm
(OSC) using the Argus array on the Green Bank Telescope
(GBT). Argus, a new 16-pixel focal plane array for millimeter
spectroscopy, allows for fast mapping of extended molecular
gas, producing 5 arcmin 13CO maps with 8 arcsec resolution
and 0.5 K sensitivity in 20 minutes. The OSC is the most distant
molecular spiral arm. To date, we have detected high-mass star
formation at 12 locations in the OSC, with the most distant
source at 23.5 kpc from the Sun and 17 kpc from the Galactic
Center. These regions represent star formation at low densities
and low metallicities, similar to the conditions in galaxies like
the Large Magellanic Cloud or a much younger Milky Way. We
determine molecular gas masses from our Argus
measurements, and we determine stellar masses at the cores of
these HII regions from thermal continuum emission
measurements with the Very Large Array. By comparing
molecular and stellar masses, we can begin to put constraints
on the star formation efficiency of these distant outer Galaxy
sources, tracing efficiencies across the Galactic disk.
Author(s): David Frayer, Loren Anderson, Thomas Dame,
Sarah Church, William Paul Armentrout,

Institution(s): West Virginia University, Stanford University,
Green Bank Observatory, Harvard-Smithsonian Center for
Astrophysics

129.03 - The Edge of the Milky Way’s Galactic Disk
(and Beyond)(Robert A Benjamin)

Many spiral galaxies are observed to have a stellar “break”, a
location where the scalelength of the exponential disk changes,
usually to a smaller value. The first evidence for a break in the
density profile of stars at a Galactocentric distance of 14
kiloparsecs in the Milky Way was presented by Robin et al
(1992) based on deep optical observations in several low-
extiction directions towards the Galactic anticenter combined
with star-count models. Further evidence for a break in stellar
density has accumulated over the decades based on red-giant
star counts (Ruphy et al 1996, Reyle et al 2009, Minniti et al
2010, Nidever et al 2012), analysis of infrared light
(Freudenreich 1998), and star-counts of A stars (Sale et al
2010). However, interpretation of the stellar density profile is
complicated by the known warping and flaring of the stellar
disk plus possible satellite galaxies (Momany et al 2006, Bland-
Hawthorn and Gerhard 2016); if the decrease in volume density
is concomitant with an increasing scale-height, the Milky Way
surface density profile may have no break. Using data from
2MASS, GLIMPSE, and WISE, we present a continous map of



the stellar break along the Galactic midplane showing the
location of this volume-density break varies smoothly from 13
to 15 kpc along this swath of the sky. We argue that changing
break radius is due to the warping of the stellar disk and
present progress on creating a three dimensional map of the
stellar density up to and beyond the break.

Author(s): Robert A Benjamin

Institution(s): University of Wisconsin-Whitewater
Contributing Team(s): GLIMPSE team

129.04 - The Southern Stellar Stream Spectroscopic
Survey (S5)(Ting Li)

Recently, more than a dozen new stellar streams in the Milky
Way were discovered in the southern hemisphere with the Dark
Energy Survey (DES). In this talk, I will present an ongoing
spectroscopic program S5, which maps these southern streams
with the 2df/AAOmega spectrograph on the Anglo-Australian
Telescope. S5 is the first systematic program pursuing a
complete census of known streams in the southern hemisphere.
The radial velocities and stellar metallicities from S5, together
with the proper motions from Gaia DR2, provide a unique
sample to understand the Milky Way halo populations, the
progenitors and formation of the streams, the mass and shape
of the Milky Way potential, and to test the characteristics of
dark matter. So far, the S5 program has obtained the 6D+1
(metallicity) phase space information for 10 streams in the DES
footprint, all of which are the first-time measurements for these
southern streams, and we are expanding our program beyond
the DES footprint to cover more southern streams. I will give an
overview of the S5 program, including target selection,
observation, and data analysis, and I will end with a discussion
of the implications of the preliminary results from Ss.
Author(s): Ting Li

Institution(s): Fermi National Accelerator Laboratory
Contributing Team(s): S5 Collaboration, DES Collaboration

129.05 - Milky Way Stream Properties from Space
Telescope(s)(Mark Fardal)

I will discuss ongoing work on Milky Way halo streams using
Gaia DR2 along with Hubble Space Telescope data. Using
horizontal branch stars, RR Lyrae, and red giant branch stars,
we trace the proper motion of the Orphan Stream along the
entirety of its previously detected extent. The proper motion-
selected color-magnitude diagram reveals a narrow red giant
branch. Pruning previous spectroscopic samples with proper
motion removes outliers and yields a consistently narrow
metallicity distribution. A revised spatial track of the stream
yields departures from an orbital path and hints at stream
substructure. We also trace the Sagittarius Stream across the
sky. Resolving the stream in proper motion yields information
on its spatial width and substructure within the stream. We
discuss implications of these streams for the Milky Way
potential.

Author(s): Mark Fardal,
Institution(s): STScl, UMass Contributing Team(s):
HSTPROMO

129.06 - Reconstructing the Orphan Stream Progenitor
with MilkyWay@home Volunteer Computing(Heidi Jo
Newberg)

We show that the mass and radial profile of the progenitor
dwarf galaxy of the Orphan Stream can be reconstructed from
the distribution of stars in the tidal tail it produced. A
simulation of the disruption of a dwarf galaxy with stellar and
dark matter components is compared with data for the actual
tidal stream. The 0.8 PetaFLOPS MilkyWay@home volunteer
computing platform is used to optimize the parameters in the
simulated dwarf galaxy disruption to best match the observed
stream. The algorithm fits the dark matter mass, dark matter
radius, stellar mass, radial profile of stars, and orbital time,
assuming a static Milky Way potential and known orbital
parameters. Under these ideal conditions the dwarf galaxy
parameters are fit within a few percent. We use this algorithm
to fit the actual Orphan Stream data, and present the
preliminary results. A comprehensive evaluation of the many
sources of error in making such a measurement is underway.
This research is supported by NSF grant AST 16-15688, the
NASA/NY Space Grant fellowhip, The Marvin Clan, Babette
Josephs, Manit Limlamai, and the 2015 Crowd Funding
Campaign to Support Milky Way Research.

Author(s): Siddhartha Shelton, Jake Weiss, Jacob Bauer, Eric
Mendelsohn, Heidi Jo Newberg, Travis Desell, Malik Magdon-
Ismail, Larry Widrow

Institution(s): Rensselaer Polytechnic Institute, Rochester
Institute of Technology, Queen's University

129.07 - Talk Moved to Poster

Author(s):
Institution(s):

129.08 - The GD-1 stellar stream suggests the existence
of dark substructure in the Milky Way halo(Adrian
Price-Whelan)

The Milky Way halo contains several thin, dynamically-cold
stellar streams that likely formed from the tidal disruption of
low-mass stellar systems like globular clusters. These streams
are powerful tools for testing dark matter theories: streams will
enable mapping the global structure of mass in the Galaxy, and
are extremely sensitive to gravitational perturbations such as
interactions with dark substructure. Recent data from the Gaia
mission (DR2) have enabled a high-contrast view of the longest
Milky Way thin stream, the GD-1 stream, and have revealed a
number of under-densities and a "spur” of stars associated with



one such density gap in this stream. The observed morphology
of GD-1 (the gap and spur) is naturally reproduced in models of
the stream that include an encounter with a massive (~10"6-
10" 8), dense perturber, and is not expected in simple
simulations of the stream formation. I will show models of the
stream and discuss ways to test the substructure encounter
scenario. If confirmed, the GD-1 stream would provide the first
direct dynamical evidence of dark substructure in the Milky
Way halo.

Author(s): Charlie Conroy, David W Hogg, Ana Bonaca,
Adrian Price-Whelan

Institution(s): Princeton University, New York University,
Harvard University, Flatiron Institute

129.02D - Kinematics and Evolution of Massive Star
Formation in the Central Molecular Zone of the
Galactic Center(Natalie Butterfield)

Molecular gas in the central 200 parsec of the Milky Way galaxy
exhibits more extreme physical characteristics (e.g., higher
density, warmer gas) than gas in the Galactic disk. Recent
detailed surveys of this Central Molecular Zone (CMZ) have
revealed a large-scale morphology that indicates that molecular
clouds are likely to be organized in an orbital structure around
the dynamical center of the galaxy, Sgr A*. However, modeling
the locations and velocities of molecular clouds in the CMZ is
challenging because the velocity structure of the interstellar
medium is complex. Spectral line profiles of molecular clouds in
the CMZ region frequently show multiple peaked structure,
indicating multiple components along the same line-of-
sight.For my dissertation I have observed several regions in the
CMZ where the interstellar and kinematic environment is
particularly complex in order to better connect observations to
the proposed orbital models. The data presented in this
dissertation include C (5 GHz), K (25 GHz), and Ka (36 GHz)
band continuum and spectral line (NH3, H113a, CH30H,
HC3N, and others) observations from the Very Large Array
radio telescope. In my dissertation, I explore feedback effects of
the massive stellar Quintuplet cluster on an adjacent molecular
cloud (M0.20-0.033). Using observations of the molecular and
ionized gas in this region, I present evidence that the observed
kinematics represents an expanding shell, powered by the
massive Quintuplet cluster. I also present initial results from a
second study of the interstellar environment of the H II regions
and molecular gas near the SgrB1 complex. These results in my
secondary study suggest that expanding shells and the presence
of massive stars are likely to be impacting this region of the
CMZ as well.

Author(s): Elisabeth Mills, Natalie Butterfield, Juergen Ott,
Adam Ginsburg, Mark R Morris, Cornelia Lang
Institution(s): Green Bank Observatory, Boston University ,
University of ITowa, UCLA, NRAO

130 - Black Holes 11

130.01 - Accretion States, Black Hole Spin, and the
2017 Outburst of MAXI J1535-571(Joseph Neilsen)

After two decades of monitoring stellar mass black holes in
outburst, there are still lingering questions about the geometry
of the accretion disk and its evolution across state transitions.
Does the disk extend all the way to the ISCO, or is it truncated
at some distance from the black hole? How does this depend on
accretion rate, luminosity, and X-ray spectral shape, and how is
it connected to timing properties? The recent outburst of MAXI
J1535-571, monitored extensively with NuSTAR and NICER,
provides a prime opportunity to address these questions. I will
present detailed analysis of the spectral evolution of the source
over roughly three months, from its rising hard states through
its >5 Crab peak, all the way to its soft, disk-dominated state.
Applying relativistic reflection models and holding its spin
constant across the outburst, I track the evolution of the inner
radius of the disk from state to state. With hundreds of millions
of counts in dozens of observations, these data offer an
incredibly detailed view of the spectral geometry of MAXI
J1535-571 for comparison to precision timing results.
Author(s): Gabriele Ponti, Mickael Coriat, Sara Motta, Joseph
Neilsen, James Francis Steiner, Stephane Corbel, Rob Fender,
Liam Dowling Jones

Institution(s): Villanova University, IRAP, MIT, CEA Saclay,
Oxford, MPE Garching Contributing Team(s): NICER Science
Team

130.03 - An Analytical Fourier-Transformation Model
for the Production of Soft X-ray Time Lags in 1tHo0707-
495(David Baughman)

We develop a new, non-relativistic, time-dependent theoretical
model based on a Fourier transformed radiation transport
equation that is used to explore the production of soft X-ray
time lags from active galactic nuclei. In our model, the soft lags
result from the thermal and bulk Comptonization of photons
occurring in the inner, quasi-spherical region of the accretion
disk. The time-dependent transport equation we study
describes the scattering of seed photons in an isothermal,
inhomogeneous, spherically symmetric, accreting coronal
cloud. We assume that the accretion rate is close to the
Eddington limit, and that the seed photons are injected in an
instantaneous burst at the peak energy of the broad iron-L line
band. The electron number density ne is assumed to be
inhomogeneous, with a free-fall spatial variation given by ne(r)
4" rda"’3/2. Our transport model extends the previous time-
dependent thermal Comptonization model of Kroon & Becker
(2016) in order to include the effect of bulk Comptonization in
the converging flow. We find that the model is able to reproduce
the observed soft X-ray time lags in active galaxies such as
1H0707-495 without the requirement of spatial reverberation.
Although the model is isothermal and does not include general
relativistic effects, we believe that the results are suggestive of
the important role of thermal and bulk Comptonization in
producing soft X-ray time lags.

Author(s): Peter A. Becker, David Baughman

Institution(s): George Mason University



130.04 - Mapping the contracting corona in a new
black hole transient with NICER(Erin Kara)

The geometry of the accretion flow around stellar-mass black
holes can change on timescales of days to months. When a black
hole emerges from quiescence it has a very hard X-ray spectrum
produced by a hot corona, and then transitions to a soft
spectrum dominated by emission from a geometrically thin
accretion disc extending to the innermost stable circular orbit.
Much debate, however, persists over how this transition occurs,
whether it is driven largely by a reduction in the truncation
radius of the disc or in the spatial extent of the corona.
Observations of X-ray reverberation lags in supermassive black
hole systems suggest that the corona is compact and that the
disc extends in close to the central black hole. Observations of
stellar mass black holes, however, reveal equivalent (mass-
scaled) reverberation lags that are much larger, leading to the
suggestion that the accretion disc in the hard state of stellar
mass black holes is truncated out to hundreds of gravitational
radii. Here we report X-ray observations of the new black hole
transient MAXI J1820+070. We find that the reverberation
time lags between the continuum-emitting corona and the
irradiated accretion disc are 6-20 times shorter than previously
seen. The timescale of the reverberation lags shortens by an
order of magnitude over a period of weeks, while the shape of
the broadened iron K emission line remains remarkably
constant. This suggests a reduction in the spatial extent of the
corona, rather than a change in the inner edge of the accretion
disc.

Author(s): Erin Kara,

Institution(s): University of Maryland, NASA Goddard Space
Flight Center Contributing Team(s): NICER Observatory
Science Working Group

130.05 - Time-domain astrophysics of galactic nuclei in
radio to submillimeter(Q. Daniel Wang)

I will briefly review ideas as to how a joint monitoring program
at radio to submillimeter wavelengths may be used to study the
relativistic jet formation and circumnuclear environment of
supermassive black holes. At least some tidal disruption events
(TDE) of (sub-)stellar objects around black holes form
relativistic jets. Such a jet can first be detected in
(sub)millimeter and only gradually become optically thin and
observable at longer wavelengths. The jet evolution depends
strongly on the density structure of the circumnuclear gas,
including the accretion flow, while its associated magnetic field
can be traced by the Faraday's rotation of polarization as a
function of time. I will use the nearest known TDE, IGR
J12580+0134, in NGC 4845 (d = 17 Mpc) that we have
extensively studied recently as an example to illustrate both the
existing feasibility and the potential power of such a
(sub)millimeter to radio follow-up program.

Author(s): Q. Daniel Wang

Institution(s): University of Massachusetss Amherst

130.02D - Modeling Variability and non-Kerr
Spacetime Effects in Black Hole Images(Lia Medeiros)

The Event Horizon Telescope (EHT), a mm-wavelength very
long baseline interferometer (VLBI), aims to take the first ever
resolved image of a black hole at event horizon scales. I will
discuss how I use numerical simulations to characterize the
effect of intrinsic source variability and deviations from the
Kerr geometry on interferometric observables. I show that
intrinsic source variability will significantly affect conventional
image reconstruction techniques and that variability must be
taken in to account for both image synthesis and model fitting.
Furthermore, I explore the utility of Principal Component
Analysis (PCA) to characterize the structural variability in
GRMHD simulations of Sgr A* and find that simulations can be
compactly represented with a PCA-derived basis of
eigenimages. This allows for detailed comparisons between
variable observations and time-dependent models. Finally, I
use parametrized metrics that deviate from the Kerr metric and
that can be used to approximate several modified gravity
theories, to simulate a large number of black hole shadows. I
apply PCA to the set of shadows and show that only a handful of
“eigen-shadows” are necessary to reconstruct the full set of
non-Kerr and Kerr shadows.

Author(s): Lia Medeiros,

Institution(s): University of Arizona, University of California-
Santa Barbara

131 - Supernovae II

131.01 - Superluminous Supernovae in LSST: Rates,
Detection Metrics, and Light Curve Modeling(Victoria
Ashley Villar)

We explore and demonstrate the capabilities of LSST to study
Type I superluminous supernovae (SLSNe). We first fit the light
curves of 58 known SLSNe at z~0.1-1.6, using an analytical
magnetar spin-down model implemented in MOSFiT. We then
use the posterior distributions of the magnetar and ejecta
parameters to generate thousands of synthetic SLSN light
curves, and we inject those into the OpSim to generate realistic
ugrizy light curves. We define simple, measurable metrics to
quantify the detectability and utility of the light curve, and to
measure the efficiency of LSST in returning SLSN light curves
satisfying these metrics. We combine the metric efficiencies
with the volumetric rate of SLSNe to estimate the overall
discovery rate of LSST, and we find that ~10"4 SLSNe per year
with >10 data points will be discovered in the WFD survey at
7<3.0, while only ~15 SLSNe per year will be discovered in each
DDF at z<4.0. To evaluate the information content in the LSST
data, we refit representative output light curves with the same
model that was used to generate them. We correlate our ability
to recover magnetar and ejecta parameters with the simple light
curve metrics to evaluate the most important metrics. We find
that we can recover physical parameters to within 30% of their
true values from ~18% of WFD light curves. Light curves with
measurements of both the rise and decline in gri-bands, and
those with at least fifty observations in all bands combined, are



most information rich, with ~30% of these light curves having
recoverable physical parameters to ~30% accuracy. WFD
survey strategies which increase cadence in these bands and
minimize seasonal gaps will maximize the number of
scientifically useful SLSN light curves. Finally, although the
DDFs will provide more densely sampled light curves, we
expect only ~50 SLSNe with recoverable parameters in each
field in the decade-long survey.

Author(s): Victoria Ashley Villar, Matt Nicholl, Edo Berger
Institution(s): Harvard, University of Edinburgh

131.03 - The Zwicky Transient Facility Bright
Supernova Survey(Christoffer Fremling)

We present the Zwicky Transient Facility (ZTF) Bright
Transient Survey (BTS). The BTS is a public, and the survey has
two components: (1) We publicly report all bright (<19 mag) SN
candidates found by the ZTF Northern Sky Survey to the
Transient Name Server (TNS). (2) An IFU (SEDM) mounted on
the Palomar 60 inch (P60) telescope is used to obtain
classification spectra of these SN candidates. All P60/SEDM
classifications are reported to TNS.The primary motivation for
the BTS is to measure the fraction of z < 0.1 galaxies that have
cataloged redshifts, or the redshift completeness factor (RCF;
see Kulkarni et al., 2018). Preliminary estimates of the RCF
show that < 75 % of z < 0.03 galaxies are cataloged, based on
observations of brighter than 17 mag SNe from the ASAS-SN
survey.Since the start of the BTS (2018 May 1st) until
submission of this abstract (2018 Sept. 30) we have successfully
classified 304 SN Ia and 96 core collapse SNe. Thus, we
estimate that BTS will obtain spectra of ~900 SNe Ia over the
course of 1 year, making it one of the largest systematic and
untargeted SN surveys ever conducted. By increasing the
sample size by nearly a full order of magnitude relative to what
was possible with ASAS-SN, the BTS will enable more precise
measurements of the RCF, while also extending the
measurements beyond z = 0.03. Improved measurements of the
RCF will help inform electromagnetic follow-up to LIGO
gravitational wave events (e.g., Gehrels et al., 2016), and
provide the necessary correction factors for transient rate
measurements based on volume-limited samples selected from
wide field-surveys, such as ZTF. Beyond the RCF, the BTS will
enable a plethora of additional science ranging from SN Ia
cosmography to a measurement of the core collapse SN
luminosity function (see Kulkarni et al., 2018).

Author(s): Yashvi Sharma, Shrinivas Kulkarni, Christoffer
Fremling, Dan Perley, Adam Miller, Alison Dugas
Institution(s): Caltech, LJMU, Northwestern, IIT Bombay
Contributing Team(s): Zwicky Transient Facility Collaboration

131.05 - Low Redshift Superluminous Supernovae
Discovered By Zwicky Transient Facility(Lin Yan)

The Zwicky Transient Facility has started science operation
since April 2018 with a 3-day cadence public survey over

northern sky, plus higher cadence surveys over smaller areas. In
this talk, I will present the early results on Superluminous
Supernovae discovered by ZTF.

Author(s): Ragnhild Lunnan, Dan Perley, Lin Yan, Steve
schulze, Avishay Gal-Yam

Institution(s): California Institute of Technology, Stockholm
University, The Weizmann Institute of Science, Astrophysics
Research Institute

131.06 - Infant Supernovae from ZTF(Avishay Gal-
Yam)

The Zwicky Transient Facility (ZTF) has begun full operations
in mid-2018 and conducts a high-cadence (several visits per
night) survey for transients in selected sky areas. Discovery of
infant supernova (SN) explosions, within a day of explosion, is
one of the main science goals of this survey. I will review the
results obtained by this project so far, including the discovery of
multiple very young SNe, spectroscopic studies ("flash
spectroscopy") of these events, and detections of rapid
transients (both rapidly rising and rapidly declining). Focussed
follow-up efforts of day-old transients offer rich scientific
rewards.

Author(s): Avishay Gal-Yam

Institution(s): Weizmann Institute of Science Contributing
Team(s): The ZTF Physics of SN working Group

131.02D - Needles in a Haystack: Searching for Exotic
Transients in the Era of Wide-Field Surveys(Peter K.
Blanchard)

The advent of wide-field transient searches has dramatically
increased the transient discovery rate and directly led to
uncovering new phenomena, such as superluminous
supernovae (SLSNe) and tidal disruption events (TDEs).
However, the opportunity offered by modern surveys requires
careful consideration of methods for efficiently identifying these
rare transients. My thesis project addresses this challenge by
focusing on SLSNe and TDEs to develop techniques that are
critical to maximizing the scientific return from ZTF and future
surveys like LSST. This program draws on data streams from all
ongoing optical time-domain surveys using a custom aggregator
software that makes use of contextual host galaxy information
to select promising candidates. In addition to increasing the
identification rate of SLSNe and TDEs, science goals include
connecting the early-time behavior and diversity of SLSNe with
their late-time properties to form a complete picture of the
power sources and ejecta properties, and to understand the
influence of host environments on TDE properties. To date, we
have achieved a SLSN/TDE identification rate of about 20%, a
significant increase over previous efforts, and many of our
classified SLSNe and TDEs have led to new insights. From deep
late-time observations we have placed the most stringent
constraints to date on the presence of radioactive material in
SLSNe. While this firmly rules out the decay of nickel as the



dominant power source of the peak luminosities, at least some
SLSNe have a large iron-group element abundance similar to
SNe associated with long gamma-ray bursts, providing a new
link between SLSNe and engine-powered gamma-ray bursts. In
addition, we have found more SLSNe which show deviations
from a uniform decline, helping to map out their diverse light
curves. Finally, our program uncovered a TDE in a Seyfert
galaxy, leading to interaction of the stellar debris with the pre-
existing accretion disk. The emerging sample of TDEs in
galaxies hosting an AGN suggests they may exhibit more
efficient accretion than TDEs in quiescent galaxies.
Author(s): Peter K. Blanchard

Institution(s): Harvard University

131.04D - Hunting for Hidden Explosions with
Spirits(Jacob E Jencson)

The census of nearby core-collapse supernovae and other
energetic massive star outbursts, even in the local 40 Mpc
volume, is incomplete. Despite enormous progress enabled by
wide-field transient surveys, the majority of which are
operating in the optical, many such events are missed due to the
obscuring effects of dust. Searches in the infrared, where these
effects are significantly reduced, offer an ideal platform to
discover missing stellar explosions and tackle outstanding
issues related to (1) the missed fraction of core-collapse
supernovae by optical searches and implications for rate
measurements, (2) the progenitor systems of obscured
supernovae and whether heavily extinguished events may
represent new populations stemming from extreme
environmental conditions, and (3) uncovering the full
landscape of non-terminal massive star eruptive and explosive
activity. My thesis is based on a novel search for infrared
transients in nearby galaxies called SPIRITS (SPitzer InfraRed
Intensive Transients Survey), an ongoing monitoring campaign
of galaxies within 40 Mpc in the 3.6 and 4.5 micron imaging
bands of the IRAC camera aboard the Spitzer Space Telescope.
In the first five years, SPIRITS has detected 131 infrared
transients (including 7 classical novae, 49 optically known
supernovae, and 75 unusual events) and 2536 strong infrared
variables. In this talk, I will present a sample of the 9 most
luminous transients discovered by SPIRITS with detailed
characterizations in the optical, infrared and radio. 5 of these
events, with extinction estimates spanning 2-9 visual
magnitudes, are likely heavily dust-obscured core-collapse
supernovae that despite their proximity were completely missed
by any optical search. The remaining events span diverse
classifications including a massive stellar merger, weak or
electron-capture supernovae, and multiple dust-forming, self-
obscuring outbursts from evolved massive stars. This work
addresses fundamental questions in evolution and deaths of
massive stars, and points towards a bright future for the
systematic exploration of the dynamic infrared sky.
Author(s): Jacob E Jencson

Institution(s): California Institute of Technolovy
Contributing Team(s): SPIRITS Team

132 - Spiral Galaxies
132.03 - Radial Star Formation Histories in 32 Nearby
Galaxies(Daniel Dale)

Deep optical and near-infrared imaging is combined with
archival ultraviolet and infrared data for 32 nearby galaxies
mapped in the Spitzer Extended Disk Galaxy Exploration
Science survey. These images are particularly deep and thus
excellent for studying the low surface brightness outskirts of
these disk-dominated galaxies. Results from spectral energy
distribution modeling will be presented, including radial trends
in the star formation histories. This work is supported by the
National Science Foundation under REU grant AST 1560461.
Author(s): Carolyn Drake, F. Alexander Slane, Emily L.
Jensen, Jessica Sutter, Jacob Pilawa, Louis Marlon Bran,
Nathan Lee, Jordan Turner, Henry Kobulnicky, Daniel Dale,
Isaiah Samuel Cox, Susana Soto, Kristin Anderson
Institution(s): University of Wyoming, Cal State UChannel
Islands, Cal State ULong Beach, Whitman College, East
Tennessee State U., Cerritos College, Colgate University
Contributing Team(s): EDGES Team

132.04 - Timeslicing Spiral Galaxy Spectral Data Cubes
in SDSS-IV MaNGA(Michael Merrifield)

Integral field unit surveys like SDSS-IV MaNGA are generating
large amounts of high-quality spectral data from large numbers
of spiral galaxies, and spectral analysis codes have advanced to
the point where such spectra can be decomposed into the
underlying stellar components from which they are formed.
Here, we illustrate the power of combining these developments
to show how spiral galaxies can be timesliced into components
that reveal the sequence in which these systems formed. We
can also identify quite subtle temporal features such as the
signature of a density wave propagating around the galaxy
triggering star formation as it travels, allowing us to confirm the
presence of such a wave and test whether it is propagating with
a single pattern speed.

Author(s): Kyle Westfall, Coleman Krawczyk, Anne-Marie
Weijmans, Michael Merrifield, Niv Drory, Karen Masters,
Alfonso Aragon-Salamanca, Thomas Peterken

Institution(s): University of Nottingham, University of
Portsmouth, University of Texas at Austin, University of St
Andrews, Haverford College, UCO Lick Contributing Team(s):
The MaNGA SDSS-IV Team

132.05 - SDSS IV MaNGA: Characteristics of edge-on
galaxies with counter-rotating gaseous and stellar
disks(Minje Beom)

In the course of a study of the kinematics of extra-planar
ionized gas in disk galaxies with data from the SDSS-IV MaNGA
survey, we identified four edge-on galaxies in which the gas and
stars rotate in opposite directions within a co-planar disk. The
counter-rotating disks are of substantial size, of similar extent



to the stellar rotating disks. We analyze the kinematics and
metallicities of stars and gas in the galaxies and compare them
to a control sample of galaxies with similar stellar mass in order
to see how the properties of stars and gas in the counter-
rotating galaxies differ from those in normally rotating spirals.
The four counter-rotating galaxies show relatively low star
formation rate in the disk compared to the control samples.
One of the counter-rotating galaxies has a metal-rich region in
the gas disk which seems connected to a small "tail" feature in
deep optical imaging. This may provide direct evidence of an
external origin of the gas in support of the likely scenario that
all counter-rotating gas disks were accreted. We will discuss
possible scenarios for the accretion events. RAMW and MB
acknowledge partial support for this work from the NSF under
Grant No AST-1615594

Author(s): Rene Walterbos, Minje Beom, Yanmei Chen,
Dmitry Bizyaev,

Institution(s): New Mexico State University, Nanjing
University, Apache Observatory Contributing Team(s): Minje
Beom

132.06 - Hot Gaseous Halos Around L* Galaxies from
S-Z Measurements(Joel N. Bregman)

The Sunyaev-Zel’dovich effect, commonly seen around galaxy
clusters, has been detected around large stacks of massive
galaxies. We show that the signal should also be visible around
nearby L* galaxies due to their larger size and, from Planck SZ
maps, we studied the signal for a dozen L* galaxies with 2 Mpc
< D < 10 Mpc. A few individual galaxies are detected but the
signal is more robust when they are stacked, where the median
signal is detected to at least 100 kpc and implying a gas mass of
~5E10 Msun to R_200. This is a significant mass component,
comparable to the stellar component, although less than the
missing baryons.

Author(s): Zhijie Qu, Joel N. Bregman, Edmund Hodges-
Kluck

Institution(s): University of Michigan, Goddard Space Flight
Center

132.07 - The HI mass function of group galaxies in the
ALFALFA survey(Kelley Hess)

We present the HI mass function (HIMF) of group galaxies
based on combining four popular optically defined galaxy group
catalogs from SDSS (Berlind et al, Tempel et al, Yang et al, and
Lim et al) with knowledge of the neutral atomic gas (HI)
content of the galaxies measured by the ALFALFA survey. We
significantly improve on the statistical foundation of previous
work: the four HIMFs we construct from each of the four group
catalogs have approximately two to three orders of magnitude
more groups and two orders of magnitude more HI detected
galaxies contributing the mass function than previous attempts
to measure the group HIMF. Broadly speaking, we find the
group HIMF differs from the global HIMF by having an

approximately flat low mass slope, and a knee mass which is
marginally higher than the global HIMF. More strictly
speaking, we find there is no universal group galaxy HIMF: the
different methods of constructing group catalogs lead to
differences in the group HIMF. Thus a comparison of the HIMF
between different groups or group catalogs requires a
comparison between how the groups were constructed before
the results can be interpreted. Indeed, the attempt to construct
a universal group HIMF has shed light on the caveats of existing
group catalogs as they are compared to one another.
Author(s): Lourdes Verdes-Montenegro, Elizabeth Adams,
Kelley Hess, Michael Jones

Institution(s): Kapteyn Astronomical Institute, Instituto de
Astrofisica de Andalucia, ASTRON

132.02D - New Photometry and Bar Properties of
Barred Low Surface Brightness Galaxies(Wesley
Peters)

Using optical B- and I-band images taken with the ARCTIC
imager on the 3.5m APO telescope, we present optical bar
properties and relative bar pattern speeds of 15 barred low
surface brightness galaxies (LLSBs) identified from two large
LSB catalogs. We find that bars in LSBs are shorter and weaker
when compared to those in high surface brightness galaxies
(HSBs). We find that 13 of the 15 galaxies in our sample are
hosts to “fast’ bars, contrary to expectations from LCDM
numerical simulations. We also obtain surface brightness
profiles, magnitudes and (B-I) colors for 11 galaxies that have
no previous data available. We find that barred LSBs are
brighter than unbarred LSBs, but have comparable disk scale
lengths. When using available HI 21cm fluxes, we find our
barred LSBs to be just as gas rich as unbarred LSBs. We place
our results in context with HSBs and expectations from cold
dark matter simulations.

Author(s): Wesley Peters

Institution(s): Georgia State University

Open Slot 132.01 Moved

Author(s):
Institution(s):

133 - Pulsars in Binaries

133.01 - Disk-Jet Alignment in the Microquasar GRO
J1655-40(Greg Salvesen)

Conventional theory predicts alignment between three axes of a
microquasar system: the black hole spin axis, the relativistic jet
axis, and the rotational axis of the inner regions of a
geometrically thin, optically thick accretion disk. These axes
need not be aligned to the binary orbital axis. Using five



Swift/XRT observations of the microquasar GRO J1655-40 in
the high/soft state, we fit these data using a Markov chain
Monte Carlo analysis that incorporates Gaussian priors to
leverage our knowledge of independent constraints on known
system parameters. The data strongly reject the binary orbital
inclination as an imposed prior on the inner disk inclination,
regardless of the choice for black hole spin. Instead, the data
require a near edge-on disk inclination 4%0¥ 85A°, which is
consistent with the relativistic jet axis inclination of 85A° A+
2A°, This is evidence for disk-jet alignment and provides
independent confirmation of a 4%o"15A° misalignment between
the angular momenta of the black hole and binary orbit in GRO
J1655-40.

Author(s): Omer Blaes, John Tomsick, Jordan Mirocha, Greg
Salvesen

Institution(s): University of California, Santa Barbara,
McGill University, Space Sciences Laboratory

133.02 - Neutron Stars and Black Holes in the Small
Magellanic Cloud: The NuSTAR SMC Legacy
Project(Margaret Lazzarini)

We present initial results from a new NuSTAR Legacy Survey,
the deepest hard X-ray (E>10 keV) study of the Small
Magellanic Cloud (SMC). We have observed tens of X-ray
sources in three fields along the main body of this nearby star-
forming galaxy; these three fields were chosen for their stellar
and accreting binary populations. Each field was observed 2-3
times, totalling approximately 200 ks of exposure time per
field. Given the proximity of the SMC (~60 kpc), we are able to
reach lower luminosity limits (Lx > ~10E34 erg/s) than is
possible for other extragalactic X-ray binary (XRB) populations.
We also have the advantage of low overall extinction by
observing the SMC. Previous studies of the XRB population in
the SMC with softer X-rays (E<10 keV) have revealed a large
Be-XRB population dominated by accreting pulsars, and with a
noticeable absence of confirmed black-hole XRBs. Studying the
XRB population of the SMC with NuSTAR allows us to place
constraints on the compact object type due to spectral
differences between accreting black holes and neutron stars in
the hard X-rays (E>10 keV). In particular, by comparing the X-
ray colors and luminosities of SMC XRBs with those of Galactic
XRBs of known compact object type, we are able to place
constraints on the nature of the accretors in these systems.
Combined with age estimates from published star formation
history maps, we are able to place constraints on formation
timescales for compact object populations.

Author(s): Andreas Zezas, Daniel Wik, Neven Vulic, Vallia
Antoniou, Mihoko Yukita, Margaret Lazzarini, Frank Haberl,
Ann Hornschemeier, Benjamin F Williams

Institution(s): University of Washington, NASA Goddard
Space Flight Center, Code 66, Harvard-Smithsonian Center for
Astrophysics, Department of Physics and Astronomy,
University of Utah, Department of Physics and Astronomy,
Johns Hopkins University, Max-Planck-Insti

133.03 - Signatures of intra-binary shock in the pulsar
binary PSR J2241-5236(Hongjun An)

We report on our investigation of intra-binary shock (IBS)
emission in the black widow pulsar binary PSR J2241-5236. In
9-yr Fermi-LAT data we find significant orbital modulation at
low energies below 1 GeV. We interpret this using an IBS
scenario in pulsar binaries and infer the bulk Lorentz factor in
the shocked flow to be ~1. In addition, we find evidence for
non-thermal emission in the X-ray spectrum. However, due to
limited counts in these 20-ks Chandra data a meaningful X-ray
light curve cannot be constructed. We have collected optical
observations of the binary, which can help constrain the
geometry, but more complete understanding of the IBS
beaming and energetics will need a more sensitive X-ray
measurement.

Author(s): Hongjun An, Roger W. Romani

Institution(s): Chungbuk National University, Stanford
University Contributing Team(s): The Fermi LAT collaboration

133.04 - NICER observations of the 2018 outburst of
the black hole candidate MAXI J1727-203(Kevin
Alabarta)

MAXI J1727-203 is a new transient discovered in June, 5 2018,
and due to its spectral properties at the beginning of the
outburst it was identified as a black hole candidate. MAXI J1727
has been monitored with Neutron Star Interior Composition
Explorer (NICER) on almost daily basis since the beginning of
the outburst. In this talk we will present the spectral and timing
analysis of ~4 months of observations (more than 75
observations). Preliminary results suggest a significant
detection of a cool disk (~0.2 keV) and a strong hard
component at the end of the outburst. We will show that MAXI
J1727 might have undergone the soft-to-hard transition at 0.5-
10 keV luminosities ~ 1e36 erg/sec. This source is the the 3rd
system in which we have detected the soft-to-hard transition at
such low X-ray luminosities.

Author(s): Mariano Mendez, Diego Altamirano, Kevin
Alabarta, Ronald Remillard

Institution(s): University of Southampton, MIT Kavli
Institute, Kapteyn Astronomical Institute Contributing
Team(s): NICER Team

133.05 - Precision X-ray Timing of HM Cnc with
NICER: Probing the Evolution of the Most Compact
Binary Known(Tod E Strohmayer)

HM Cnc is a double-degenerate binary with the shortest orbital
period presently known. The 5.36 minute orbital period is seen
as a large amplitude, soft X-ray modulation, likely from a hot-
spot produced by direct impact accretion. With such a short
orbital period the source is expected to have a gravitational
wave luminosity comparable to or larger than that in the X-ray,
and its orbital evolution should be strongly influenced by the



angular momentum lost to gravitational radiation. Previous X-
ray observations have shown that the period is decreasing at a
rate consistent with that expected for a detached system
radiating gravitational waves, however, long term accretion
should eventually drive the components apart. Evolutionary
calculations suggest a spin-up phase can persist past initial
contact, and we may be seeing this in the X-ray timing, but a
longer temporal baseline is needed to test this hypothesis.
NICER observed HM Cnc in 2017 October and November,
extending the long-term X-ray timing baseline to more than 16
years. Combined with prior X-ray measurements, this enables a
new, sensitive probe of the system's orbital evolution. NICER
observations clearly detect the 5.36 minute orbital period, and
the X-ray modulation profile is consistent with prior
measurements. We present results of a phase timing analysis,
including new constraints on the orbital evolution parameters,
and discuss the implications for evolutionary scenarios in this
and similar systems.NICER is a 0.2-12 keV X-ray telescope
operating on the International Space Station. The NICER
mission and portions of the NICER science team activities are
funded by NASA.

Author(s): Tod E Strohmayer

Institution(s): NASA/GSFC Contributing Team(s): on behalf
of the NICER Observatory Science Working Group

133.06 - On the Nature of the Donor Star in 4U 1626-
67(Paul Britton Hemphill)

Ultracompact X-ray binaries (UCXBs) are binaries with a
neutron star accretor and an orbital period less than 80
minutes. Here, I focus on our comprehensive review of Chandra
observations of the unique UCXB 4U 1626-67, the only known
UCXB to host a strongly-magnetized accreting pulsar. The
hydrogen- and helium-depleted donor star in this system has
been variously suggested to be an eroded helium star or a white
dwarf with a CO or ONeMg composition. The Chandra gratings
data unambiguously confirm previous reports of anomalously
high neon abundance in the system, while simultaneously
ruling out the presence of magnesium, which is difficult to
reconcile with any of the possible donor compositions.
Additionally, the pulsar's luminosity is approximately two
orders of magnitude in excess of what evolutionary models
predict for UCXBs like 4U 1626-67. I will review the existing
literature on this source and UCXBs in general and present
some possible paths forward to reconcile these apparently-
contradictory results.

Author(s): Deepto Chakrabarty, Herman Marshall, Paul
Britton Hemphill, Norbert Schulz

Institution(s): Massachusetts Institute of Technology

133.07 - Puzzling Emission Lines from the Optical
Spectrum of NGC 4861 X-1(Hang Gong)

The blue compact dwarf galaxy NGC 4861 (distance of
$\approx$7--10 Mpc) contains a very interesting example of

ULX (variable X-ray luminosity, $L_{\rm X} \sim$ a few
$\times 10"{39}$ erg s$"{-1}$) surrounded by an ionized
nebula (Yang 2012; Thuan et al.~2014). It is a metal-poor
galaxy ($Z \approx 0.13 Z_{\odot}$: Mapelli et al.~2011), that
reproduces some of the star-forming conditions that must have
been prevalent in the early universe. We took a low-resolution
optical spectrum of the nebula with the OSIRIS spectrograph on
the GTC, in 2018 March, ($2 \times 1200$s exposures) and
found an intriguing set of emission lines(Gong et al.~, in prep.).
The most significant one is an emission line at $\lambda =
5172$\A) in the OSIRIS spectrum that do not have any
plausible identification and do not appear in other ULX nebulae
or HII regions. This could be an instrumental problem of cross-
contamination from the second-order spectrum; Or they could
be highly redshifted or blueshifted lines, such as the ones we
found in the optical spectrum of a bright source in M81 (Liu et
al.~2015), which proved for the first time the existence of a
baryonic jet from a ULX.

Author(s): Yu Bai, Roberto Soria, Jifeng Liu, Hang Gong
Institution(s): NAOC, UCAS

133.08 - A Candidate Colliding-Wind Binary in
M33(Kristen Garofali)

Colliding-wind binaries (CWBs), binaries containing Wolf-
Rayet and OB stars that emit X-rays via strong wind
interactions, are an observational touchstone for studies of
stellar winds and mass loss, and their effect on massive star
evolution. Multiwavelength observations of CWBs in the Galaxy
and Magellanic Clouds (MCs) have revealed these systems to be
important probes of short-lived phases of massive star
evolution, particularly in the context of the effect of binarity on
massive star evolution. Extending the sample of observed CWBs
beyond the MCs has been hindered due to their relatively faint
X-ray luminosities (4%o0x 1035 erg s-1), and the rarity of
observed systems given the short lifetimes of the massive
components. I present identification of an X-ray bright
candidate CWB in M 33, the first such system observed beyond
the MCs. I provide constraints on the parameters of the binary,
including characterization of the WC type primary star on the
basis of ground-based spectroscopy, and preliminary
constraints on the periodicity from X-ray and optical light
curves. I will discuss these results in the context of other known
CWB systems, and the evolution of massive binaries.
Author(s): Emily Levesque, Benjamin F Williams, Kristen
Garofali

Institution(s): University of Arkansas, University of
Washington

133.09 - A Study of the 20 Day Superorbital
Modulation in the High-Mass X-ray Binary IGR
J16493-4348(Joel Barry Coley)

We report on Nuclear Spectroscopic Telescope Array
(NuSTAR), Swift X-ray Telescope (XRT) and Swift Burst Alert



Telescope (BAT) observations of IGR J16493-4348, a wind-fed
Supergiant X-ray Binary (SGXB) showing significant
superorbital variability. From a discrete Fourier transform of
the BAT light curve, we refine its superorbital period to be
20.058 A+ 0.007days. The BAT dynamic power spectrum and a
fractional root mean square analysis both show strong
variations in the amplitude of the superorbital modulation, but
no observed changes in the period were found. The superorbital
modulation is significantly weaker between MJD 55,700 and
MJD 56,300. The joint NuSTAR and XRT observations, which
were performed near the minimum and maximum of one cycle
of the 20 day superorbital modulation, show that the flux
increases by more than a factor of two between superorbital
minimum and maximum. We find no significant changes in the
3-50 keV pulse profiles between superorbital minimum and
maximum, which suggests a similar accretion regime. Modeling
the pulse-phase averaged spectra we find a possible Fe Ki+
emission line at 6.4keV at superorbital maximum. The feature
is not significant at superorbital minimum. While we do not
observe any significant differences between the pulse-phase
averaged spectral continua apart from the overall flux change,
we find that the hardness ratio near the broad main peak of the
pulse profile increases from superorbital minimum to
maximum. This suggests the spectral shape hardens with
increasing luminosity. We discuss different mechanisms that
might drive the observed superorbital modulation.

Author(s): Aaron B. Pearlman, Felix Fuerst, Gregory
Huxtable, Robin Corbet, Joel Barry Coley, Hans Krimm, Katja
Pottschmidt,

Institution(s): Howard University Department of Physics &
Astronomy, University of Maryland, Baltimore County,
CRESST/Mail Code 66, Astroparticle Physics Laboratory, NASA
Goddard Space Flight Center, European Space Astronomy
Center (ESA/ESAC), CRESST/Mail Code 66, X-

134 - AGN Black Holes II

134.01 - Luminous WISE-selected Obscured,
Unobscured, and Red Quasars in Stripe 82(Eilat
Glikman)

We present a spectroscopically complete sample of 147
infrared-color-selected active galactic nuclei (AGNs) down to a
22 {1/4m flux limit of 20 mJy over the ~270 deg2 of the Sloan
Digital Sky Survey Stripe 82 region. Most of these sources are in
the QSO luminosity regime (L bol > 1012 L 4S™) and are found
out to z ~ 3. We classify the AGNs into three types, finding 57
blue, unobscured Type-1 (broad-lined) sources; 69 obscured,
Type-2 (narrow-lined) sources; and 21 moderately reddened
Type-1 sources (broad-lined and E(B - V) > 0.25). We study a
subset of this sample in X-rays and analyze their obscuration to
find that our spectroscopic classifications are in broad
agreement with low, moderate, and large amounts of
absorption for Type-1, red Type-1, and Type-2 AGNSs,
respectively. We also investigate how their X-ray luminosities
correlate with other known bolometric luminosity indicators
such as [O III] line luminosity (L [O III]) and infrared
luminosity (L 6i%m). While the X-ray correlation with L [O III]
is consistent with previous findings, the most infrared-

luminous sources appear to deviate from established relations
such that they are either underluminous in X-rays or
overluminous in the infrared. Finally, we examine the
luminosity function evolution of our sample, and by AGN type,
in combination with the complementary, infrared-selected,
AGN sample of Lacy et al. (2013), spanning over two orders of
magnitude in luminosity. We find that the two obscured
populations evolve differently, with reddened Type-1 AGNs
dominating the obscured AGN fraction (~30%) for L 5itam >
1045 erg s-1, while the fraction of Type-2 AGNs with L 5i%am <
1045 erg s-1 rises sharply from 40% to 80% of the overall AGN
population.

Author(s): S. G. Djorgovski, Claudia Megan Urry, Mark Lacy,
Eilat Glikman, Tanya Urrutia, Daniel Stern, Matthew Graham,
Elinor Gates, Henry Daniels-Kocho, Carol Hundal, Larson
Lovdal, Stephanie LaMassa, Milena Crnogeorcevic,
Institution(s): Yale University, oBowdoin College, UCO/Lick
Observatory, Middlebury College, NRAO, University of Hawaii
(TIfA), Jet Propulsion Laboratory, STScl, Leibniz Institut fiir
Astrophysik, California Institute of Technology, Wellesley
College, University

134.02 - A Radio Search for Massive Black Holes in
Dwarf Galaxies(Amy Reines)

Searching for and studying massive black holes (BHs) in nearby
dwarf galaxies is currently our best observational probe of the
origin of the first “seed” BHs in the earlier Universe. Here we
present the first large-scale radio search for massive BHs in
dwarf galaxies using high-resolution observations with the Very
Large Array (VLA). Our targets were selected by cross matching
galaxies with stellar masses less than 3 x 109 solar masses and
redshifts less than 0.055 in the Sloan Digital Sky Survey with
the VLA FIRST Survey that has 5”7 resolution at 20 cm. We
observed 111 radio-selected dwarf galaxies with the VLA in the
A-configuration at 10 GHz and detected compact radio emission
(~0.25” ) in 39 of our target galaxies. We consider various
possible origins for the compact radio emission including
thermal HII regions, supernova remnants, young radio
supernovae, and AGNs. Our analysis demonstrates that AGNs
are almost certainly responsible for the compact radio emission
in at least 10 of our target dwarf galaxies, despite that the SDSS
optical emission line ratios are dominated by star formation.
This work highlights the promise of deep, high-resolution radio
observations to gain a more complete understanding of the
demographics of massive BHs in dwarf galaxies.

Author(s): Amy Reines, Jenny Greene, James Condon,
Jeremiah K Darling

Institution(s): Montana State University, University of
Colorado, NRAO, Princeton University

134.03 - Dwarf Galaxies Hosting Broad-line AGN on
the Black Hole - Bulge Mass Relation(Zachary Schutte)



We present visible and near-IR Hubble Space Telescope (HST)
imaging of seven dwarf galaxies with optically-selected broad-
line AGNs and black hole (BH) mass estimates from single
epoch spectroscopy. We perform 2D photometric modeling
with GALFIT to investigate the structure of these galaxies and
to determine where these systems fall on the BH-bulge mass
relation. We find a large variety of morphologies in our sample
of dwarf galaxies, with the majority having an inner
bulge/pseudobulge component within an exponential disk.
Using the modeling results and well known color-dependent
mass-to-light ratios, we determine the stellar mass of each
photometric component in each galaxy. We place our sample on
the M_BH - M_ bulge scaling relation along with a comparison
sample of 79 galaxies with dynamical BH masses, in addition to
a few other dwarf galaxies known to host AGN. We find a strong
correlation between BH mass and bulge mass with log(M_BH)
~ log(M_bulge)"1.30, which is slightly steeper than
correlations found previously when only considering higher
mass elliptical and classical bulge systems.

Author(s): Amy Reines, Zachary Schutte

Institution(s): Montana State University

134.04 - The Effects of Disk Thickness on AGN
Reflection and Reverberation(Corbin Taylor)

The AGN reflection spectrum and its associated reverberation,
believed to be the result of reprocessing of X-rays from a
compact corona by the inner accretion disk, allow astronomers
to estimate the spin of central black hole and the properties of
the reprocessing material. In modelling this phenomenon, it is
common to make the simplifying assumption that the disk has
negligible geometric thickness (i.e. “razor-thin” ), but this
approximation is unlikely to hold in moderately-accreting
systems due to large internal pressures resulting in a non-zero
scale height. Using the new raytracing suite Fenrir, we explore
the effects that disk thickness has on the X-ray spectral and
timing properties of AGN, finding that the inner regions of the
disk can “shield” the outer regions from the central source and
thus resulting in substantial changes to the emissivity profile.
The broad Fe K line (6.4-6.9 keV) and its associated timing
properties were found to change drastically with disk thickness,
with the late-time blue wing being truncated and the overall lag
magnitude being suppressed. We conclude that neglecting disk
thickness can result in significant systematic errors in
estimating black hole spin and corona lamppost height once the
luminosity exceeds 20% of the Eddington Limit

Author(s): Corbin Taylor, Chris Reynolds,

Institution(s): University of Maryland, Institute of
Astronomy

134.05 - Talk Moved

Author(s):

Institution(s):

134.06 - New Quasar Microlensing Constraints on the
Spin of High Redshift Quasars(Xinyu Dai)

Gravitational microlensing provides a unique probe to study the
emission region of the innermost parts of quasar accretion disks
and the discrete lens popolution in the lensing galaxy. We
present new quasar microlensing constraints on the spin of high
redshift quasars from a joint analysis of the excess equivalent
widths of the FeK line observed in the lensed quasars. We first
confirm the positive offset from the Iwasawa-Taniguchi effect
for lensed quasars, and then performed microlensing analysis
to constrain the emission size of the reflection region and the
average spin of supermassive black holes, assuming that the X-
ray corona and the reflection region, responsible for the iron
emission line, both follow power-law emissivity profiles. The
microlensing analysis yields an emissivity index of $n > 5.8$
and a spin parameter of $a > 0.9$, suggesting that the X-ray
reflection region is ultra-compact and very close to the
innermost stable circular orbits of black holes, which are
spinning close the maximal value. The analysis represents a
new technique to measure black hole spins for high redshift
quasars.

Author(s): Xinyu Dai, Eduardo Guerras, Shaun Steele
Institution(s): University of Oklahoma

134.07 - In Search of a Final-Parsec Telescope(Daniel J
D'Orazio)

Despite their importance for understanding the mutual build-
up of supermassive black holes and their host galaxies, and the
emission of low frequency gravitational waves, there is yet no
definitive evidence for sub-parsec separation supermassive
black hole binaries (SBHBs) in galactic nuclei. I will show that
up to ~100's of putative SBHBs in nearby AGN have separations
resolvable by mm-wavelength VLBI while also having orbital
periods less than 10 years. Hence, orbital motion can be directly
probed. In optical wavelengths, the astrometric precision of
Gaia could similarly detect SBHB orbital motion by the end of
its 5 year mission. Such observations could provide the first,
and possibly only, electromagnetic form of definitive SBHB
detection and also allow a precise measurement of the binary
mass, or a novel measurement of the Hubble constant.
Author(s): Daniel J D'Orazio, Abraham Loeb

Institution(s): Harvard University

134.08 - The Search for Supermassive Black Hole
Binaries in the Time Domain

< </(Tingting Liu)

Supermassive black hole binaries (SMBHBs) should be
common products of the hierarchical growth of galaxies and the



loudest expected sources of low-frequency gravitational waves.
Periodic quasar variability has been predicted as an
electromagnetic signature of SMBHBs at sub-parsec
separations, due to modulated mass accretion or relativistic
Doppler boosting. I will present results from a systematic
search for periodically varying quasars in the Pan-STARRS1
Medium Deep Survey.

Author(s): Tingting Liu

Institution(s): University of Wisconsin - Milwaukee

134.09 - Bread and Butter Astrophysics with
Gravitational Wave Detections(K.E. Saavik Ford)

The LIGO measured rate of stellar mass black hole binary
(sBHB) mergers can be used to constrain a variety of
astrophysical processes not directly related to stellar mass black
holes. In particular, the number density of stellar mass black
holes in a typical nuclear star cluster, as well as the scale height,
density, and lifetime of a typical AGN disk can already be
usefully limited with current data. I will show current limits and
explain degeneracies. I will also discuss future expectations for
doing 'bread and butter astrophysics' with both LIGO and LISA
measurements.

Author(s): K.E. Saavik Ford, Barry McKernan,
Institution(s): CUNY Borough of Manhattan Community
College, American Museum of Natural History

135 - HAD III: Astronomical History:

Modern Times
135.01 - Astronomers' Productive Lifetimes(Peter
Broughton)

Astronomers born since 1920 generally have had a longer
formal training period than did their predecessors from the
previous century when doctorates (and post-doctoral work)
were less common. Does this imply that the average age at
which astronomers publish their first scientific paper has
increased over the years? Also, it is well-known that people
generally lead longer lives now than they did in the nineteenth
and early twentieth century. Should we therefore expect that
the average age at which astronomers write their last paper has
also increased over the years? In this paper, I attempt to answer
these questions based on astronomers born between 1820 and
1919 (according to the Biographical Encyclopedia of
Astronomers), supplemented with recently deceased members
of the AAS as listed on their HAD Division website. I have used
the SAO/NASA Astrophysics Data System (ADS) to determine
the years in which their papers were published in refereed
journals.

Author(s): Peter Broughton

Institution(s): Retired

135.02 - AstroGen: Sixth Annual Report(Joseph S.
Tenn)

The AstroGen Team continues to compile a database of the
world's astronomy-related doctoral dissertations and the
institutions that have awarded the degrees. We now have
approximately 27,000 theses listed. For each country we go
back to the beginning of the modern Ph.D. or equivalent. More
than half of the doctorates were awarded in 2000 or later. For
each thesis we try to include the author (with links to a website
or obituary), awarding institution, year of degree, thesis title,
link to the thesis if online (nearly two-thirds are), translation of
title if necessary, advisor(s), and other mentors. For universities
and other doctorate-awarding institutions, we include names
(both at time of degree and today), dates, and locations. Posting
the database on the AAS website has been delayed by major
changes in the AAS handling of IT, but we are hopeful that it
will appear within the next year. I will present some summaries
of our results to date and conduct a discussion of how we can
expand our database. We have people currently working on
France and Russia, but we need volunteers with linguistic
ability and, preferably, familiarity with the academic cultures to
take on Germany, Italy, and nearly all the countries of Asia.
Author(s): Joseph S. Tenn

Institution(s): Sonoma State University

135.03 - Astronomy Meets the Periodic Table(Virginia
Trimble)

The world chemical community is celebrating 2019 as the 150th
anniversary of Mendeleev's periodic table (there were at least 6
earlier and many later). Astronomy has been both a supplier
(helium, never mind coronium and nebulium, and relative
abundances of the elements not well represented on earth) and
a consumer (what to look for where), though nucleosynthesis is,
of course, correlated with nuclear rather than chemical
properties. Among the interesting people involved over the
years have been F.W. Clarke (US Geological Service and later a
president of the American Chemical Society), Frederick Aston
(of the mass spectrograph), Cecilia Payne (dominance of H and
He in K giants), Atkinson and Houtermans (barrier penetration
and something like the CNO cycle a decade before Bethe), and,
most famously, A.G.W. Cameron and Burbidge, Burbidge,
Fowler, and Hoyle, who put it all together in 1957. It might be
fun to look back at what these colleagues and some others did.
Author(s): Virginia Trimble,

Institution(s): Univ of California Irvine, Queen Jadwiga
Observatory

135.04 - The Dominion Astrophysical Observatory
(DAO) Celebrates 100 Years of Successes(Dennis
Crabtree)

The DAO was the world's largest operating telescope wen it
began operation in in May, 1918, The 1.8-m telescope was the
vision of John Stanley Plaskett who was also the first Director
of the observatory. The DAO, and it's early accomplishments
firmly established Canada on the world stage of modern



astrophysics and was the foundation for 100 years of Canadian
excellence in astrophysics. Construction on the telescope began
just before World War I erupted and completed 6 months
before the end of the war. The story of its initiation and
construction is one that includes politics, international
cooperation in astronomy, determination and a measure of
luck!

Author(s): Dennis Crabtree, James E. Hesser
Institution(s): National Research Council Canada

135.05 - Aden Baker Meinel - Rocket scientist,
astronomer, optical scientist, director.(James Bernard
Breckinridge)

At the age of 18 Aden was designing and fabricating optical
instruments in the shops of Mt. Wilson observatory. Japan
bombed Pearl Harbor during his sophomore year at Caltech and
he joined the campus V-12 program of the Navy to engineer and
build rockets for what became JPL. Drafted in 1944, the Navy
assigned him to Patton’s Army to find V-2 rocket technology.
After the war, the GI bill to support the completion of his
degrees in 3 years. Aden married Marjorie Pettit, a daughter of
Edison Pettit who became Aden’s science instrument
mentor.For Aden’s PhD dissertation he built a solid Schmidt
spectrograph and used IR emulsions to discover the HO bands
in the night sky. On the faculty at Yerkes he discovered that
Protons from the sun cause Aurora and thus demonstrated the
sun-earth particle connection.In 1955 Aden began site-surveys
at 4 mountain tops in the SW to identify a location for KPNO.
He was the founding director of KPNO. In the fall of 1961 Aden
moved from KPNO to be Dir. of Steward Observatory for the
three-year period before Bart Bok’s arrival. Aden’s reputation as
a telescope builder and his writings about space telescopes
attracted the interest of the Air Force space surveillance
leadership.About this same time the OSA completed a study of
the Nation’s needs in optical science and engineering research
& education. Meinel’s proposals from the UofA to the NSF and
the USAF to fund optical sciences research and education were
funded at the several million dollars level. The Optical Sciences
Center was formed in 1964 and 77,000 square foot facility was
dedicated in 1967. Aden served a director until 1971, when solar
energy consumed his time. Today the college of optical sciences
has graduated over 2,000 scientists and engineers, occupies
180,000 sq. ft. and has over 100 teaching and research
faculty.Aden received many awards during his lifetime. They
include: AAS Warner Prize & Council & AIP governing board &
TIAU Commission #9: Vice pres. (1971-73); Pres. (1973-76) & the
OSA Adolph Lomb Medal; Ives Medal; President & SPIE
Kingslake & Gold Medal & Goddard awards.

Author(s): James Bernard Breckinridge

Institution(s): University of Arizona

135.06 - Apollo Astronaut Training at Arizona’s
Observatories(Kevin Schindler)

As part of their training to explore the Moon, Apollo astronauts
visited several astronomical observatories in Arizona, including
Lowell, Kitt Peak, the Naval Observatory Flagstaff Station
(NOFS) and the campus observatory at Arizona State College
(now Northern Arizona University - NAU). This involved
comparing live observations of the Moon through telescopes
with photographs of the lunar surface, as well as studying
charts to familiarize themselves with the depiction of
topographic features. The first of this training occurred in
January 1963, when the Next 9 group of astronauts traveled to
Flagstaff. They visited Meteor Crater-to study an impact crater
like they would see on the Moon-and Sunset Crater to explore
volcanic structures. They then headed to Lowell Observatory to
learn about the lunar mapping being carried out there by the
Aeronautical Chart and Information Center (ACIC), a branch of
the United States Air Force. Later, the astronauts split into
three groups for viewing the Moon through telescopes, with one
group staying at Lowell, another going to the campus
observatory, and the third heading to NOFS. The following year,
several smaller groups of astronauts, representing the first
three classes, went to Kitt Peak during trips that also saw them
study geology elsewhere in the state. At Kitt Peak they enjoyed
the unusual opportunity of viewing the Moon through the
McMath-Pierce Solar Telescope.

Author(s): William Buckingham, Kevin Schindler
Institution(s): Lowell Observatory, NOAO

135.07 - The Hubble Space Telescope and the growth of
mass science(Christopher John Gainor)

Long before it was launched in 1990, the Hubble Space
Telescope (HST) was known as one of the ultimate examples of
Big Science, usually thought of as massive centralized science
projects. HST’s first decade of operations saw scientists using it
to form larger research groups than had been common for other
telescopes. Driven in part by its time allocation process, HST
research programs soon led to larger numbers of authors for
each paper in peer-reviewed journals in astronomy and
astrophysics. The creation of the HST data archive using
calibrated data has made its observations available to large
numbers of scientists who would otherwise not have access to
them. HST has helped facilitate the shift of astronomy from a
solitary pursuit to a mass activity. HST has also been impacted
by the wider changes affecting astronomy, including the rise of
personal computers and the internet in the 1990s. These
changes fostered the creation of research groups made up of
scientists from different institutions from different parts of the
world. Moreover, astronomers have moved to the use of
multiple instruments on Earth and in space to make their
observations across the electromagnetic spectrum. This paper
will examine HST’s role in changes that have affected how
astronomy is done since 1990. It will also place the widely
publicized HST into the context of changes that have been
taking place in astronomy in general.

Author(s): Christopher John Gainor

Institution(s): None



135.08 - Radio Source Counts, Type 1a SN, and the
Steady State Universe Revisted(Kenneth Irwin
Kellermann)

By the early 1960s, radio source observations made in
Cambridge, UK appeared to provide convincing evidence for an
evolving Universe, although radio astronomers in Sydney,
Australia claimed that their data was consistent with the Steady
State cosmological model. We now know that both the
Cambridge and Sydney data were heavily contaminated by
experimental errors, by inappropriate statistical analysis, and
by a naive understanding of the theoretical predictions. The
Sydney data were closer to current observations but they
reached the wrong conclusions. The Cambridge data was much
worse than the Sydney data; but Cambridge got the right
answer. Or did they?Proponents of the Steady State cosmology
argued that the Cambridge source counts could be understood
in terms of a local deficiency rather than a cosmological excess.
These arguments were refuted by the realization that the “local”
hole would need to be hundreds of Megaparsecs in extent, a
scale considered then to be “implausible.” But we now know
that, indeed, there are such large scale structures in the
Universe.The Steady State Universe made predictions and thus
could be tested. One such prediction was that the deceleration
constant, qo = -1, so the expansion of the Universe would be
accelerating. It is interesting to speculate, how the history of
cosmology might have been altered had the magnitude-redshift
relation of Type 1a supernovae been recognized before the 1965
discovery of the Cosmic Microwave Background by Penzias and
Wilson.

Author(s): Kenneth Irwin Kellermann

Institution(s): National Radio Astronomy Obsrvatory

135.09 - Historians, Meet the Square Kilometre Array:
Navigating the Methodological Challenges of (Very)
Contemporary History(Rebecca Charbonneau)

Having developed in the middle of the 20th century, alongside
the rise of globalization, radio astronomy is a uniquely
internationalist scientific field. This talk will briefly summarize
the history of international radio astronomy projects, leading
up to the proposal for the Square Kilometre Array, a large, on-
going international project which aims to build a radio
telescope array with one-square kilometre of collecting area.
Two primary questions will be addressed during this talk: First,
how does the SKA fit in with the larger trend of international
scientific collaborations within radio astronomy, and where
does it differ? Secondly, what sort of challenges do historians
face when studying highly-contemporary subjects, including
projects that are still under development, as is the case with the
SKA. The research this talk is based off was developed in part
from the results of a summer research project at the National
Radio Astronomy Observatory, using primary source
documents from the collection of Kenneth I. Kellermann. It is
part of a larger research project on international scientific
collaboration, which is the focus of my PhD dissertation at the

University of Cambridge.

Author(s): Rebecca Charbonneau,

Institution(s): National Radio Astronomy Observatory,
University of Cambridge

136 - Instrumentation: Airborne
136.01 - The FIREBall-2 UV balloon telescope and 2018
flight(Erika Hamden)

In this talk, I will describe briefly the telescope, instrument, and
flight of the Faint Intergalactic medium Redshifted Emission
Balloon (FIREBall-2). FIREBall-2 is a UV multi-object
spectrograph fed by a 1 meter parabola mirror. The instrument
was designed to observe 4 pre-selected fields and uses a UV
optimized delta-doped EMCCD. The telescope flew on
September 22, 2018 from Fort Sumner, NM, as part of the fall
CSBF balloon campaign. The telescope collected data for several
night hours before being cut down. I will describe the testing,
flight, and hardware preformance. Additional talks will be
presented on the calibrations and data results.

Author(s): Erika Hamden, Christopher Martin, Bruno
Milliard, David Schiminovich

Institution(s): University of Arizona, Laboratoire
d'Astrophysique de Marseille, California Institute of
Technology, Columbia University Contributing Team(s):
FIREBall- Team

136.02 - The challenging end-to-end pre-flight
calibration of FIREBall-2 at the launch base(Didier
Vibert)

The NASA/CNES co-funded instrument is a balloon-borne 1-m
telescope coupled to a UV (200 nm) multi-object spectrograph
designed to image the circum-galactic medium (CGM) in
emission from the stratosphere (~40km, 3mB).FIREBall-2
shows a wide field of view (FOV) of 20.5x37 arcmin2, a high
speed beam (f/2.5) and a spatial and spectral resolution of
respectively 4" Va5 arcsec FWHM, and 4" V42000 (I»/dI»). Nine
science or calibration masks can be selected. A guider camera in
the visible uses the full pupil flux at field locations not used for
UV targets.A UV multi-object spectrograph is, by its very
nature, at the limit of complexity of what can be calibrated at a
launch base with extremely limited GSE (Ground Support
Equipment). Indeed, a major challenge of the FIREBall-2
project was to develop a 100% self-consistent method that did
not require any GSE for all the pre-flight adjustments and
calibration or a space facility. To this end, invaluable assets of
FIREBall-2 are its siderostat which provides a full-pupil auto-
collimation capability, and the good atmospheric transmission
at 200 nm up to distances of a few tens meters.The auto-
collimation mode has been used extensively in the calibration
process, in particular to:a—[1 solve the very demanding plate
scale verification and absolute X, Y in-flight positioning of the
targets into the 6 arc seconds slits (~80 i%4m),4—0 achieve
and assess a 5 arcseconds image quality over the 0.6 degree UV
FOV with a f/2.5 aperture ratio very sensitive to focus



changes.The auto-collimation has been completed with on-sky
observation in the visible of all target fields for guidance testing
and ground reference of infinity in the guider camera.A
ZEMAX-coupled instrument model developed at LAM under
Python has been used to support this calibration (distortion -
dispersion - throughfocus analysis). This model has also been
used to make an end-to-end prediction of the observations of
the CGM emission from a large halo in a cosmological
simulation (Ramona et al. in prep).

Author(s): Didier Vibert, Vincent Picouet, Bruno MILLIARD,
Johan Montel

Institution(s): Aix Marseille Univ, CNRS, CNES, LAM,
CtrNational d'A%otudes Spatiales

136.03 - Direct Detections of CGM Gas with FIREBall-
2: First Results(Keri Hoadley)

Current cosmological theory predicts that galaxies get their
mass from matter found between galaxies - the Interstellar
Medium (IGM). One of the most compelling pieces of evidence
that connects galaxy growth to the IGM and Circumgalactic
Medium (CGM) is the evolution of star formation rates (SFRs).
Surveys probing the pace at which galaxies form new stars (e.g.,
Reddy et al., 2009; Katsianis et al., 2017) show that SFRs vary
over time, with SFRs at their lowest near the beginning of the
universe, increasing to their peak value a few billion years after
the Big Bang (z ~ 2), and finally declining to present-day rates.
The evolution of SFR over time must be physically motivated.
Evidence from limited observations of gas around galaxies and
computer simulationspoints to gas flowing into and out of
galaxies. Pristine gas from the Big Bang flows into galactic
halos, providing the fuel to form stars as it funnels into the
dense, galactic plane. Meanwhile, stars form, evolve, and
explode, expelling hot matter into the galactic halos. This
exchange of matter to and from the CGM and galaxies may be
the key to explaining the cosmic star formation history.A new
generation of astronomical instrumentation is coming on-line
to discover exactly how matter flows to and from galaxies. The
Faint Intergalactic Redshifted Emission Balloon (FIREBall-2)
takes advantage of state-of-the-art technology and instrument
design to directly observe the IGM and CGM in emission after
the epoch of peak star formation (z < 2) for the first time. We
present first results from the 2018 Ft. Sumner, NM balloon
campaign in September from the first flight of FIREBall-2.
FIREBall-2 was designed specifically to target HI-Lya emission,
O VI, and C IV lines in the CGMs around galaxies between 0.4 <
z < 1. In addition, FIREBall-2 targeted a well-known MgII-
absorbing QSO towards the end of its flight. We will present the
data reduction and first look at the data, and discuss
implications of the observations with our current
understanding of CGM properties of early redshift galaxies.
Author(s): David Schiminovich, Keri Hoadley, Christopher
Martin, Johan Montel, Didier Vibert, Bruno Milliard, Erika
Hamden, Vincent Picouet, Etienne Perot, Nicole Melso, Donal
O'Sullivan, Gillian Kyne

Institution(s): Caltech, LAM, University of Arizaon, CNES,

Columbia University Contributing Team(s): FIREBall- Team

136.04 - BLAST-TNG Antarctic Pre-Flight
Integration(Nicholas Galitzki)

The Next Generation Balloon-borne Large Aperture
Submillimeter Telescope (BLAST-TNG) is a submillimeter
mapping experiment planned for a 28 day long-duration
balloon (LDB) flight from McMurdo Station, Antarctica, with a
launch date scheduled for December 2018. BLAST-TNG will
detect polarized submillimeter emission from interstellar dust
grains with the sensitivity and resolution to probe ~0.1 parsec-
scale features that are critical to understanding the origin of
structures in the interstellar medium. BLAST-TNG will trace
magnetic fields in galactic molecular clouds to probe the earliest
stages of star formation while also providing unique
measurements of emission from the diffuse interstellar
medium, the single largest contributor to cosmic microwave
background (CMB) foreground contamination. BLAST-TNG
will also be the first balloon-borne experiment to open a quarter
of its observing time to shared risk proposals. BLAST-TNG
features three detector arrays operating at wavelengths of 250,
350, and 500 i¥am (1200, 857, and 600 GHz) comprised of
918, 469, and 272 dual-polarization pixels, respectively. Each
pixel is made up of two crossed microwave kinetic inductance
detectors (MKIDs). These arrays are cooled to 275 mK in a
cryogenic receiver. Each MKID has a different resonant
frequency, allowing hundreds of resonators to be read out on a
single transmission line. We will present preliminary results
from the pre-flight testing of BLAST-TNG prior to its scheduled
Antarctic launch. The tests will include measurements of
instrument polarization response, beam-mapping of the optical
system, detector responsivity and noise characterization, and
general flight readiness tests of the completely assembled
telescope in its flight configuration.

Author(s): Nicholas Galitzki

Institution(s): University of California San Diego
Contributing Team(s): The BLAST-TNG Collaboration

136.05 - The Compton Spectrometer and Imager
project for MeV Astronomy(John Tomsick)

The Compton Spectrometer and Imager (COSI) is a 0.2-5 MeV
Compton telescope capable of imaging, spectroscopy, and
polarimetry of astrophysical sources. Such capabilities are made
possible by COSI's germanium cross-strip detectors, which
provide high efficiency, high resolution spectroscopy, and
precise 3D positioning of photon interactions. In 2016, COSI
had a successful flight from New Zealand on a NASA
superpressure balloon. Science results from the flight include
imaging and spectroscopy of the positron annihilation emission
in the Galactic Center, polarization constraints for a gamma-ray
burst, and studies of the Crab nebula and accreting black holes.
In this presentation, we describe technical and scientific
advances for the COSI project, including advances that would



be possible with an upgrade to the balloon payload: an Explorer
Mission of Opportunity called COSI-X.

Author(s): Clio Sleator, Carolyn Kierans, Alex Lowell, Steven
E Boggs, Jarred Roberts, John Tomsick, Andreas Zoglauer,
Theresa Brandt

Institution(s): UC Berkeley, NASA/GSFC, UC San Diego
Contributing Team(s): The Compton Spectrometer and Imager
Team

137 - IGM and QSO Absorption Line Systems

I

137.01 - The DEUCE payload: Sounding Rocket EUV
Observations of Local B Stars to Determine Their
Potential for Supplying Intergalactic Ionizing
Radiation(Nicholas Erickson)

The Dual-Channel Extreme Ultraviolet Continuum Experiment
(DEUCE) is a rocket-borne spectrograph operating in the 650-
1150A range at medium resolution. DEUCE is designed to
observe the nearby B stars Epsilon and Beta CMa, providing the
first direct measurement of the flux of hot stars across the 912A
Lyman break. No such calibrated observations exist, meaning
DEUCE will serve as a unique test of current stellar models in
this critically ionizing bandpass. The primary goal of DEUCE is
to better constrain the potential contribution of B stars to IGM
ionization balance in the modern universe and gain insight into
how hot stars could have contributed to IGM ionization at
higher redshifts. We present the DEUCE science motivation,
instrument design and calibration data. Pending a successful
December 2018 launch to observe Epsilon CMa, we will also
present flight data and preliminary science results.
Author(s): Kevin France, Nicholas Erickson, John Stocke,
James Green

Institution(s): University of Colorado, Boulder

137.03 - Exploring the CRAG: The HI Covering Factor
of the ALFALFA Galaxies(Joseph Ribaudo)

We report the initial findings of our Survey of the
Circumgalactic Regions of the ALFALFA Galaxies (CRAG). We
combine the blindly detected 21-cm HI sources of the ALFALFA
catalog with archival HST/COS G130M QSO spectroscopic
observations taken from the HST Spectroscopic Legacy Archive
to quantify and characterize the circumgalactic medium (CGM)
around these local, HI-rich galaxies. We find the covering factor
of HI, as probed by Lyl+, to be near unity within 50 kpc of all
ALFALFA galaxies, regardless of HI mass, MHI. However, we
have identified a significant correlation between the extent of
the HI-bearing CGM beyond 50 kpc and MHI of the ALFALFA
galaxies. We find the galaxies with log(MHI/MAaS™) > 9.5 give
rise to Lyl+ covering factors > 0.5 out to 300 kpc, indicating the
CGM of the most HI-rich galaxies of the ALFALFA sample fills a
significant volume. At the same time we find the galaxies with
log(MHI/MAS™) < 9.5 give rise to substantively lower Lyi+
covering factors beyond 50 kpec. Most notably, the
log(MHI/MAS™) < 7.5 galaxies give rise to a Lyl+ covering

factor < 0.3 beyond 50 kpc and negligible covering factors
beyond 150 kpe. This work has been supported by NSF grant
AST-1716569.

Author(s): Joseph N. Burchett, Joseph Ribaudo, Liam
Patterson, Chelsey McMichael

Institution(s): Utica College, University of California Santa
Cruz

137.05 - Using a UVJ Classification to Reveal the Dust
Properties of MglII-Selected Galaxies in the UltraVISTA
Survey(Darren Stroupe)

We present a study using QSO spectra to probe the halos of
foreground galaxies in the COSMOS field. Intervening Mg I1
absorption lines in Sloan Digital Sky Survey (SDSS) quasar
spectra were paired with galaxies in the UltraVISTA catalog at a
impact parameter less than 200 kpc. A sample of 60 strong Mg
1T absorbers with a rest-frame equivalent width Wr (2796) 4%0¥
0.37 A..., impact parameter rp 4%o¥ 20.7 kpc, and redshift
range of 0.30 < z < 2.21 were analyzed within the framework of
a rest-frame UVJ color distribution. A bimodal population of 43
star-forming and 17 quiescent absorbers was found, with the
star-forming population further divided into 23 blue (BSF) and
20 red (RSF) star-forming absorbers. A color excess in quasars
backlighting the extended halos of BSF absorbing galaxies,
larger than that of RSF absorbing galaxies by more than a factor
of 6, and an interstellar medium obscuration (Av) in RSF
absorbing galaxies, larger than that of BSF absorbing galaxies
by nearly a factor of 2, support a model wherein metal-enriched
gas is blown out into galaxy halos by star formation-driven
winds.

Author(s): Britt Lundgren, Darren Stroupe

Institution(s): University of North Carolina at Asheville

137.02D - Dissecting the Circumgalactic Medium of
Massive Elliptical Galaxies(Fakhri S Zahedy)

While significant progress has been made in understanding
galaxy evolution, a self-consistent explanation for the diffuse
gas surrounding galaxies (the circumgalactic medium, CGM)
still eludes us. Particularly puzzling is the presence of cool
(T~104 K) gas in the gaseous halos of massive elliptical
galaxies, contrary to theoretical expectation that the gas is
predominantly hot (T>106 K). Characterizing the physical
properties of the CGM around massive ellipticals is necessary to
understand the origin of the gas and its coevolution with the
galaxies over cosmic time. I have carried out a comprehensive
investigation of the CGM gas of massive ellipticals at z~0.5,
combining high quality absorption spectra of background
quasars from the Cosmic Origins Spectrograph onboard the
Hubble Space Telescope and from ground-based telescopes.
The study finds that despite their quiescence, massive elliptical
galaxies have as much cool gas (~1010 solar masses) in their
CGM as star-forming galaxies. The observed chemical
abundance pattern of the gas indicates that the inner CGM (~10



kpc scales) has been significantly influenced by Type Ia
supernovae, whereas gas in the outer CGM (~100 kpc scales)
likely originates from the intergalactic medium. Together with
the observed large variations in gas metallicity and density
within the halos of individual galaxies, these findings suggest
that the CGM of massive ellipticals is a multiphase mixture of
gas with different chemical enrichment histories. More
importantly, these observations provide valuable insights into
physical mechanisms which are effective at destroying cool gas
before it reaches the galaxy, thereby preventing an
accumulation of cool gas within massive ellipticals which would
otherwise trigger star-formation.

Author(s): Fakhri S Zahedy

Institution(s): The University of Chicago

137.04D - Galactic Winds and the Circumgalactic
Medium(Cassandra Lochhaas)

The circumgalactic medium (CGM) is the conduit between the
formation of galaxies and the rest of the universe. Gas that
flows into the galaxy to fuel star formation must first pass
through the CGM, and galactic winds launched by star
formation feedback flow out of the galaxy into the CGM. Recent
observations reveal puzzling aspects of the CGM: a large mass
of cool gas extending to galactocentric radii of hundreds of kpc
traveling at a few hundred km/s, present in the CGM of both
star-forming and passive galaxies. I will discuss my dissertation
research, which focuses on producing a physical picture of the
CGM to explain these observations. I will present my analytic
model for a galactic wind-blown bubble that shocks on and
sweeps up gas in the CGM, and show that if the mass-loading of
the wind is large, the bubble's shell radiatively cools to produce
cool and dense gas. The bubble evolves slowly to hundreds of
kpe, and continues to expand for 5-10 Gyr, long after the
driving star formation feedback has ceased and the galaxy has
become passive. Despite the idealized nature of this model, it
captures the key pieces of physics to predict the observational
results. I will also discuss my work to characterize the simulated
CGM in idealized, high-resolution simulations, and show that
the CGM cannot be well-characterized by a hydrostatic gaseous
halo; it is strongly driven by the dynamics of outflows and
accretion inflows, especially in low-mass halos. Finally, I will
present my analysis of an exquisite, high signal-to-noise Hubble
Space Telescope spectrum of a background quasar behind the
CGM of two galaxies at different redshifts, in which I find
evidence of a variety of kinematics and multiple ionization
processes occurring within each gaseous halo. This three-
pronged investigative approach across analytics, simulations,
and observations produces a picture of the CGM as not just
multiphase, but also dynamic. A complete, physically-motivated
model of the CGM is crucial for understanding the cycles of gas
into and out of galaxies and other open problems in galaxy
formation.

Author(s): Todd A. Thompson, Cassandra Lochhaas
Institution(s): The Ohio State University

138 - Plenary Lecture: “Make No Small
Plans” (George Ellery Hale, 1868-1938),

David DeVorkin (Smithsonian Institution)
138.01 - “Make No Small Plans” (George Ellery Hale,
1868-1938)(David H. DeVorkin)

As part of the AAS’s observance of the 150th year of Hale’s
birth, I will recall Hale’s efforts to make astronomy problem
based, to promote observing programs based upon questions
that arise from theory and, most of all, from applying the
instruments and methods of physics. Hale was well known for
advising others to “Make no small plans,” as his Mount Wilson
colleague F. H. Seares recalled a year after his death. Seares
interpreted this to mean the integration of physics and
astronomy, but over time it came to be regarded as his creation
of the world’s largest telescopes, four times. Further, as Daniel
Kevles has noted, Hale’s call not only related to the doing of
scientific research, but to its promotion, its application in
wartime, and eventually to its international organization,
cooperation, and control.[1]Here I will concentrate on Hale’s
call as it related to the doing of research and to its coordination.
Vignettes will include his penchant to link the laboratory to the
stars via telescopes designed specifically to solve astrophysical
problems, his efforts to attract physicists to Yerkes and then
Mount Wilson and Caltech, and his creation of the International
Union for Cooperation in Solar Research and its extension to
the stars in 1910. [1] Daniel Kevles, The Physicists (Vintage,
1979), 107-108.

Author(s): David H. DeVorkin

Institution(s): Smithsonian

139 - Plenary Prize Lecture: Newton Lacy
Pierce Prize: The Obscured Early Universe,

Caitlin Casey (University of Texas at Austin)
The Obscured Early Universe(Caitlin M Casey)

The rich 14 billion year-old story of our Universe - from the
gravitational collapse of matter to the formation and evolution
of galaxies, the growth of stars and planets, and the physics of
the cosmos - has been pieced together using the world’s most
powerful telescopes. Predominantly, it is stellar light that has
given us this story. And yet, stars themselves only shed light on
a small fraction of the cosmos. Diffuse gas makes up the lion’s
share of baryonic material in the Universe, and dust, though
negligible by mass, effectively obscures and reprocesses half of
all stellar emission. I will summarize the observational leaps
taken in the past ten years to study the distant, obscured
Universe, and the new perspective this work has given us on our
own cosmic history through the census of cold gas and dust in
the first few billion years after the Big Bang.

Author(s): Caitlin M Casey

Institution(s): University of Texas at Austin



140 - Extrasolar Planets: Detection -- Posters
140.01 - An Updated Cool Dwarf Catalog for the
Transiting Exoplanet Survey Satellite Using Gaia
DR2(Jay S Chittidi)

We present an updated catalog of cool dwarf stars for the
recently launched Transiting Exoplanet Survey Satellite (TESS)
for the purpose of selecting targets for two-minute cadence
observations. At launch, TESS was provided a similar catalog of
cool dwarfs whose stellar parameters were approximated using
proper motions and - where they existed - archival parallax
measurements. Most targets therefore have significant
uncertainties. Now, with the highly anticipated Gaia DR2
parallax measurements released in April 2018, we updated
stellar parameters where we are able to determine a cross-
match with confidence, as well as determined new targets from
a cross-match between Gaia and 2MASS. We anticipate delivery
to TESS by the end of 2018, at which point it will have
completed about one fourth of its mission. With the updated
catalog, we hope that TESS will discover Earth-sized and sub-
Earth-sized exoplanets around late K and M-dwarf type stars
with a higher planet yield. This project was supported in part by
the NSF REU grant AST-1757321 and by the Nantucket Maria
Mitchell Association.

Author(s): Philip Steven Muirhead, Regina A. Jorgenson,
Barbara Rojas-Ayala, Jay S Chittidi,

Institution(s): Vassar College, Boston University, Maria
Mitchell Observatory, Universidad Andrés Bello

140.02 - Tracking the TESS Pipeline(Douglas Caldwell)

The Transiting Exoplanet Survey Satellite (TESS) Mission was
launched April 18 2018 and started science observations July 25
2018. TESS will observe most of the sky over two years in a
series of thirteen 28-day sectors in each of the southern and
northern hemispheres. The Science Processing Operations
Center (SPOC) was developed at NASA Ames Research Center
based on the Kepler Mission science pipeline and will generate
calibrated target pixels and light curves for 16 thousand targets
sampled at a 2 minute cadence, as well as calibrated full frame
images (FFIs) sampled at 30 minutes. In order to ensure this
deluge of science data coming from the pipeline is being
properly calibrated and processed, we have developed a series
of data analysis metrics and status plots that are used to assess
the instrument and pipeline performance. Originally based on
the Data Analysis Working Group (DAWG) from Kepler, these
metrics have been updated and further automated to allow for
rapid review. We will present some of the DAWG products for
TESS from pixel level calibration, through transiting planet
search results.

Author(s): Douglas Caldwell

Institution(s): SETI Institute Contributing Team(s): TESS
Science Processing Operations Center

140.03 - TESS SPOC Pipeline Data Validation
Products: Now Available at MAST(Joseph Twicken)

Two-minute data acquired by the Transiting Exoplanet Survey
Satellite (TESS) for 16,000+ stellar targets in each observing
sector are processed in the Science Processing Operations
Center (SPOC) Science Pipeline at NASA Ames Research
Center. The automated Science Pipeline generates photometric
light curves for all target stars and issues Threshold Crossing
Events (TCEs) for potential transiting planet candidates. Many
of the TCEs are triggered by instrument artifacts, eclipsing
binaries, or other astrophysical false positives. To aid in
discrimination between potential planets and false positive
detections, limb-darkened transiting planet models are fitted to
the respective light curves and a suite of diagnostic tests is
performed for all TCEs. Iterative model fitting and transiting
planet search support the identification of multiple TCEs per
target star. Results for each purported planetary system are
written to a comprehensive PDF document called the Data
Validation (DV) Report. The Report includes a summary of the
primary DV findings, detailed model fit and diagnostic test
results (based upon prior stellar parameters), and a variety of
diagnostic figures. A one-page Report Summary is also
generated in PDF format for each TCE. The Report Summary
provides an overview of the key DV results for each potential
transiting planet candidate. All DV products are distributed to
the science community and public at large through the Mikulski
Archive for Space Telescopes (MAST; archive.stsci.edu/tess)
hosted by the Space Telescope Science Institute (STScI). We
present an overview of the DV archive products with the
purpose of informing future users about the wealth of
information that is available to them for assessing planet
candidates identified in the TESS SPOC Pipeline. Specific
examples are highlighted that demonstrate the utility of the DV
products for distinguishing between legitimate planet
candidates and false positive detections. Funding for the TESS
Mission has been provided by the NASA Science Mission
Directorate.

Author(s): Mark E Rose, Peter Tenenbaum, Douglas A
Caldwell, Robert L Morris, Eric B Ting, Jie Li, Bill Wohler,
Joseph Twicken, Jeffrey C Smith, Jon Michael Jenkins, Misty D
Davies

Institution(s): SETI Institute, Leidos, NASA Ames Research
Center

140.04 - The TESS Objects of Interest Process(Ana
Glidden)

The Transiting Exoplanet Survey Satellite (TESS) is NASA’s
newest exoplanet hunter. Launched in the spring of 2018, TESS
began its two-year science mission to image nearly the entire
sky on July 25, 2018. Each observing sector lasts for two ~13
day orbits. At perigee, data is downlinked back to MIT’s Payload
Operations Center (POC) through the Deep Space Network. The
POC converts the data and delivers it to the NASA Ames

Science Processing Operations Center (SPOC) where it is



calibrated and sent through their pipeline. The pipeline
searches for threshold crossing events (TCEs) in the 2-minute
postage stamp data. Concurrently at MIT, the 30-minute full-
frame images are sent through MIT’s Quick Look Pipeline to
search for additional TCEs. TCEs with high enough significance
are converted into a data validation report. These reports are
then fed into MIT’s TESS Exoplanet Vetter (TEV). TEV is a
web-based tool that allows human vetters to view the reports
and easily share their assessment with the rest of the vetting
team. Vetting is split into two stages. First, each object is
reviewed by up to four individual vetters to determine its
disposition. Potential dispositions are Planet Candidate,
Eclipsing Binary, Stellar Variability, Instrument Noise, Other
Astrophysical, and Undecided. Next, objects that are potential
Planet Candidates are sent to a group review for further
validation. Planet Candidates that survive group review are
quickly shared with the community and the TESS Follow-up
Observing Program (TFOP). TFOP coordinates observations of
these candidates to confirm and characterize them as planets or
reject them as false positives. The TESS Objects of Interest
(TOI) Catalog is crafted from the final dispositions of each
object, excluding signals caused by instrument noise. The TOI
Catalog will be made public no later than January 2019 on the
MIT TESS website and ExoFOP-TESS.

Author(s): Ana Glidden

Institution(s): MIT Contributing Team(s): TESS Team

140.05 - TESS Follow-up Observing Program Working
Group (TFOP WG) Sub Group 1 (SG1):

Ground-based Time-series Photometry(Karen Collins)

The Transiting Exoplanet Survey Satellite (TESS) will observe
most of the sky over a period of two years, divided into 26
sectors that are each observed for ~27 days. TESS data are
expected to produce hundreds of transiting planet candidates
(PCs) per month and thousands over the two year nominal
mission. The TFOP WG is a mission-led effort organized to
efficiently provide follow-up observations to confirm candidates
as planets or reject them as false positives. The primary goal of
the TFOP WG is to facilitate achievement of the Level One
Science Requirement to measure masses for 50 transiting
planets smaller than 4 Earth radii. Secondary goals are to serve
any science coming out of TESS and to foster communication
and coordination both within the TESS Science Team and with
the community at large.The TFOP WG is organized as five Sub
Groups (SGs). This poster presents TFOP SG1: Ground-based
Time-series Photometry. TESS has 21 arcsec pixels and
photometric apertures with radius ~1 arcmin, which are often
contaminated with multiple stars. The primary goals of the SG1
team are to determine the source of a TESS detection and/or
identify photometric false positives prior to conducting
observations with more precious follow-up resources that
produce high-resolution imaging and precise radial velocities.
Where possible, SG1 observations are also used to improve
TESS ephemerides, light curves, and/or transit time variation
(TTV) measurements. We describe the TFOP SG1 goals,

strategy, observation planning and coordination web-based
tools, priorities, preferred capabilities of SG1 team members,
and how to apply to join the team.

Author(s): Karen Collins

Institution(s): Harvard-Smithsonian Center for Astrophysics
Contributing Team(s): TFOP SG Team

140.06 - TESS Follow-up Observing Program Working
Group (TFOP WG) Sub Group 2 (SG2):
Reconnaissance Spectroscopy(Samuel N Quinn)

The Transiting Exoplanet Survey Satellite (TESS) will observe
most of the sky over a period of two years, divided into 26
sectors that are each observed for ~27 days. TESS data are
expected to produce hundreds of transiting planet candidates
(PCs) per month and thousands over the two year nominal
mission. The TFOP WG is a mission-led effort organized to
efficiently provide follow-up observations to confirm candidates
as planets or reject them as false positives. The primary goal of
the TFOP WG is to facilitate achievement of the Level One
Science Requirement to measure masses for 50 transiting
planets smaller than 4 Earth radii. Secondary goals are to serve
any science coming out of TESS and to foster communication
and coordination both within the TESS Science Team and with
the community at large.This poster presents TFOP SG2:
Reconnaissance Spectroscopy. While very few facilities can
measure the Doppler signature of a small planet orbiting its
host star, a far greater number can provide valuable
spectroscopic observations to weed out false positives, assess
the suitability of a star for precise radial velocity (RV)
measurements, and measure the orbits of large or short-period
planets. SG2 uses high-resolution spectroscopy with RV
precisions ranging from 3 to 300 m/s to detect eclipsing
binaries and composite spectra, derive stellar parameters, and
confirm and characterize large TESS planets. These
observations enable the efficient use of high-resolution
imaging, precise RV, and space-based facilities. We describe the
SG2 goals, strategy, and observation planning and
coordination.

Author(s): Samuel N Quinn

Institution(s): Harvard-Smithsonian Center for Astrophysics
Contributing Team(s): The TESS Follow-Up Observing
Program Working Group (TFOP WG) and the TESS Team

140.07 - TESS Follow-up Observing Program Working
Group (TFOP WG) Sub Group 3 (SG3): High
Resolution Imaging(David Ciardi)

The Transiting Exoplanet Survey Satellite (TESS) will observe
most of the sky over a period of two years, divided into 26
sectors that are each observed for ~27 days. TESS data are
expected to produce hundreds of transiting planet candidates
(PCs) per month and thousands over the two year nominal
mission. The TFOP WG is a mission-led effort organized to
efficiently provide follow-up observations to confirm candidates



as planets or reject them as false positives. The primary goal of
the TFOP WG is to facilitate achievement of the Level One
Science Requirement to measure masses for 50 transiting
planets smaller than 4 Earth radii. Secondary goals are to serve
any science coming out of TESS and to foster communication
and coordination both within the TESS Science Team and with
the community at large.This poster presents TFOP subgroup
(SG) 3: High Resolution Imaging. SG3 will use ground-based
facilities with high resolution imaging capabilities to obtain
better than seeing limited imaging observations (<1") of TESS
candidate host stars to search for companion stars. Detection of
stellar companions is necessary for the accurate assessment of
the photometric dilution of the observed transits and for the
determination of accurate planetary radii, as well as, for
screening candidates prior to the observation with precision
radial velocity resources (SG4). We describe the SG3 goals,
priorities, strategy and organization of the SG3 subgroup.
Author(s): David Ciardi

Institution(s): Caltech Contributing Team(s): The TESS
Follow-Up Observing Program Working Group (TFOPWG) and
the TESS Team

140.08 - TESS Follow-up Observing Program Working
Group (TFOP WG) Sub Group 5 (SG5): Space-based
Photometry(Diana Dragomir)

The Transiting Exoplanet Survey Satellite (TESS) will observe
most of the sky over a period of two years, divided into 26
sectors that are each observed for ~27 days. TESS data are
expected to produce hundreds of transiting planet candidates
(PCs) per month and thousands over the two year nominal
mission. The TFOP WG is a mission-led effort organized to
efficiently provide follow-up observations to confirm candidates
as planets or reject them as false positives. The primary goal of
the TFOP WG is to facilitate achievement of the Level One
Science Requirement to measure masses for 50 transiting
planets smaller than 4 Earth radii. Secondary goals are to serve
any science coming out of TESS and to foster communication
and coordination both within the TESS Science Team and with
the community at large. The TFOP WG is organized as five Sub
Groups (SGs). This poster presents TFOP SG5: Space-Based
Photometry. SG5 will use facilities such as HST, Spitzer, MOST
and CHEOPS to confirm and/or improve the photometric
ephemerides provided by TESS, but also to provide improved
light curves for transit events or even transit timing variations
in some cases. Planet candidates with shallow or very long
transits that are challenging to observe from the ground will be
prioritized for SG5 resources. We describe the SG5 goals,
priorities, strategy and preferred capabilities of SG5 team
members, and how to apply to join the team.

Author(s): Ian Crossfield, Diana Dragomir, Jessie
Christiansen, Sara Seager, David Ciardi, Samuel N Quinn,
Karen Collins, David W Latham

Institution(s): MIT, IPAC/Caltech, Harvard

140.09 - TESS Follow-up Observing Program Working
Group (TFOP WG): The ExoFOP-TESS Website(Rachel
Akeson)

The Transiting Exoplanet Survey Satellite (TESS) will observe
most of the sky over a period of two years, divided into 26
sectors that are each observed for ~27 days. TESS data are
expected to produce hundreds of transiting planet candidates
(PCs) per month and thousands over the two year nominal
mission. The TFOP WG is a mission-led effort organized to
efficiently provide follow-up observations to confirm candidates
as planets or reject them as false positives. The primary goal of
the TFOP WG is to facilitate achievement of the Level One
Science Requirement to measure masses for 50 transiting
planets smaller than 4 Earth radii. Secondary goals are to serve
any science coming out of TESS and to foster communication
and coordination both within the TESS Science Team and with
the community at large.This poster presents the ExoFOP-TESS
website which is used by the TESS Follow-up Observing
Program Working Group and the general community to share
information about observations, data and parameters derived
from the observations, and notes about the targets. The
ExoFOP-TESS site has all of the project identified planetary
candidates, and all of the TFOPWG data is being uploaded to
the ExoFOP-TESS site. The site is developed and operated by
the NASA Exoplanet Science Institute and can be found at
https://exofop.ipac.caltech.edu

Author(s): Rachel Akeson, Jessie Christiansen
Institution(s): Caltech/TPAC-NExScI Contributing Team(s):
The TESS Follow-Up Observing Program Working Group
(TFOPWG), The TESS Team

140.10 - Multiband Photometry Simulations to Predict
MuSCAT and MuSCATz2 Capabilities to Distinguish
TESS-discovered Exoplanets from False
Positives(Dana Louie)

The Transiting Exoplanet Survey Satellite (TESS) is currently
conducting its 2-year science mission searching most of the sky
for transiting exoplanets. Barclay et al. (2018) predict that TESS
will discover thousands of new candidate exoplanets, but these
exoplanets must be distinguished from astrophysical false
positives using other instruments or techniques. The Japanese-
developed 3-band Multi-color Simultaneous Camera for
Studying Atmospheres of Transiting Planets (MuSCAT), as well
as the 4-band MuSCAT2, can be used to validate TESS
discoveries. Transits of exoplanets are achromatic when
observed in multiple bandpasses, while transit depths for false
positives often vary with wavelength. Our goal is to simulate
MuSCAT/MuSCATz2 follow-up observations to reveal which
planet candidates can be efficiently validated using
MuSCAT/MuSCATz2, and which must be validated using other
techniques. This will allow the TESS Follow-Up Observing
Program (TFOP) working group to better prioritize and
optimize validations of TESS detections. We provide two
software tools to assist TFOP in planning MuSCAT follow-up



observations: 1.) A code to produce simulated light curves of
exoplanets and false positives observed using
MuSCAT/MuSCAT?2; 2.) A code that will read a list of
parameters for several TESS targets of interest (TOIs), and
output the sensitivities in each MuSCAT/MuSCAT2 bandpass
for effective planet versus false-positive discrimination. We
model observations starting with a model stellar spectrum and
ending with detection of electrons on the MuSCAT/MuSCAT2
CCD arrays. We scale the stellar flux to the star’s apparent
magnitude, model the effects of refraction and transmission
through Earth’s atmosphere, and include noise sources from
the target star, comparison stars, sky background, scintillation,
and CCD read noise. We model MuSCAT/MuSCAT2 instrument
performance as reported by Narita et al. (2015, 2018). We
demonstrate our tools by applying them to the Barclay et al.
predicted TESS discoveries, as well as the Collins et al. (2018)
false positive catalog.

Author(s): Dana Louie, Norio Narita, Drake Deming
Institution(s): University of Maryland, University of Tokyo

140.11 - Follow-up of K2 Planet Candidates from TFOP-
SG1(Allyson Bieryla)

Using the resources of the TESS Follow-up Observing Program
(TFOP) time-series photometry subgroup (SG1), we undertook
a project to observe previously published K2 candidate and
validated planets while practicing observing techniques that are
now being applied to follow-up TESS planet candidates. Our
primary scientific goal was to classify the K2 targets as false
positives or "SG1 certified" candidate or validated planets using
two main strategies. The first method applies to K2 events that
are deep enough to be detected (for a given host star brightness)
with our ground-based resources. For these cases, SG1
certification required the detection of the transit within the
follow-up target star aperture and furthermore that no
photometric false positive (FP) scenarios exist within the
follow-up aperture. The second method applies transit events
that are too shallow to be detected using our ground-based
telescopes. For these cases, SG1 certification required the
elimination of all potential sources of eclipsing binaries (NEBs)
down to a delta magnitude that could cause the K2 detection, as
well as best efforts to rule out the well known Kepler/K2
column anomaly (Coughlin et al. 2014). We later expanded our
project using the Tillinghast Reflector Echelle Spectrograph
(TRES) on the 1.5-m telescope at the Fred Lawrence Whipple
Observatory (FLWO) to obtain reconnaissance spectra, and
when possible, to search for additional false positive scenarios
or to attempt to confirm a candidate as a planet. We report the
SG1 certified planet candidates and confirmed false positives
from this work.

Author(s): Andrew Vanderburg, Andrea ercolino, Allyson
Bieryla, Giovanni Isopi, Kevin I Collins, Karen Collins, David W
Latham

Institution(s): Campo Catino Astronomical Observatory,
Vanderbilt University, Harvard-Smithsonian Center for
Astrophysics, University of Texas Contributing Team(s): TFOP
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140.12 - Undergraduates Can Find Planets Too(Alex D
Spencer)

Brigham Young University (BYU) has been assisting in the
ground-based follow-up of extrasolar planet candidates
detected by the KELT telescope using our 0.4-meter and 0.9-
meter telescopes. In preparation to follow-up future planet
candidates identified by TESS, we are working to optimize our
data reduction process using an automated program. Currently,
before any reduction can take place, someone must manually
extract all the HJD times from each image, feed them into a
webpage hosted by the Ohio State University, and then covert
the HJD times to BJD. With busy class and work schedules,
data often sits for weeks while waiting for this one simple step
to be manually performed. To circumvent this problem, I am
developing a program that will automatically update the
headers, convert the HJD values to BJD, and then process the
data in preparation for light curve analysis. We anticipate that
this program will save our department up to 150 hours of
research time each year. With a modest telescope, some simple
computer programs, and a little bit of time, our students can
assist in some of the most important extrasolar planet
discoveries that will take place over the next few years.
Author(s): Alex D Spencer, Denise Stephens
Institution(s): Brigham Young University

140.13 - Ephemeris Degeneration in TESS
Targets(Mallory Harris)

The Transiting Exoplanet Survey Satellite (TESS), launched
April 2018, will detect exoplanet candidates around bright stars
to later be confirmed using ground-based telescopes. Many of
these targets will be left unobserved for some time after the
TESS observations, causing knowledge of the ephemerides (the
position of exoplanets in their orbit at a specific time) to
deteriorate as initial measurement error compiles with each
subsequent unobserved orbit. Mock observations by TESS were
modeled through use of a simulated population of exoplanets to
deduce the error with which predictions of future transit events
can be made and how that error increases as time elapses. This
knowledge of how the ephemerides expire allows prioritization
of candidates for follow-up observations and the efficient use of
valuable telescope time.

Author(s): Steven Villanueva, Diana Dragomir, Thomas
Barclay, Mallory Harris, Joshua Pepper

Institution(s): New College of Florida, MIT, Lehigh
University, NASA Goddard Space Flight Center



140.14 - A Complete Survey of the Southern Sky with
TESS Full-Frame Images(Adina Feinstein)

The Kepler/K2 Mission queued us in to how many transiting
planets exist in the galaxy; however, we have yet to obtain a
large sample of transiting planets across the remaining 85% of
the sky. The identification and follow-up observations of
transiting planets can inform us about planet characteristics,
such as densities and atmospheric properties, as well as
differing planet-system architectures which will allow us to
better understand planet formation and evolution. Every 26
days, the Transiting Exoplanet Survey Satellite (TESS) observes
a new 96x24A° sector of the sky at 30 minute cadence as Full-
Frame Images, enabling the detection of thousands of
previously undiscovered planets across the sky. We have
created open-source software that will provide light curves for
25 million sources in the TESS Input Catalog brighter than I=16
with expected 1% precision throughout the Southern
Hemisphere. We will use both aperture and PSF photometry to
identify and characterize transiting planets. Our techniques
have been tested and optimized using the TESS End-To-End 6
simulated data. We will release a catalog of objects of interest
(e.g. planet candidates, eclipsing binaries, stellar astrophysics)
to the community through ExoFOP-TESS; the catalogs will also
contain best-fit parameters for planet candidates and eclipsing
binaries to enable rapid follow-up observations. Cadence
stacked images, raw, and detrended light curves for each
analyzed sta will be hosted on MAST and ExoFOP-TESS for
everybody in the community to access.

Author(s): Rodrigo Luger, Benjamin Montet, MEgan Bedell,
Jessie Christiansen, Nicholas Saunders, Daniel Scolnic,
Christina L Hedges, Daniel Foreman-Mackey, Adina Feinstein,
Jose Vinicius De Miranda Cardoso
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140.15 - Observations of the Kepler Field with TESS:
Predictions for Planet Yield and Observable
Features(Callista Christ)

We examine the ability of the Transiting Exoplanet Survey
Satellite (TESS) to detect and improve our understanding of
planetary systems in the Kepler field. By modeling the expected
transits of all confirmed and candidate planets detected by
Kepler as expected to be observed by TESS, we find that TESS
has a greater than 50% chance of detecting 2777 of these signals
at the 3If level in one sector of observations and an additional
128 planets in two sectors. Most of these are large planets in
short orbits around their host stars, although a small number of
rocky planets are expected to be recovered. Most of these
systems have only one known transiting planet; in only 4" %4 5
percent of known multiply- transiting systems do we anticipate
more than one planet to be recovered. When these planets are
recovered, we expect TESS to be a powerful tool to
characterizing transit timing variations. Using Kepler-88 (KOI-
142) as an example, we show that TESS will improve

measurements of planet-star mass ratios and orbital
parameters, and significantly reduce the transit timing
uncertainty in future years. Since TESS will be most sensitive to
hot Jupiters, we research whether TESS will be able to detect
tidal orbital decay in these systems. We find two confirmed
planetary systems (Kepler-2 b and Kepler-13 b) and five
candidate systems that will be good candidates to detect tidal
decay.

Author(s): Daniel Fabrycky, Benjamin Montet, Callista Christ
Institution(s): University of Chicago

140.16 - Identifying Transiting Exoplanets in with Deep
Learning in K2 Data(Anne Dattilo)

NASA’s Kepler Space Telescope looks for and has discovered
thousands of transiting exoplanets. In its extended K2 mission,
Kepler has searched for exoplanets across the ecliptic plane,
and therefore in different galactic environments. Astronomers
want to learn how the population of exoplanets are different in
these different environments. However, there is a need for an
automatic and unbiased way to identify the exoplanets in these
regions and rule out false positive signals that mimic
astrophysical signals to do this. We present a method for
classifying these exoplanet signals using deep learning, a type of
machine learning algorithm that has become popular in fields
ranging from medical science to linguistics. We modified a
neural network previously used to identify exoplanets in the
Kepler field to be able to identify exoplanets in different K2
campaigns. We train a convolutional neural network to predict
whether a given possible exoplanet signal is really caused by a
transiting exoplanet or a false positive caused by astrophysical
or instrumental phenomena. Our neural network is highly
successful at identifying exoplanets, with accuracy of 98%. We
use this method to identify two previously unknown exoplanets.
Our method is a step towards being able to automatically
identify new exoplanets and learn about how exoplanet
populations depend on their galactic birthplace.

Author(s): Christopher Shallue, Andrew Vanderburg, Anne
Dattilo

Institution(s): The University of Texas at Austin, Google
Brain

140.17 - Searching for planets around the brightest
stars in K2(Ismael Mireles)

Very bright solar type stars provide a great opportunity for
radial velocity and atmospheric follow-up of transiting
exoplanets. The K2 mission has largely avoided such stars
because they strongly saturate the detector and are often
contaminated by fainter field stars in the field of view. The
brightest star with a confirmed exoplanet is EPIC 205904628,
with KP = 8.2. We use the technique outlined by White et al.
(2017) which analyzes the extended emission halo around the
saturated central pixels in order to study the 900+ stars
brighter than magnitude 8.2. We generate light curves for ~400



uncontaminated stars and search for planetary signals. We
identify stellar variability signals, including signals from
Cepheid variables and eclipsing binaries. We explore at what
magnitude this halo technique is comparable to traditional
techniques. For the ~500 bright stars contaminated by nearby
stars, we use a combination of star finding algorithms and
catalog searches to separate the various stellar signals from
false positives in order to better analyze the bright stars
contaminated by fainter stars. These techniques may be useful
for TESS and other transiting searches that deal with bright
stars in crowded fields. This K2 survey, which is in the ecliptic,
complements the TESS search, as TESS largely avoids the
ecliptic. This work aims to analyze bright stars inaccessible to
TESS and that have been problematic for the standard K2
reduction routines, in order to find planets optimal for further
characterization.

Author(s): Michael Henderson, Ismael Mireles, Seth Redfield
Institution(s): Wesleyan University

140.18 - High Precision Photometry of Faint White
Dwarf Stars from K2 Data(Michael Henderson)

In order to reduce data from faint targets in crowded fields in
K2, the second phase of the Kepler Space Telescope’s mission,
we have modified codes developed by Vanderburg et al. (2011)
and Van Eylen et al. (2014) to utilize the point spread function
(PSF) to obtain high quality light curves. The code is optimized
for faint targets (Kp > 15.5) in the K2 field by utilizing the
concept of effective point-spread function (ePSF). The
modifications are particularly useful when searching for
transiting signals around white dwarf stars, such as
WD1145+017, which was discovered in K2 data to have
disintegrating asteroids in 4.5 hour orbits. The technique will
also extract targets from a crowded field and extended emission
of bright star halos in order to produce light curves and search
for transiting bodies. We present comparisons of light curves
using this technique to more traditional methods as well as
provide the results of transit searches of the most recently
observed faint white dwarfs. Future work will include applying
the code to faint targets observed by the latest transiting
exoplanet space mission, the Transiting Exoplanet Survey
Satellite (TESS).

Author(s): Ismael Mireles, Michael Henderson, Seth Redfield
Institution(s): Weselyan University

140.19 - Constraining Planet Occurrence Around
Ultracool Dwarfs Observed by K2(Sheila Angela
Sagear)

Though we expect many planets around ultracool dwarfs, few
have been detected. The K2 mission presents a unique
opportunity to search for transiting planets around a large
sample of ultracool dwarfs and place constraints on planet
occurrence at the bottom of the main sequence. Planet
detection using the transit method is dependent not only on

geometric transit probability but also the effectiveness of
transit-searching methods. In this work, we use K2
observations to measure transit detection efficiency in ultracool
dwarfs and use our transit detection efficiency to calculate an
upper limit on the planet occurrence rate. We measure our
ability to recover various types of transits around dwarfs at the
M/L transition. We inject synthetic planetary transits of radii
from 0.1 to 3.5 Earth radii and of periods from 0.3 to 26 days
into 382 K2 light curves of late-type M and L dwarfs. We
attempt to recover them using Box-Least Squares and
Levenberg-Marquardt optimization methods. We then calculate
a detection efficiency, or fraction recovered, and a threshold of
detectability relating to orbital period and radius for each
dwarf. We present an upper limit on the planet occurrence rate,
as well as constraints on the probability of seeing no planets
around a given number of ultracool dwarfs.

Author(s): Philip Steven Muirhead, Julie N Skinner, Sheila
Angela Sagear

Institution(s): Boston University, Smith College

140.20 - The Impact of Small Statistics on Identifying
Background False Positives in Kepler Data(Steve
Bryson)

Background false positives are a significant source of false
positives in exoplanet transit surveys such as NASA’s Kepler
mission. Therefore the ability to reliably distinguish
background binaries from true exoplanets is critical in the
creation of high reliability exoplanet catalogs. Background
binaries are typically identified via centroid analysis, which can
distinguish the sky location of the transit signal from the
observed target star. The Kepler mission has applied a “three-
sigma” criterion, where the transit source is considered a
background object if the mean of the centroid measurements is
three sigma from the target star. This criterion assumes the
false positive probability from Gaussian statistics. When there
are few centroid measurements, however, the mean of
Gaussian-distributed measurements follows Student’s t-
distribution instead of a Gaussian distribution. The larger tails
of the t-distribution imply that the centroid mean can be farther
from the target star with the same false-positive probability.
This is particularly the case for long-period exoplanets, where
there are few observed transits. We we present an analysis of
Kepler centroid data using Student’s t-distribution. We find
several long-period exoplanets that are currently determined to
be false positives due to the Gaussian three-sigma centroid
offset criterion that would not be false positives according to the
t-distribution. We present a correction factor that depends on
the number of centroid measurements which can be applied to
the centroid offsets on the NExSci exoplanet archive. While the
number of false positives returned to candidate exoplanet status
is small, they are at long period where there are few such
candidates. Exoplanet demographic studies oriented towards
long period are potentially strongly impacted by these
corrections. These considerations will also be important for
surveys with shorter observation times such as TESS.
Author(s): Steve Bryson



Institution(s): NASA Ames Research Center Contributing
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140.21 - Single-transit Long-Period Giant Planet
Detections with LSST(Derek Buzasi)

The Large Synoptic Survey Telescope (LSST) plans to conduct a
10-year survey of some 18000 square degrees of the southern
sky, reaching approximately 24th magnitude in six optical
bands and providing coarse temporal coverage of billions of
potentially variable stellar sources. Previous work has examined
the utility of LSST for exoplanet science and concluded that we
should anticipate the detection of thousands of transiting
planets, typically hot Jupiters and other short-period systems.
In this work, I examine the utility of the Deep Drilling Fields for
the detection of single-transit events caused by giant transiting
planets with orbital periods from 2-25 years. Fewer than 10
such transiting planets are now known, making this a relatively
undersampled population despite its importance in our own
solar system, and simulations have predicted that TESS will
find very few (if any) such planets. Here I show that LSST has
the potential to increase our detections of such planets by more
than an order of magnitude, and the nature of the Deep Drilling
fields makes these detections uniquely amenable to ground-
based confirmation and follow-up.

Author(s): Derek Buzasi

Institution(s): Florida Gulf Coast University

140.22 - Photometric results of the 12 Pictoris b Hill
sphere transit as observed by bRing, ASTEP, BRITE,
and the HST(Samuel N Mellon)

The 12 Pictoris b Hill Sphere transit occurred between early-
2017 and early-2018. During this event, high precision, high
cadence photometry of 12 Pictoris was obtained by the bRing (2
Pictoris b Ring) and ASTEP (Antarctic Search for Transiting
ExoPlanets) ground-based observatories, the BRITE (Bright
Target Explorer) satellite, and the HST (Hubble Space
Telescope). The data from each source were combined and
analyzed to search for evidence of occultation of the star by
circumplanetary matter. While the star's pulsations were
detected, none of the surveys detected any unexplained
fluctuations, which might have been due to circumplanetary
matter. This poster presents the overall light curve of i2 Pictoris
during the Hill sphere transit and presents preliminary
estimates of upper limits on the amount of circumplanetary
dust at a wide range of orbital radii around the exoplanet 12
Pictoris b.

Author(s): Paul Kalas, Lyu Abe, Jason Jinfei Wang, Remko
Stuik, Anne-Marie Lagrange, Rudi Kuhno, FranA§ois-Xavier
Schmider, John Bailey, Samuel N Mellon, Geert Jan Talens,
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140.23 - AutoRegressive Planet Search for Ground-
Based Transit Surveys(Andrew Stuhr)

Sensitive methods of signal processing are needed to
discriminate faint periodic transiting planet signals from often-
dominant aperiodic trends in observational conditions in
ground-based photometric surveys. Caceres et al. (2018) show
that the AutoRegressive Planet Search (ARPS) method -- a
combination of autoregressive integrated moving average
(ARIMA) parametric modeling, a new Transit Comb Filter
(TCF) periodogram, and machine learning classification -- is
effective when applied to evenly spaced light curves from space-
based missions. We investigate here whether ARIMA will be
effective at trend removal from ground-based survey light
curves that are often sparsely sampled with high noise levels
from atmospheric and instrumental conditions. The ARPS
process is applied to selected light curves with strong planetary
signals from the Kepler mission that have been altered to
simulate the cadences and conditions of ground-based
exoplanet surveys. We find that the ARPS methodology
recovers planetary signals from brighter stars observed with
denser cadences and/or longer survey durations. Detection
rates improve for shorter periods, deeper transits and more
regular cadences. We report preliminary results from
application of ARPS methodology to the HAT-South survey
dataset in order to confirm known, and potentially discover
new, candidate planets.

Author(s): Joel Hartman, Eric Feigelson, Gabriel Caceres,
Andrew Stuhr

Institution(s): Pennsylvania State University, Princeton
University

140.24 - Project PANOPTES: Transiting Exoplanet
Detection using Low-Cost Robotic Telescopes(Aru
Mukherjea)

There are multiple methods of detecting planets beyond the
solar system, and one of the most prolific in detection yield is
the transit method, which uses photometry to identify stars
around which there exist exoplanets. For the transit method to
work the planet/star plane must be aligned with the direction of
the Earth, reducing the probability of capturing such a system.
In order to maximize planetary detection rates using this
method, many stars should be monitored simultaneously for as
continuous a duration as possible. Project PANOPTES aims to
survey a large fraction of the sky using a large number of
continuously observing low-cost PANOPTES units, consisting
of wide-field cameras that monitor tens of thousands of stars at
once. Costs are kept down by using off-the-shelf DSLR cameras
and telescope mounts, and weatherproofing the unit, thus



eliminating the need for a dome.A PANOPTES unit was
constructed at Caltech for the dual purpose of gathering data on
campus and boosting the collecting capabilities of the
PANOPTES network, as well as to refine and test the build
instructions for the baseline units. These instructions were
followed to construct the hardware in the unit. The PANOPTES
control software was installed to run the unit, modified as
needed, and tested alongside assembled hardware and
electronics. Once polar aligned, the unit was able to track and
image target stars, and detected the planet HD189733b in a
single transit light curve, despite light pollution from LA.Future
plans for the unit include refinement of the data reduction
pipeline, and deployment at a remote site to avoid light
pollution. Once this is done, the unit, along with the other units
in the PANOPTES network, can play a critical role in TESS
followup studies, as well as potentially detecting other transient
phenomena such as variable stars and supernovae.

Author(s): Montu Ganesh, Nemanja Jovanovic, Aru
Mukherjea, Wilfred Gee, James Synge, Kathy Guyon, Dimitri
Mawet, Garreth Ruane, Luc Boucher, Olivier Guyon
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140.25 - Preliminary Results from a Young Exoplanet
RV Survey(Larissa Nofi)

Observing and characterizing newly-formed planets around
young stars is important for developing planet formation and
evolution theory. However, given challenges in detecting young
planetary systems, current models are primarily based on
systems that are billions of years old. It is therefore unclear
which exoplanetary properties are indicators of formation
conditions, or of later evolution. We are conducting an infrared
radial velocity survey to detect and confirm young exoplanets
around T Tauri stars using the Immersion Grating Infrared
Spectrograph (IGRINS) on the 4.3-m Lowell Observatory
Discovery Channel Telescope (DCT). IGRINS simultaneously
observes H- and K-bands at a resolution of ~45,000. Infrared
spectroscopy is less susceptible to apparent RV variability
caused by starspots on active young stars than optical
observations. Our sample consists of ~100 T Tauri stars of age 1
to a few Myr in the relatively nearby Taurus star forming
region. We present early results on our search for RV variability
of T Tauri stars, indicative of the presence of hot Jupiters with
the IGRINS + DCT system.

Author(s): Brian Skiff, Kendall Sullivan, Joe Llama, Lisa
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140.26 - Mitigating Stellar Noise Using High Cadence
Radial Velocity Observations(Stephanie Striegel)

The search for an Earth analog within the habitable zone of a
Sun-like star requires a radial velocity (RV) precision of ~10 cm
s”™-1. Previous generation instrumentation and data analysis
techniques paved the way for precision RV measurements,
allowing for detections on the order of 1 m s”-1. While the
community is working to break the 1 m s”-1 barrier with further
advancement in instrumentation and analysis, we also remain
limited in our small planet detection capabilities by the
presence of stellar noise, produced by oscillations, granulation
and magnetic activity. These phenomena cause signatures in
RV measurements that can effectively obscure the detection of
small-mass exoplanets. Therefore, we must also address the 1 m
s”™-1 barrier by better understanding how to mitigate stellar
noise. In this work, we focus on how RV observing strategy can
be used to mitigate the effects of stellar noise, by quantitatively
determining the strategy that yields the best RV precision
(lowest RMS). This work builds on that of Dumusque et al.
(2011), but uses "traditional” (planet-finding) RV observations,
instead of those obtained for asteroseismology, and also covers
a longer observing period. Our data consist of high cadence RV
measurements of three stars with spectral types F and G, taken
between March 2017 and May 2018 with the Planet Finder
Spectrograph (PFS) installed on the 6.5 m Magellan II telescope
at Las Campanas Observatory in Chile. We apply various
binning schemes to these data and calculate the resulting RMS
from each binning scheme. We find that not only do stars of
different spectral types have different optimal observing
strategies, but such is the case for even stars of the same
spectral type, suggesting that granulation size and decay time
may depend on more than effective temperature.

Author(s): Stephanie Striegel, Johanna Teske
Institution(s): San Jose State University , Carnegie
Observatories

140.27 - The NEID Precision Radial Velocity
Spectrometer: Characterization and Operation of the
NEID CCD Detectors(Mark Giovinazzi)

NEID is a 380-930 nm precision Doppler spectrometer in
development for the WIYN 3.5-m telescope at Kitt Peak
National Observatory as part of the NN-Explore Partnership.
The wide spectral grasp of NEID requires a monolithic CCD
detector with a large area, small pixels, and excellent quantum
efficiency across the NEID bandpass. NEID employs a single,
deep depletion CCD290-99 device from e2v having gKxgK
pixels with 10 micron pitch and Astro Multi-2 AR coating. We
describe the operation of the CCD290-99 device as well as the
results of the CCD testing and characterization efforts
performed at the University of Pennsylvania.

Author(s): Frederick Hearty, Sam Halverson, Mark
Giovinazzi, Gudmundur Kari Stefansson, Christian Schwab, Joe
Philip Ninan, Arpita Roy, Zichen Tang, Joseph Tuftso, Suvrath
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University of Pennsylvania, Pennsylvania State University,
National Optical Astronomy Observatory, Massachusetts
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140.28 - Science with NEID Guaranteed Time
Observations(Jason T Wright)

The NEID spectrograph at the WIYN 3.5m telescope at Kitt
Peak will be a facility instrument available to the precise radial
velocity community via the NN-EXPLORE partnership between
NASA and NOAO. The NEID instrument team will have 2770 on-
sky hours per year for 5 years of guaranteed time to conduct
some of the novel science enabled by this instrument.In this
poster, I describe the design and goals of the NEID team's
science program with its Guaranteed Time Observations.
Author(s): Frederick Hearty, Lawrence Ramsey, Sam
Halverson, Michael McElwain, Jason T Wright, Christian
Schwab, Arpita Roy, Suvrath Mahadevan, Chad Bender, Cullen
Blake

Institution(s): Penn State University, University of
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Macquarie University Contributing Team(s): The NEID Team

140.29 - Getting to Know Your Star: A comparison of
analytic techniques for deriving stellar parameters
and abundances(Erin Elise Flowers)

The detection and characterization of exoplanets - accurate
measurements of their radii, masses, and insolation fluxes -
depend on accurate measurements of stellar radii, masses, and
temperatures. This reliance on understanding the host star - its
fundamental parameters, its multiplicity, its composition, its
activity - to understand the presence and/or properties of
exoplanets has increased interest in the exoplanet community
for reliable, fast methods of stellar characterization. In this
study, we present the derived stellar parameters (effective
temperature, log(g), and [Fe/H]) for over 500 stars observed
with the Carnegie Planet Finder Spectrograph (PFS) on the
Magellan II Telescope as part of a long-term RV survey to
detect and characterize Earth-like planets. As part of our
analysis, we compare the performance of spectral synthesis
(Empirical Specmatch and ZASPE) and equivalent width
(iSpec) analysis techniques to derive stellar parameters and
chemical abundances. From our results, we then determine
which stars are optimal candidates for continued spectroscopy
observations, as most of the stars in our sample do not
currently have detected exoplanets. We also provide
recommendations as to which computational tools to use for
analyzing spectroscopic follow-up observations, especially for
large surveys.

Author(s): Johanna Teske, Erin Elise Flowers
Institution(s): Princeton University, Observatories of the

Carnegie Institute for Science

140.30 - ROME/REA Survey: Improved
characterization of microlensing events by
understanding the source stars(Rachel Street)

The microlensing technique allows us to extend the search for
planets to orbital radii where other methods are less sensitive,
and to regions of the galaxy where the star formation history is
different from that of the solar neighborhood. However, it
shares with all other planet search techniques a requirement to
properly characterize the source star in order to fully
understand the lensing systems. As the source stars are
typically fainter (I~16-22 mag) than those targeted by radial
velocity and transit surveys, spectroscopy is challenging, so
microlensing has historically relied on timeseries photometry in
two bandpasses (V,I) to determine the spectral type of the
source star. This single-color measurement has limitations
when applied to often late-type source stars in highly crowded
fields that suffer from strong extinction. Unfortunately,
practical constraints on observing resources previously limited
the rate at which color measurements could be obtained.The
goal of the ROME/REA Survey is to obtain high cadence
timeseries photometry in SDSS-g,r,i filters to provide better
constraints on the spectral types of microlensing host stars, and
by extention, the planetary and stellar binaries discovered. The
resulting dataset comprises timeseries multi-band photometry
of millions of stars in the Galactic Bulge, which will serve a
wealth of other galactic science, and which will be made public
at the end of the current 3-yr survey. Here we present results
from the 2017 and 2018 observing seasons.

Author(s): Etienne Bachelet, Markus Hundertmark, Yiannis
Tsapras, Rachel Street
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140.31 - Photometric variability of Earth, as an
Exoplanet Proxy: Insights from DSCOVR and TSS
Simulations

(Aronne Merrelli)

The spectral reflectance of a Terrestrial exoplanet will vary
through its orbit, due to the changing planetary phase angle and
the location of the illuminated portion of the planet’s surface.
These variations can be used to characterize exoplanets, but
separating the different effects may prove to be a challenging
task. We investigate these variations in Earth’s reflectance
colors by using observations and simulated data as a proxy for
possible future terrestrial exoplanet direct imaging
observations. First, we analyze data from the Earth
Polychromatic Imaging Camera (EPIC) aboard the Deep Space
Climate Observatory (DSCOVR). The EPIC instrument collects
full-disk imagery of Earth’s sunlight side in 10 narrow spectral
band passes (1-3 nm width) from the near UV to near IR. As a
proxy for exoplanet observations, the EPIC dataset is unique



among Earth observing data because of the relatively distant
vantage point (1.5M km from the Lagrange-1 point) and its
multi-year data record (September 2015 to present). The long
duration data record includes both seasonal and interannual
variations. Second, we use the Terran Spectral Simulator (TSS)
framework to generate synthetic observations matching the
EPIC observation geometry. The simulated observations
contain full spectral coverage from 0.35 to 2.7 ¥am
wavelength, allowing direct comparison to the EPIC
observations and investigations into reflectance variability at
other spectral bandpasses not directly observed by EPIC.
Author(s): Aronne Merrelli, Margaret Turnbull, Tristan
L'Ecuyer
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140.32 - Searching for Trends in Atmospheric
Compositions of Extrasolar Planets(Kassandra Weber)

Since the first exoplanet was discovered decades ago, there has
been a rapid evolution of the study of planets found beyond our
solar system. A considerable amount of data has been collected
on the nearly 3,779 confirmed exoplanets found to date. Recent
findings regarding transmission spectroscopy, a method
measuring a planet’s upper atmosphere to determine its
composition, have been published on a limited number of
exoplanets. The aim of our work is to gather existing data on
atmospheric planetary composition and search for potential
trends in relation to the exoplanets’ orbital and planetary
properties. Due to their short periods and thicker atmospheres,
hot-Jupiter type planets have been our first target population.
Out of 78 cases with periods shorter than 3 Earth days and
radius larger than 1 RJ, we found previously-published data on
the atmospheres of 15 hot-Jupiters. Only 8 cases had an
overlapping wavelength range that allowed comparisons: 480 -
900 nm. We will report our findings on this set, which will be
publicly available on the Habitable Zone Gallery.This statistical
comparative work will be of particular importance in the era of
Transiting Exoplanet Survey Satellite (TESS) and James Webb
Space Telescope (JWST), whose synergy will result in a large
inventory of atmospheric abundances.
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140.33 - Prospects for Astrometric Detection of Giant
Exoplanets in Hot Binary Systems(Tyler Gardner)

Current exoplanet detection methods struggle to probe the
planet occurrence rate around intermediate mass (>1.5 Msun)
main-sequence stars. Of the nearly 3000 planets discovered via
the transit method, less than 10 have been found transiting A-
type stars. Weak and broad spectral lines make the radial

velocity detection method difficult for these hot stars. Long-
baseline interferometry provides a feasible method for
discovering giant planets in this regime given that the star is
part of a binary system. One star can be used as an
interferometric reference, making it possible to achieve micro-
arcsecond precision on relative position. This precision makes it
possible to detect the “wobble” imparted on a star by an
orbiting giant exoplanet. We present an analysis of pilot binary
systems from data taken with the MIRC instrument at the
CHARA array. For individual measurements of A-type binary
del Del taken over a span of 2 years, we achieve <10 micro-
arcsecond precision on differential position with 10-minute
observations. We find with this precision we can detect most
exoplanets >2 MJup on orbits >0.7 AU around individual
components of hot binary stars via differential astrometry. We
recently began a survey with MIRC at the CHARA array
monitoring sub-arcsecond hot binary stars in order to detect
the "wobbles" from substellar companions orbiting individual
stars to these systems. We outline our target sample, first
results from our survey, and the limits we expect to place on
giant planet formation occurrence rate between 0.5-2 AU for
intermediate mass stars and binary systems.

Author(s): Tyler Gardner
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140.34 - Baade’s Window: An astrometric calibration
field for high-contrast imaging of exoplanets(Meiji

Nguyen)

Improving the quality of calibration fields available to high-
contrast imagers translates to higher precision astrometry, a
key component of understanding the orbits and interactions of
directly imaged extrasolar planets. Baade's Window is a
relatively dust free field of view with a high density of visible
stars, making it a prime target when doing astrometric
calibration for instruments observing at high angular resolution
in the infrared wavelength regime. Using data taken from
Gemini South/GPI and Keck/NIRC2, we characterized the
astrometry of eight background stars in the 2.7" x 2.7" field of
view around HD 165054, a star in Baade's Window.
Milliarcsecond astrometry of these stars allows for accurate
prediction of their future positions so that current and future
high-contrast imagers (e.g. VLT/SPHERE, Gemini South/GP]I,
Subaru/CHARIS) can accurately and quickly use Baade's
Window as a way to calibrate their instruments and test for
systematics such as position angle offsets or platescale errors.
We used the GPI data reduction pipeline and advanced image
processing techniques to reduce the data, a Bayesian framework
with forward modeling to measure the relative positions of the
stars, and MCMC computational model fitting to constrain their
proper motions and parallaxes. Characterization of the
astrometry of Baade's Window will provide the direct imaging
community with a useful source for high precision astrometric
calibration.

Author(s): Robert De Rosa, Jason Jinfei Wang, James
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Imager Exoplanet Survey (GPIES)

140.36 - The CHARIS Integral Field Spectrograph with
SCExAO(Jeffrey Chilcote)

The Coronagraphic High Angular Resolution Imaging
Spectrograph (CHARIS) is an integral field spectrograph (IFS)
mounted behind the Subaru Coronagraphic Extreme Adaptive
Optics (SCExAO) and AO188 adaptive optics systems, located
on the Subaru telescope. CHARIS is designed to detect objects
six orders of magnitude dimmer than their parent star in the
near-IR. Similar to other direct imaging IFSs, CHARIS is a
lenslet-based IFS and has two fundamental operating modes.
CHARIS has a “high-resolution’ prism providing an as-built
average spectral resolution of R~75, R~65, and R~77in J, H,
and K bands respectively. Unique to CHARIS is a second mode
designed for discovery, with a “low-resolution’ prism providing
an as-built spectral resolution of R~18.4 that spans the full
J+H+K spectrum in a single image. By enabling spectral
differential imaging over a wide bandpass, the low-res mode
helps CHARIS achieve extremely deep contrast at small angular
separations. CHARIS was completed at Princeton University
and shipped to the Subaru observatory in 2016 and has been
available for open use proposals since 2017. We present the
current instrument operational performance, improvements,
data reduction tools, and an overview of ongoing science being
preformed with CHARIS.
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140.37 - A New Assessment of the Candidate
Protoplanets Orbiting LkCa 15 Using SCExAO/CHARIS
High-Contrast Direct Spectroscopy(John Wisniewski)

LkCa 15 hosts three candidate protoplanets (LkCa 15 bed)
identified from sparse aperture masking and H-alpha
differential imaging. However, LkCa 15’s circumstellar
environment is extremely complex, including a bright crescent-
shaped outer disk wall and inner disk detected via polarimetry.
Direct imaging and spectroscopy at high Strehl ratios could
more decisively determine the nature of these candidates.
Using SCExAO/CHARIS, we present the first bona fide extreme
AO observations of LkCa 15, covering wavelengths where both
these candidates and the disk have been identified. We use
radiative transfer modeling for the inner disk and forward-
modeling to understand how planets and disk signals propagate

through our data. Based on these results, we reassess the
planet inventory and inner disk morphology of LkCa 15.
Author(s): John Wisniewski, Kellen Lawson, Timothy Brandt,
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140.38 - Speckle evolution and post-processing
contrast improvements with short exposure imaging
on the Gemini Planet Imager(Wyatt Ian Mullen)

The direct imaging of young exoplanets requires detection of
faint signals located near the signal to noise (SNR) limit. Any
improvements in our understanding of the behavior of the
dominant scattered light noise (referred to as “speckles” due to
their characteristic interference patterns) increase the
likelihood of detecting planets. Using the Gemini Planet Imager
(GPI) on the Gemini South Telescope and high-cadence
detector readout strategies, we imaged bright stars in the
southern sky including Sirius and Lambda Geminorum. In
particular, the 1.5-second individual exposures of Sirius, an
order of magnitude shorter than the standard 60 second
integration timeframe, provide the deepest, highest contrast
observations made to date with GPI. Although this exposure
time is longer than the expected lifetime of speckles purely due
to atmospheric turbulence, it allows us to study the evolution of
instrumental quasi-static speckles. Shorter integration periods
give us a finer sampling of the time-evolution of dynamic
speckles over the image plane, information that is generally lost
during longer exposures, and allow us to place new estimates on
the average lifetime or stability of this noise. These finer
sampled speckles may allow us to obtain improved contrast
ratios between the speckle intensity and the flux of the star after
point spread function subtraction with the Karhunen-Loéve
image processing (KLIP) algorithm. Better understanding the
ideal exposure time for the GPI program will help the proposed
redesign of GPI (GPI 2.0) as we consider upgrading and
relocating from Gemini South to Gemini North to image
northern sky targets.
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140.39 - Using Principle Component Analysis to Search
For Planets in Archival Data(Elisabeth Frischknecht)

Herbig Ae/Be (HAeBe) stars are classified as 2-10 solar mass
pre-main sequence stars with circumstellar disks. As a result,
they are excellent candidates for observing exoplanets in the
formative stages of their evolution. Principle component
analysis is a data reduction technique that allows us to
minimize the noise from the Point Spread Function (PSF) of



coronagraphic images. By constructing and then subtracting a
model PSF from object frames, we are able to obtain an image
of the circumstellar disk and any planets that are located within
it. Using this technique, we are searching through the archival
HST images of object HD100546, which is known to host at
least one planet that has been detected at near-infrared
wavelengths by other telescopes. Using a few different
processing algorithms we are looking to see if this planet is
detectable in HST images taken more than ten years ago.
Author(s): Loic Beus, Denise Stephens, Elisabeth
Frischknecht, Emily Safsten
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140.40 - Blind Search Single-Visit Exoplanet Direct
Imaging Yield for Space Based Telescopes(Dean
Keithly)

We compare exoplanet direct imaging capabilities of WFIRST
and mission concepts on the scale of those considered in the
Astrophysics Decadal Survey by running full mission
simulations using the EXOSIMS survey simulator. We execute
blind-search surveys of our universe supplanted with randomly
generated planets based off the SAG13 planet population model.
Mission schedules of each telescope are optimized with a
Sequential Least Squared Quadratic Programming (SLSQP)
scheduling algorithm to optimize single-visit completeness of
fixed duration missions. We directly compare unique detection
histograms, theoretical maximum completeness with no time
constraints, and sum completeness over all targets of an
optimized mission schedule of each telescope.
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140.41 - Simulating the earth-like exoplanet yield of
the NASA LUVOIR 'A' architecture direct-imaging
mission(Dominic Oddo)

Direct imaging of exoplanets will increasingly become a more
popular method of exoplanet detection and characterization as
larger space telescopes equipped with better technology and
more ambitious scientific objectives are launched. Among other
scientific objectives, NASA’s Large
UltraViolet/Optical/InfraRed Surveyor (LUVOIR) aims to
detect and characterize exoplanets within 50 parsecs of the Sun,
making the goal of direct exoplanet detection a reality. This
paper describes simulations that predict that LUVOIR will
detect 54 earth-like exoplanets within two years of a dedicated
campaign. The simulation’s detection criteria require that the
exoplanet be visible within the working angle of the focal plane,
be within the habitable zone, produce a signal-to-noise ratio
greater than seven and a contrast ratio greater than 104’10
with respect to the parent star. We find that although it is

possible to detect exoplanets around M dwarfs, they are not
ideal targets due to their low brightness and luminosity.
Although it could be included in future work, we have not
produced a specific list of stars that LUVOIR could observe. Our
approach determines the characteristics of stars that produce
the highest completeness, which could lead to such a list in the
future.

Author(s): Dominic Oddo, Donald Figer

Institution(s): Case Western Reserve University, Rochester
Institute of Technology

140.42 - Maximum Angular Separation Epochs for
Exoplanet Imaging Observations(Stephen Kane)

Direct imaging of exoplanets presents both significant
challenges and significant gains. The advantages primarily lie in
receiving emitted and, with future instruments, reflected
photons at phase angles not accessible by other techniques,
enabling the potential for atmospheric studies and the detection
of rotation and surface features. The challenges are numerous,
and include coronagraph development and achieving the
necessary contrast ratio. Here, we address the specific challenge
of determining epochs of maximum angular separation for the
star and planet. We compute orbital ephemerides for known
transiting and radial velocity planets, taking Keplerian orbital
elements into account. We provide analytical expressions for
angular star--planet separation as a function of the true
anomaly, including the locations of minimum and maximum.
These expressions are used to calculate uncertainties for
maximum angular separation as a function of time for the
known exoplanets and we provide strategies for improving
ephemerides with application to proposed and planned imaging
missions.

Author(s): Margaret Turnbull, Stephen Kane, Tiffany
Meshkat

Institution(s): University of California, Riverside, SETI
Institute, IPAC, Caltech

140.43 - Analysis of Exoplanetary Systems as WFIRST
Targets(Zhexing Li)

As part of the WFIRST Coronagraph Science Investigation
Team (WFIRST-C SIT) to study exoplanets around nearby
stars, we aim to characterize nearby exoplanetary systems and
provide a list of stars that would be suitable targets for WFIRST
to carry out exoplanet direct imaging mission. To achieve that,
we will be addressing two primary issues: characterization of
stellar and orbital properties of nearby exoplanets. Having a
better understanding of host star characteristics and the
Keplerian orbit properties of the known nearby exoplanets are
crucial in determining exoplanet targets for WFIRST direct
imaging. These two aspects give us important insights such as
the presence of stellar and substellar companion in the system,
planet-star separation, reflected light from planets, background
star fields etc. We use ExoCat as well as other online sources



such as Simbad, Vizier, and Gaia DR2 to provide the best
possible stellar parameters for nearby exoplanet host stars. We
provide a strategy to conduct precursor radial velocity
observations to refine orbital ephemeris of nearby potential
WFIRST exoplanet targets by the use of major telescopes such
as the Automated Planet Finder. The combined effort will allow
us to progress towards the completion of target selection for
WFIRST exoplanet observing program.

Author(s): Margaret Turnbull, Stephen Kane, Zhexing Li
Institution(s): University of California, Riverside, SETI
Institute

140.44 - The WFIRST Coronograph Exoplanet Data
Challenge(Avi M Mandell)

We present the status and future plans for the WFIRST
Coronagraph Exoplanet Data Challenge (EDC). The goals of the
Coronagraph Exoplanet Data Challenge are to provide
quantitative feedback to the specifications and requirements of
the WFIRST Coronagraph Instrument (CGI) and to leverage
and develop expertise in the broader community. The EDC
team produces and publicly releases simulated data, with the
goal of improving our understanding of the efficacy of pipeline
and instrument design by coordinating a comparison between
blind spectral retrieval studies conducted by team members as
well as the broader exoplanet analysis community. Each team
member contributes to different areas of the EDC: the
atmospheric modeling, WFIRST CGI instrumental properties,
the simulated data and the retrieval of planetary atmospheres.
The first cycle of the CGI EDC, called Data Challenge #1,
focused on improving atmospheric modeling tools for direct
imaging observations at WFIRST wavelengths, with the goal of
informing the choice of IFS resolution and bandpass. The
upcoming Data Challenge #2 will focus on extracting planets
from simulated WFIRST images, in order to test planet
discrimination from the image background using photometry
and proper motion, and test how well we can determine orbits
and test enhanced detection/orbit determination capability
with late-mission starshade images. We are currently in the
process on recruiting participants for this challenge, and
encourage community members to join. The numerous
participants in the Coronagraph Exoplanet Data Challenge are
from institutions in Asia, Europe and the US, and several teams
from outside the existing WFIRST community are already
engaged in the process. This presentation will focus on what has
been accomplished in Data Challenge #1, what we hope to
accomplish in future Data Challenges, and how the broader
exoplanet community can get involved.

Author(s): Maxime Rizzo, Aronne Merrelli, Margaret
Turnbull, Avi M Mandell, Sergi Hildebrandt, Aki Roberge, Neil
T. Zimmerman

Institution(s): NASA GSFC, JPL, SETI Institute, Space
Science and Engineering Center

140.45 - The WFIRST Coronagraph Instrument: a
major stepping stone in the preparation of future
exoplanet direct imaging missions(Bertrand
Mennesson)

We detail here how the WFIRST Coronagraph Instrument
(CGI) will benefit potential future flagship direct imaging
missions aimed at the spectroscopic characterization of
exoplanets, including small rocky planets in the habitable zone.
CGI will demonstrate for the first time in spacemany of the key
technologies required: pointing stabilization at the milli-
arcsecond level, autonomous sub-nanometer wavefront sensing
and control, broad-band coronagraphic imaging and
spectroscopy, point source detection using ultra-low noise
photon counting CCDs, and accurate speckles subtraction. All of
these technologies will be validated in a yet unexplored high
contrast / low source flux regime, at levels commensurate with
the needs of future flagship direct imaging missions aimed at
the characterization of exoplanetary systems, including imaging
of exozodiacal dust and spectroscopy of exoplanets in the
habitable zone.

Author(s): Jeremy Kasdin, Leonidas Moustakas, Jason
Rhodes, John Terry Trauger, Tiffany Meshkat, Margaret
Turnbull, Bruce Macintosh, Vanessa Bailey, Bertrand
Mennesson

Institution(s): Jet Propulsion Laboratory, Stanford
University, Princeton University, Caltech IPAC, SETI Institute
Contributing Team(s): and the WFIRST Coronagraph
Instrument and Science Investigation Teams

140.46 - WFIRST CGI Coronagraph Design: Improving
Performance and Robustness(A J Eldorado Riggs)

The goal of the proposed Wide-Field Infrared Survey Telescope
(WFIRST) Coronagraph Instrument (CGI) is to demonstrate the
technologies necessary for a future exo-earth characterizing
mission. After descopes, the new baseline design includes three
observing modes: two for imaging and one for spectroscopy.
Ongoing coronagraph design work is focused on increasing
throughput and reducing aberration sensitivities. We are using
our open-source software package, the Fast Linearized
Coronagraph Optimizer (FALCO), to perform hybrid Lyot
coronagraph design surveys. We present our design
methodology and survey results.

Author(s): Carl Coker, A J Eldorado Riggs, Erkin Sidick,
Dwight Moody, Brian Kern, Garreth Ruane

Institution(s): Jet Propulsion Laboratory

140.47 - Expected Performance and Data Products of
the WFIRST CGI Integral Field Spectrograph(Tyler
Groff)

The WFIRST coronagraphic instrument (CGI) will demonstrate
exoplanet spectroscopy using an integral field spectrograph
(IFS). The CGI IFS, being designed and built and Goddard
Space Flight Center, has a spectral resolution of R50 and is



designed to accommodate a 20% bandpass spanning 600-
g97onm. The IFS is principally targeting the abundance of
Methane features, with the primary coronagraph band being
centered around 77onm. Key to the performance estimates are
the achievable signal-to-noise (SNR) ratios and the stability of
the microspectra over the course of tens and hundreds of hours.
As a technology demonstration for CGI, the ability to close a
wavefront control loop around the IFS, maintain a stable dark
hole, and provide time resolved data that simultaneously spans
spatial and spectral dimensions are crucial demonstrations for
future observatories. We highlight the IFS requirements and
how the on-orbit calibration is handled. We also provide further
detail on the optomechanical design, its stability based on
thermal and structural predictions, anticipated performance,
and operations concept of the CGI IFS. The impact of these
performance metrics are projected into simulated data
products, demonstrating cube extraction of noisy images and
the subsequent planet spectrum that can be extracted from
them.

Author(s): Samuel Gaylin, Nicholas Nicolaeff, Maxime Rizzo,
Michael McElwain, Vanessa Bailey, Rose Mountcastle, Hong
Tang, Qian Gong, Neil T. Zimmerman, Eric Cady, Tyler Groff,
Avi M Mandell

Institution(s): Goddard Space Flight Center, ATA, Genesis
Engineering, Jet Propulsion Laboratory, Lentech Inc

140.48 - The WFIRST Starshade: Simulated Images of
Exoplanetary Systems(Margaret Turnbull)

We have developed a suite of software forming an end-to-end
starshade imaging tool that produces images of an arbitrary
user-defined exoplanetary system and background as observed
by a starshade and a telescope. The starshade imaging
characteristics include both the diffraction from an ideal or
perturbed starshade as well as solar glint from the starshade
edges, the largest source of local instrument scatter. The
telescope model assumes an ideal telescope with a user-defined
obscured pupil (e.g. secondary obstruction and struts). It
incorporates a vanilla detector model with read noise and dark
current. Finally, the astrophysics scenario incorporates
Keplerian orbits, phase angles, geometric albedo, different
atmospheric scattering/absorption laws, any kind of host star
(by default the user can choose among any of the +10,000 stars
from ExoCat) and a large variety of extragalactic background
fields (galaxies, Quasars). Exo-dust emission is accurate for a
solar system and flexible for an arbitrary elliptical user-defined
profile in the inner habitable zone. As a result, it can virtually
build a large variety of extra-solar systems with an arbitrary
number of exo-planets of multiple types and any host star,
adding an optional background field, to obtain a series of
images throughout the proposed mission. Proper motion and
parallax are also taken into account when background fields are
added to the simulated images. There are default systems, like
the Solar System at any distance from us. We have employed
the tool to support WFIRST-S mission probe studies. NOTE: A
subset of these images will be used for the WFIRST CGI
Exoplanet Data Challenge, for which our team is actively

seeking participants. Please contact the author at
turnbull.maggie@gmail.com, for details.

Author(s): Margaret Turnbull, Sergi Hildebrandt, Stuart
Shaklan

Institution(s): SETI Institute, Jet Propulsion Lab

140.49 - Recent Progress on Image Processing
Methods for Exoplanet Detection in Starshade
Observations(Mengya Hu)

Direct imaging of exoplanets is extremely difficult as the star is
about 10-10 times brighter than the planets tens of
milliarcseconds away. Using a starshade to suppress the
starlight is a promising solution. However, various factors will
make the exoplanets hard to detect. For example, bright spots
caused by light diffracted from starshade defects are
indistinguishable from the real planets’ signal and when it
overlaps with the real signal, it dramatically degrades the
accuracy of the estimation of planet intensity. Image post-
processing can help eliminate those effects. In our previous
work, we applied the generalized likelihood ratio test (GLRT) as
a starshade image processing method. It decides if the
hypothesis that planets exist is more probable than not despite
not knowing the planets’ intensity or position. GLRT performed
well for planet detection, but needed improvement for the
estimation of position and intensity. In this work, we further
investigate factors that may influence the performance of
GLRT. For example, we demonstrate that using different
reference point spread function (PSF) at different position
improves estimation results, while observation methods and
integration time have no significant influence. Moreover, we
add exozodiacal dust to the image and discuss the effect dust
has on the GLRT result.

Author(s): N. Jeremy Kasdin, Mengya Hu, Anthony Harness
Institution(s): Princeton University

141 - Beyond Photons: Astronomy in the

Multi-messenger Era Posters

141.01 - Development of Multi-Band Astrophysics
Capabilities for LISA Data Challenges(Joey Shapiro
Key)

The Laser Interferometer Space Antenna (LISA) will detect low
frequency gravitational waves from space in the 2030s. Multi-
band gravitational wave astronomy will be enabled through the
development of data analysis strategies for joint detections with
LISA and ground-based observatories. The LISA Data
Challenges provide simulated LISA data to enable
investigations of multi-band astrophysics, including designs for
alerts for ground-based gravitational wave detectors and
electromagnetic follow-up of transient signals that will rely on
timely communication of source identification and
characterization.

Author(s): Joey Shapiro Key

Institution(s): University of Washington Bothell



Contributing Team(s): LISA Consortium

141.02 - Searching for wobbles in the FeKa line as an
EM counterpart to LISA detectable mergers(Barry
McKernan)

The broad FeKa line probes the geometry of gas in the
innermost accretion disk around supermassive black holes
(SMBH). The distribution of such gas is disturbed by the
presence of a secondary black hole, which could be intermediate
or stellar mass. The decay of a secondary's orbit will perturb the
gas disk in ways that can be tested with present and future X-
ray missions. Variability in the broad FeKa line offers the
possibility of detecting precursor EM signatures before LISA
detects SMBH-IMBH and EMRI mergers.

Author(s): Shane L. Larson, K.E. Saavik Ford, Barry
McKernan,

Institution(s): CUNY-BMCC, Northwestern, AMNH

141.03 - Why LISA should care about AGN driven
stellar mass black hole binary mergers(K.E. Saavik
Ford)

LISA will enable, for the first time, multiband gravitational
wave observations of stellar mass black hole binary sources.
Such sources, in isolation, will take O(10s) years to evolve from
the LISA to the LIGO band. However, in an AGN disk, the gas-
driven evolution will proceed much faster, and waveforms in
the LISA band will be substantially different from those in the
gas-free case. We show the evolutionary path for a gas-driven
merger and argue that sources may pass quite rapidly through
the relevant detection bands. Gas-driven mergers should
provide a unique signature in the LISA band waveform, which
must also be included in the global solution for LISA data.
Author(s): K.E. Saavik Ford, Barry McKernan,
Institution(s): CUNY Borough of Manhattan Community
College, American Museum of Natural History

141.04 - Gravitational Wave Survey of Galactic Ultra
Compact Binaries(Tyson Littenberg)

Ultra-compact binaries (UCBs) are systems containing compact
or degenerate stars with orbital periods less than one hour.
Tens of millions of UCBs are predicted to exist within the
Galaxy emitting gravitational waves (GWs) at mHz frequencies.
Combining GW searches with electromagnetic (EM) surveys
like Gaia and LSST will yield a comprehensive, multimessenger
catalog of UCBs in the galaxy. Joint EM and GW observations
enable measurements of masses, radii, and orbital dynamics far
beyond what can be achieved by independent EM or GW
studies. GW+EM surveys of UCBs in the galaxy will yield a
trove of unique insight into the nature of white dwarfs, the
formation of compact objects, dynamical interactions in
binaries, and energetic, accretion-driven phenomena like Type

Ia superonovae.
Author(s): Tyson Littenberg
Institution(s): NASA Marshall Space Flight Center

141.05 - Honing in on MBH binary mergers with
LISA(John Baker)

Multimessenger observing campaigns to study massive black
hole mergers will depend on localizing these systems through
gravitational-wave measurements. LISA will enable precise
measurement of binary merger properties, sometimes including
sky localization to within a few arcminutes. Unlike recent
ground-based gravitational-ave observations, however, LISA
may detect binaries as long as years before merger. The
information about the binary including its location will develop
over time. We apply Bayesian analysis methods to study the
how information about black hole merger systems develops
over the months to hours leading to merger.

Author(s): John Baker

Institution(s): NASA-GSFC

141.06 - Large-Scale Structure Measurements with
Gravitational Waves: How biased are LISA
sources?(Murti Nauth)

The Laser Interferometric Space Antenna (LISA) is a
gravitational wave mission expected to observe supermassive
black hole mergers from the present day to before reionization,
providing a set of standard 'sirens' with accurate distances that
span the universe and are unperturbed by dust. As such, LISA
observations hold great promise in constraining cosmology,
such as non-gaussianity from inflation and the existence of dark
radiation. Many of these constraints, however, rely on the
supposition that the supermassive black hole mergers
themselves are non-biased tracers of the matter distribution, as
are LISA observations of these mergers. We use large-volume
cosmological hydrodynamic simulations with supermassive
black hole physics to measure the clustering properties of
binary black hole mergers in the universe, and present
preliminary results on the potential for biased structure
measurements from the LISA data stream.

Author(s): Kelly Holley-Bockelmann, Murti Nauth,
Institution(s): Vanderbilt University, Fisk University

141.07 - Immediate EM Counterparts of Binary Black-
Hole Mergers in the LISA Regime(Bernard Kelly)

Massive binary black-hole (BBH) mergers provide a prime
source for LISA. These mergers will often take place in plasma-
rich environments, leading to the possibility of a concurrent EM
signal observable by traditional astronomical facilities.
However, many critical questions about the generation of such
counterparts remain unanswered. We explore mechanisms that
may drive EM counterparts, using ideal



magnetohydrodynamical simulations to treat a range of toy-
model scenarios involving equal-mass BBHs immersed in an
initially homogeneous fluid with uniform, orbitally aligned
magnetic fields. We find that the time-development of Poynting
luminosity, which may drive jet-like emissions, is remarkably
insensitive to aspects of the initial configuration. In particular,
over a significant range of initial values, the central magnetic
field strength is effectively regulated by the gas flow to yield a
Poynting luminosity of 10”45 4"’ 10746 I[0_{-13} M_8"2 erg
s”{4"’1}. We also calculate the direct plasma synchrotron
emissions processed through geodesic ray-tracing. Despite
lensing effects and dynamics, we find the observed synchrotron
flux varies little leading up to merger.

Author(s): Zachariah Etienne, Bruno Giacomazzo, Bernard
Kelly, Jeremy Schnittman, John Baker

Institution(s): University of Maryland Baltimore County,
West Virginia University, NASA Goddard Space Flight Center,
Universita di Trento

141.08 - Extracting gravitational-wave sources from
incomplete listening sessions with LISA(Quentin
Simon Baghi)

By listening to gravity in the low frequency band, between 0.1
<u>mHz</u> to 1 Hz, the future space-based gravitational-
wave observatory LISA will be able to detect tens of thousands
of astrophysical sources from cosmic dawn to the present. The
detection and characterization of all resolvable sources is a
challenge in itself, but we foresee that the LISA data analysis
will be further complicated by interruptions occurring in the
<u>interferometric</u> measurements. These interruptions
will be due to various causes occurring at various rates, such as
laser frequency switches, high-gain antenna re-pointing, orbit
corrections, or even unplanned random events. Extracting long-
lasting gravitational-wave signals from <u>gapped</u> data
raises problems such as noise leakage and increased
computational complexity. We address these issues by
developing a Bayesian method that reintroduces the missing
data as auxiliary variables in the sampling of the posterior
distribution of astrophysical parameters. This provides a
statistically consistent way to handle gaps while improving the
sampling efficiency and canceling leakage effects. We apply the
method to the estimation of galactic binaries parameters with
different gap patterns, and we compare the results to the case of
complete data.

Author(s): James Ira Thorpe, Nikos Karnesis, Natalia
Korsakova, Jacob Slutsky, Quentin Simon Baghi
Institution(s): NASA Goddard Space Flight Center,
Laboratoire Astroparticule et Cosmologie (APC), University of
Glasgow Contributing Team(s): Work Package 9 of the LISA
Consortium Simulation Working Group, NASA Goddard
Gravitational Astrophysics Group (663)

141.09 - Behind the Curtain: Revealing the effect of
sub-grid models on supermassive black hole merger
rates, for LISA(Olivia A Greene)

Predictions of supermassive black hole merger rates vary by
several orders of magnitude, based on simple models of the
accretion and dynamics involved. We aim to understand the
effect that more realistic sub-grid physical models have on
supermassive black hole merger rates. Using the Illustris TNG
simulation as a testbed, we add in more accurate dynamical
friction, 3-body scattering, and gravitational wave timescales to
correct the actual time of merger, and model the effect of
gravitational wave recoil as well. We also add an initial spin to
each black hole, and track the spin evolution and change in
accretion caused by considering spin. This suite of experiments
will allow us to dissect the importance of the hidden
assumptions in black hole evolution within current semi-
analytic models and cosmological simulations, and explore the
interplay between these sub-grid physical assumptions. We
present preliminary mass functions and event rates for LISA, a
gravitational wave observatory designed to detect supermassive
black hole mergers from the present day to redshifts above 20.
Author(s): Olivia A Greene, Kelly Holley-Bockelmann,
Institution(s): Vanderbilt University, Fisk University

141.10 - Dancing to ChaNGa: The Formation of Close
Pairs of Supermassive Black Holes in Cosmological
Simulations and Implications for LISA(Michael Josef
Tremmel)

I present a self-consistent prediction for close Supermassive
Black Hole (SMBH) pair formation timescales following galaxy
mergers. Using Romulus2s, the first large-scale cosmological
simulation to accurately track the orbital evolution of SMBHs
within their host galaxies down to sub-kpc scales (Tremmel+
2015, 2017, 2018), we predict that it is relatively rare for galaxy
mergers to result in the formation of close SMBH pairs with
sub-kpc separation and those that do form are often the result
of Gyrs of orbital evolution following the galaxy merger. The
likelihood and timescale to form a close SMBH pair depends on
the mass and morphology of the merging galaxies. When
galaxies are disrupted during a merger, their SMBHs are
deposited on long lived, kpc-scale orbits resulting in a
population of “wandering’ SMBHs. I discuss the implications of
these results for predictions of SMBH merger rates, which have
important consequences for the interpretation of future LISA
observations. Finally, I examine the population of “wandering”
SMBHs that we predict to exist in massive galaxies, like the
Milky Way.

Author(s): Marta Volonteri, Michael Josef Tremmel, Thomas
Quinn, Andrew Pontzen, Fabio Governato

Institution(s): Yale University, Institut d'Astrophysique de
Paris, University of Washington, University College London



141.11 - Multi-Messenger Science with Dual Radio AGN
and Pulsar Timing Arrays(Joseph Simon)

Pulsar timing arrays are galactic-scale nanohertz gravitational
wave observatories, whose primary source population are
supermassive black hole binaries. The most massive binary
systems (> 108 MaS™) will soon be detectable in pulsar timing
datasets from the North American Nanohertz Observatory for
Gravitational Waves (NANOGrav). Each binary inspiral creates
an extended interaction between the black holes and their host
galaxy throughout which there is potential for numerous
electromagnetic tracers to accompany the binary's evolution.
When illuminated as radio-emitting sources, binaries can be
detected and tracked by their dual radio-emitting cores, large-
scale jet structures, and periodic variability. Currently, the most
robust method of identifying these systems is direct imaging of
radio cores. We will report results from a simulation of the
supermassive black hole binary population in which we have
included a predictor for radio emission. We analyze the bulk
statistics and properties of sources that will potentially be
detectable by both NANOGrav and by future radio instruments,
like the ngVLA.

Author(s): Joseph Simon, Sarah Burke-Spolaor
Institution(s): Jet Propulsion Laboratory, California
Institute of Technology, West Virginia University

141.12 - LISA Design Sensitivities(Andrew Kaiser)

With the recent acceptance of LISA as the ESA L3 mission, and
the renewed investment from NASA, it is necessary to revisit
and update models for the scientific capabilities of LISA.
Because of the large number of parameters involved in
describing the astrophysical signal as well as the LISA
instrument, it is useful to study performance as a function of
multiple parameters and over the full range of relevant values
simultaneously. To that end, we examine LISA's scientific
capabilities using the L3 mission proposal as a base model to
probe the present variation in design sensitivities. We use the
phenomenological, non-precessing, unequal mass and generic
spin waveform model, IMRPhenomD, to produce the binary
black hole IMR signals expected to be in the milliHertz band.
Combining the variations in both source parameters and LISA
instrument parameters allows us to model the SNR and
produce Fisher matrices for any LISA-esque design and source.
Author(s): Andrew Kaiser, Sean McWilliams
Institution(s): West Virginia University

141.13 - A Sea of Black Hole Binaries: Characterizing
expected signature of stellar origin binaries in the
LISA band(Krystal Ruiz-Rocha)

LIGO's detection of binary black hole mergers revealed stellar
mass black holes that were much more massive than expected.
It immediately became clear that they would be detectable by
LISA in their earlier phase as an inspiraling binary system. We

expand on the work of (Mapelli et al. 2017), which combined
Tlustris, a cosmological nbody simulation, with a suite of stellar
population models to calculate the number of stellar origin
binary mergers in the LIGO band; by rewinding these mergers
in time, we predict the background of stellar origin binaries in
LISA. We also present the expected number of stellar origin
binaries that are resolvable by LISA; these will constrain
location and alert electromagnetic and ground-based
gravitational wave observers of an impending merger.
Author(s): Krystal Ruiz-Rocha, Kelly Holley-Bockelmann
Institution(s): Vanderbilt University, Fisk University

142 - Cosmology and Astrophysics with Next
Generation Cosmic Microwave Background

Experiments -- Posters
142.01 - How sound are (ultra-light axion)
approximations?(Jonathan Cookmeyer)

One promising dark matter candidate is the ultra-light axion
(ULA), a generic prediction of string theory. The ULA field
oscillates with a frequency on time scales much shorter than the
age of the universe, and they suppress structure on scales
smaller than the ULA Jeans length. The latter leads to an effect
on the cosmic microwave background (CMB) that can be used
to constrain the ULA abundance, but the former renders exact
calculations difficult due to the many oscillations that need to
be resolved. A standard technique in the literature is to evolve
the ULA field with an effective fluid description instead. Using a
Boltzmann code that uses an exact treatment for much longer,
the error of this approximation is systematically studied by
computing the bias on cosmological ULA parameters from past
and future experiments.

Author(s): Daniel Grin, Tristan Smith, Jonathan Cookmeyer,
Institution(s): University of California, Swarthmore College,
Haverford College

142.02 - The Simons Observatory: Project overview
and status(Nicholas Galitzki)

The Simons Observatory (SO) will make precise temperature
and polarization measurements of the cosmic microwave
background (CMB) using a set of telescopes which will cover
angular scales between 1 arcminute and tens of degrees, contain
over 60,000 detectors, and observe at frequencies between 27
and 270 GHz. SO will consist of a 6 m aperture telescope
coupled to over 30,000 transition-edge sensor bolometers
along with three 42 cm aperture refractive telescopes, coupled
to an additional 30,000+ detectors, all of which will be located
in the Atacama Desert at an altitude of 5190 m. SO will measure
fundamental cosmological parameters of our universe,
constrain primordial fluctuations, find high redshift clusters via
the Sunyaev-Zel’dovich effect, constrain properties of neutrinos,
and trace the density and velocity of the matter in the universe
over cosmic time. The complex set of technical and science
requirements for this experiment has led to innovative
instrumentation solutions. We will present the designs of the



SO telescopes and receivers, including the cold optical
components and detector arrays and the current production
status of the observatory components.

Author(s): Nicholas Galitzki

Institution(s): University of California San Diego
Contributing Team(s): The Simons Observatory Collaboration

142.03 - Weak gravitational lensing & CMB probes of
spatially varying fine-structure constant and
baryon/dark-matter relative abundances.(Daniel Grin)

Cosmic microwave background (CMB) anisotropies are
Gaussian and isotropic at linear order. The presence of long
wavelength modulating fields, however, can introduce non-
Gaussianity and statistical anisotropy in the CMB. For example,
the dark matter present along the line of sight between
observers and the last-scattering surface gravitationally lenses
the background CMB. Weak gravitational lensing of the CMB
has already been detected at ~40 \sigma in Planck satellite
data! There are discrepancies between the observed CMB
lensing signal and expectations from $\Lambda$CDM theory,
offering the opportunity to explore the possibility of other long
wavelength modulating field, which might be able to relieve the
tension between the predicted and observed amplitude of CMB
weak lensing. A variety of particle-physics models for the origin
of the baryon asymmetry and density fluctuations in the
universe predict compensated isocurvature perturbations,
spatial fluctuations in the relative densities of baryons and cold
dark matter. It is also possible that the strength of the
electromagnetic interaction is set by a novel scalar field with
couplings to the standard model, sourcing spatial fluctuations
in the fine structure constant. Here, the observational
motivation for these models is reviewed and the imprint of both
these possibilities on CMB statistics (and weak lensing
observables in particular) is computed. Current data are used to
probe these models, forecasts are made for the sensitivity of
upcoming efforts like CMB Stage IV and the Simons Array, and
a variety of other theoretical considerations are explored.
Author(s): Tristan Smith, David Robinson, Davy Qi, Julian
Munoz, Daniel Grin, Ely Kovetz, Rhiannon Smith, Kyle Yee
Institution(s): Haverford College, Swarthmore College,
Harvard University, Johns Hopkins University

143 - Dust Posters
143.01 - Micrometeoroid Population Inference on LISA
Pathfinder Data(Sophie Hourihane)

The LISA Pathfinder (LPF) was a joint ESA / NASA technology
demonstration mission for the Laser Interferometer Space
Antenna (LISA) that operated from December 2015 through
July 2017. Designed to be the most sensitive accelerometer ever
flown, the LPF surpassed its mission goals and proved sensitive
enough for future gravitational wave detection with the LISA
constellation. An ancillary benefit of the LPF’s sensitivity was
its response to perturbations like those from micrometeoroids
impacts. Taking advantage of this, the LPF became the first in-

situ micrometeoroid detector in the first Earth-Sun Lagrange
point (L1). We use our catalog of 44 events to derive properties
of the micrometeoroid environment around L1, estimate impact
rates for future missions, and explain the process for similar
analyses in the future.

Author(s): James Ira Thorpe, John Baker, Tyson Littenberg,
Sophie Hourihane, Jacob Slutsky

Institution(s): University of Michigan, NASA/MSFC,
NASA/GSFC

143.02 - What and where is the dust surrounding Eta
Carinae?(Theodore Gull)

Eta Carinae, the brightest, massive binary in our Galaxy, ejected
prodigious amounts of material in two major eruptions in the
19th century. Highly polarized starlight scatters off of the 10”
x20” bipolar Homunculus. Extinction is very grey from the UV
to deep red, indicating dust in the form of large grains.
Composition of the dust is likely very different from interstellar
dust and dust formed in less massive stars. Carbon and oxygen
are greatly depleted relative to nitrogen, which is thought due to
the ejecting star having an initial mass exceeding 60 solar
masses. Spectral emissions and absorptions of strontium,
scandium, vanadium (never seen in the ISM) and many other
metals are seen in abundance with the ejecta. A census of
identified molecules is very different from that of stars rich in
carbon or oxygen. Since the 1940s, Eta Carinae has been
gradually brightening, but recent evidence suggests that the
visible brightness of the Homunculus is nearly constant.
Spectra of the scattered light show variations of Balmer alpha
relative to continuum across the nebula. Very bright emission
clumps (the Weigelt blobs) located within 0.1to 0.3” of Eta
Carinae have far less extinction, but are fading relative to the
star. An explanation is that the clumped gas and dust, located
close to the luminous binary, obscures starlight in many
directions, including our own, but is gradually dissipating.
Much can be learned about this complex system as Eta Carinae
has a 5.52-year very eccentric orbit that leads to turning off the
FUV radiation for several months across periastron, which next
occurs in February, 2020. We encourage thoughts and
comments on the character of the dust, how it formed in gas
already depleted of oxygen and carbon. We solicit observations
and modeling of this fascinating, evolving system.

Author(s): Theodore Gull

Institution(s): NASA/GSFC Contributing Team(s): The Eta
Carinae Bunch

143.03 - Constraining DSFG Multiplicity and
Clustering with Comparisons of Empirical
Submillimeter Map Models(Laney Blair Wicker)

DSFG multiplicity, the spatial blending of sources’ flux densities
due to the low spatial resolution of FIR/submm maps, can be
attributed to chance projections of sources, physically
associated sources, or a combination of both. If DSFG



multiplicity is predominantly due to chance projections of
sources along the line of sight as opposed to physically
associated sources, this effect would impact our interpretation
of DSFG evolution. In particular, cosmological simulations
struggle to reproduce DSFGs as single bright sources; a
significant population of DSFG multiples would ease tension
between cosmological predictions and DSFG observations, as
each DSFG would have an effectively lower SFR (e.g. Hayward
et al. 2013). The goal of this project is to compare results of
predictive empirical models of (sub)millimeter emission across
the literature to constrain the role of chance projections of
physically unassociated sources with simulated data.
Specifically, we compare mock output of the models of Casey et
al. 2018a,b -- which is an empirical model of the (sub)mm sky
which does not account for cosmological clustering but allows
for variable histories of obscured cosmic star formation -- with
the SIDES model described by Bethermin et al. 2017 who
account for cosmological clustering yet only one possible
history of obscured cosmic star-formation at early times. Our
results indicate that the high single-dish flux density sources
across all submm/mm wavebands can be mostly (>70%)
attributed to a single bright source, whereas lower flux density
sources are statistically more likely to be a compilation of
several lower flux density sources. We recover the same
multiplicity fraction in both the Casey et al. and Bethermin et
al. models, despite the difference in clustering prescriptions
between them; thus we conclude that the cause of DSFG
multiplicity (line-of-sight projection or physical associated
pairs) is not directly constrainable through empirical models
alone.

Author(s): Jorge Zavala, Johannes G Staguhn, Justin Spilker,
Laney Blair Wicker, Elisabete Cunha, Caitlin M Casey, Patrick
Drew, Jacqueline Hodge, Steven Finkelstein, Chao_Ling Hung
Institution(s): The University of Texas at Austin, Leiden
Observatory, The Australian National University, NASA
Goddard Space Flight Center, Manhattan College, Johns
Hopkins University, Bloomberg Center for Physics and
Astronomy

143.04 - Optical Polarimetry of AGB star Circumstellar
Envelopes(Miranda Caputo)

We present visual light multi-wavelength polarimetry of stars
behind the circumstellar envelopes (CSE) of the asymptotic
giant branch (AGB) stars IRC+10216 and IK Tau. We find
significant polarization attributable to the CSEs with unusual
polarization curve characteristics. These extinction polarimetry
observations complement recent SOFIA/HAWC+ emission
polarimetry, allowing better constraints on the modeling of the
grain characteristic and alignment in the CSEs.

Author(s): B-G Andersson, Miranda Caputo, Andrei
Berdyugin, Vilppu Piirola, Sloane Wiktorowicz, Thiem Hoang,
Archana Soam,

Institution(s): SOFIA Science Center, Turku University,
USRA, Korea Astronomy & Space Science Institute, The
Aerospace Corporation

143.05 - Circumstellar Dust around Mira Variables and
the Importance of Maser Emission: Preliminary
Results(Lisa Shepard)

Asymptotic Giant Branch (AGB) stars are major contributors of
cosmic dust to the interstellar medium. Understanding the
formation of cosmic dust ejected from these stars is essential to
understanding the broader topics of evolution and composition
of stellar and interstellar objects in our universe.We investigate
the formation of circumstellar dust by studying the relationship
between maser emission and dust spectral features for a sample
of Mira variables. This project requires investigating the
infrared spectra of a sizeable sample of stars for which maser
emission has been quantified. Using high-resolution space-
based spectroscopy data along with ancillary data from the
published literature, we determine the nature of dust grains
around these stars. This is achieved using two separate but
complimentary methods. First, we match the positions and
widths of observed spectral features with those seen in
laboratory spectra. This is achieved by modeling the star as a
blackbody, which is subtracted from the observed spectrum to
leave a residual dust-only spectrum. Then we fit a continuum to
the dust only spectra and divide to obtain the emission
efficiency Q of the observed spectral features. These are then
compared to laboratory spectra of potential astrominerals. The
second method determines the composition of the dust shell
star using radiative transfer modeling. The dust shell
parameters that result from these analyses will then be
compared to the parameters of maser emission to determine
whether trends exist. Here we present the first results of
modeling the dust composition.

Author(s): Angela Speck, Lisa Shepard

Institution(s): University of Missouri

144 - Evolution of Galaxies I Posters
144.01 - Cluster-z: Using Correlation Functions to
Measure Redshift Distributions(Rebecca L Larson)

Photometric redshift estimates for large populations of galaxies
are traditionally found with template fitting, which requires
many bands of photometric data to do accurately. Often, galaxy
samples of interest do not have sufficient photometric or
spectroscopic coverage with which to measure accurate
redshifts. In these circumstances, we can leverage overlapping
large samples of galaxies with known redshifts to estimate the
redshift distribution of our unknown sample via spatial cross-
correlation. The power in the cross-correlation is high when the
samples overlap in redshift due to large-scale structure and
clustering of galaxies in halos. We have used the large number
of galaxies with known redshifts (>30,000) in the COSMOS
field (Laigle et al. 2015) as our overlap sample to get an
estimated redshift distribution of the Herschel-detected sources
in this field. To do this we are running the code The-wiZZ,
described in Morrison et al. (2017). It computes a spatial cross-
correlation between the two samples by binning the known
galaxies in redshift space and comparing the unknown sample
with each bin. This correlation can then be used to estimate the



redshift distribution of the unknown sample. We have done this
for the Herschel-detected sources and compared this to
traditional photometric redshift fitting results and find they are
mostly in agreement, with some intriguing offsets. We have also
tested the code’s ability to recover redshifts from a simulated
field of galaxies with different selection biases and find that
with sufficient numbers The-wiZZ can accurately recover the
redshift distribution of galaxies. Clustering is a powerful
method with which to assess redshift distributions (e.g., of
optically faint galaxies) in large surveys, hence it will be of
crucial importance for Euclid, LSST, and WFIRST.

Author(s): Andreas Faisst, Peter Capak, Rebecca L Larson,
Daniel C Masters

Institution(s): University of Texas at Austin, JPL, IPAC

144.02 - Analysis of Lyman Alpha Halos in High
Redshift Galaxies(Noah Lamb)

Galaxies emit light across all wavelengths and are surrounded
by circumgalactic gas, including substantial hydrogen in its
ground state. The Lyman-alpha emission of these galaxies is
prime for scattering by this gas, creating a significant Lyman-
alpha “halo” around each galaxy. We present a study of galaxies
at z=2-3, taken from eight quasar fields, and separated into
bright galaxies selected by their brightness in the UV
continuum, and faint galaxies selected by their brightness in the
Lyman-alpha line. For both sets of galaxies, we model the flux
in the galaxy radially from the center using a Markov chain
Monte Carlo algorithm in order quantify the exponential scale
length of the Lyman-alpha halo, the fraction of total Lyman-
alpha flux in the halo, and any degeneracies between these
properties and the uncertain sky background. Using the bright
and faint galaxy samples, we also explore the dependence of
these halo properties on galaxy luminosity and other
characteristics.

Author(s): Ryan Trainor, Noah Lamb

Institution(s): Franklin and Marshall College

144.03 - Finding Galaxies at z~8-10 with the Hubble
Space Telescope.(Sofia Rojas Ruiz)

Looking for bright galaxies born in the early universe is
fundamental to investigating the Epoch of Reionization, the era
when the first stars and galaxies in the universe ionized the
intergalactic medium. The purpose of this research is to find
galaxy candidates at a time only 500 to 650 million years after
the Big Bang, which corresponds to redshifts z~ 8-10, and study
their luminosity function to help define the timeline and
evolution of reionization. This project is carried out using data
from The Brightest of Reionizing Galaxies Survey (BoRG) from
the Hubble Space Telescope, which consists of pure-parallel
imaging in 120 different lines of sight that sum up to an area of
550 arcmin2. This survey uses five filters and has the advantage
of adding imaging in the JH140 band, covering continuous
wavelengths in the visible and near-infrared (i»= 0.351%4m -

1.71%4m); allowing reliable selection of galaxies at z 4%0¥ 8
using the photometric redshift technique. These galaxy
candidates will be used to determine the bright end of the
luminosity function and the results will provide targets for
follow-up observations with ground-based and space
telescopes. In the near future, the James Webb Space Telescope
will observe at longer wavelengths, confirming the results from
this research and uncovering even more distant bright galaxies,
pushing the boundaries of our understanding about the Epoch
of Reionization.

Author(s): Mira Mechtley, Sofia Rojas Ruiz, James
Diekmann, Matthew L. Stevans, Steven Finkelstein
Institution(s): University of Texas at Austin, Arizona State
University

144.04 - The SFACT Survey - Star Formation Across
Cosmic Time(Jennifer Sieben)

SFACT is a new wide field, narrowband survey designed to
detect faint emission line galaxies (ELGs). The survey uses the
One Degree Imager camera (0.5 sq deg FOV) on the WIYN
3.5m telescope, plus three narrowband filters. By selecting
ELGs via several different emission lines (Hi+, [O III], Hi2, [O
I1]), we are able to access redshift windows between z ~0 and
1.0 We also identify QSOs over a more extensive redshift range.
We plan to use these data to construct robust samples for
studying star formation and AGN activity over a large range of
cosmic lookback time, as well as to measure accurate star
formation rate densities. We observe moderate-to-strong
emission lines from objects as faint as r ~24. Our survey
method detects approximately 100 ELG candidates per square
degree per filter. We obtain confirming follow-up spectra with
the Hydra multi-filter instrument on WIYN, yielding useful
spectra for even the faintest objects. Here we present
preliminary results from our on-going survey that demonstrate
the effectiveness of our method.

Author(s): Jennifer Sieben, John Salzer, David James Carr
Institution(s): Indiana University

144.05 - Constraining the Redshift Evolution of
Lyman-Alpha Halos with HETDEX(Brianna Thomas)

Lyman-alpha emitters (LAEs) are young, powerful galaxies with
high star formation, so much so that their emission can extend
into the halo of the galaxy. This emission has been detected, but
the details of the emission and its extent are somewhat
contentious. Several small studies have provided hints that
redshift evolution may explain some discrepancies. We present
here initial work investigating extended Lyman-alpha emission
using early commissioning data from the Hobby-Eberly
Telescope Dark Energy Experiment (HETDEX). When
complete, HETDEX will survey ~0.8 million LAEs with
redshifts 1.9 < z < 3.5. With 150 integral field spectrographs
known collectively as Visible Integral-Field Replicable Unit
Spectrographs (VIRUS), we can detect their halo extents. This



redshift range is well-matched to provide a large sample of
LAEs to carefully examine both extended emission at individual
redshifts and redshift evolution of Lyman-alpha halos. Using
preliminary HETDEX observations of sources and CANDELS
spectroscopy, we are able to produce flux profiles of each source
and determine their redshifts to begin constraining possible
evolution.

Author(s): Brianna Thomas, Sarah Tuttle

Institution(s): University of Washington

144.06 - The Lyi+ and UV luminosity-dependent
clustering of typical Lyl+ emitters up to z ~ 6(Ali
Ahmad Khostovan)

The current consensus of galaxy formation is that it occurred
inside dark matter halos and that galaxies continue to reside in
their host halos up to the present-day. The main fundamental
question that arises is how are galaxies evolving with their host
halos? How much of a galaxy's evolution is driven by the
properties of its host halo? In this talk, I will address these
questions using a sample of ~ 4000 Lyl+-selected emission line
galaxies (LAEs) from the Slicing COSMOS 4K (SC4K) and ~
1200 LAEs from archival NB497 imaging of SA22 split in 15
discrete redshift slices between z ~ 2.5 4" 6. These samples are
optimal for making clustering and halo property measurements
as the narrowband imaging allows for reliable redshifts (based
on emission line identification), the narrow redshift
distributions removes the effects of redshift-space distortions,
and the source selection picks up primarily star-forming
galaxies. We find strong, redshift-independent trends between
host halo mass and Lyi+ luminosity normalized by the
characteristic Lyl+ luminosity, L*(z). We find a wide, dynamical
range in halo masses with the faintest LAEs (L ~ 0.1 L*(z)) in
1010 M4aS™ halos and the brightest LAEs (L ~ 7 L*(z)) in ~ 5
A— 1012 MAS™ halos. Similar redshift-independent trends with
halo mass are also observed in terms of 1500A... UV luminosity
and dust-corrected UV star formation rates. The wide,
dynamical range in halo masses suggests that LAEs are likely
progenitors of a wide range of galaxies, from dwarf-like, to
Milky Way-type, to bright cluster galaxies, making LAEs great
tools in investigating the early formation and evolution of the
galaxies we see in the local Universe. I will conclude this talk by
discussing the implications of my results in terms of the
importance of the host halo property in the overall evolution of
LAEs.

Author(s): Nima Chartab Soltani, Sérgio Santos, Marziye
Jafariyazani, Ana Paulino-Afonso, David Sobral, Joao Calhau,
Bahram Mobasher, Rachel Cochrane, Jorryt Matthee, Ali
Ahmad Khostovan,

Institution(s): University of California, Riverside, Lancaster
University, NASA Goddard Space Flight Center, Royal
Observatory of Edinburgh, Leiden University, Instituto de
AstrofA-sica e CiA2ncias do EspaA§o

144.08 - Radial Growth of Massive Galaxies from
{HST} Ha Maps at 0.7 $<$ z $<$ 1.5(Aliza Beverage)

We present Ha maps for the most massive star-forming
galaxies at 0.7 $<$ z $<$ 1.5 using the Wide Field Camera 3
grism on the {Hubble Space Telescope (HST)}. The massive
galaxy population at these redshifts are in the process of
transitioning from star-forming to passive. By targeting the
most massive (M$_* > 10°10.5$ M$\odot$) star-forming
galaxies in this redshift range, we probe where and how the
most massive galaxies are growing. Drawing from the WISP,
3D-{HST}, and AGHAST surveys, we present a sample of 702
massive star-forming galaxies. By creating deep stacked Ha
maps and rest frame optical images, we can directly compare
the spatial extent of instantaneous star formation to the spatial
extent of the older stellar population. We find that the regions
of ongoing star formation, while centrally peaked, are more
extended than the older stellar population. At a time in cosmic
history when star formation quenching pervades the most
massive galaxy population, our results indicate that the most
massive galaxies continue to grow in size by in-situ star
formation in the outer-most regions.

Author(s): Aliza Beverage, Gabe Brammer, Micaela Bagley,
Claudia Scarlata

Institution(s): University of Minnesota - Twin Cities,
University of Texas, Austin, Cosmic Dawn Center, Niels Bohr
Institute, University of Copenhagen

144.09 - Galaxy Spectroscopy at the Half age of the
Universe(Angelina Ramona Gallego)

With the LEGA-C survey, we have obtained about 2000 high-
resolution, very high-quality spectra of galaxies, observed at
half the age of Universe. These spectra allow us to measure the
properties of these galaxies with unprecedented precision. We
aim to use such data to measure the full star formation histories
of individual galaxies and thus understand how galaxies grow
and eventually shut off their star formation to become
quiescent. Before doing so, we have to find the optimal way to
interpret the spectra and we need to assess potential biases and
the uncertainties in the derived star formation histories. Our
optimized analysis run on 10 galaxies shows a correlation
between uncertainty in the derived star formation histories and
spectral properties, such as the average signal-to-noise ratio of
the spectra and the wavelength range covered. We plan on
exploring additional parameters such as redshift and stellar
mass for every galaxy in the entire sample and derive average
estimated uncertainties that can be used to plan for future
surveys.

Author(s): Angelina Ramona Gallego, Camilla Pacifici
Institution(s): Hampton University , Space Telescope Science
Institute



144.10 - Morphological Parameters of Galaxies atz ~ 8
in the BoRG and CANDELS Survey(Samir Kusmic)

We analyze the Gini value G and asymmetry value A of a sample
of 10 high-redshift galaxies. These galaxies were confirmed
high-redshift and discovered in the BoORG and CANDELS
surveys. From this, we can confirm that the sample is from the
same population and is not contaminated. The morphological
values lay in the ranges 0.18 < G < 0.3 and 0.3 < A < 0.8 with
errors included. These morphological parameters also do not
appear to correlate with each other nor with photometric
redshift, IRAC color [3.6]-[4.5], and half-light radius. Being one
of the first analyses of high-redshift morphology, this may lay
the foundation for what to look for within these galaxies and
implications and practices to be used in the future. This
includes use in redshift candidacy and galaxy and stellar
formations in this epoch.

Author(s): Joanna Bridge, Samir Kusmic, Benne Holwerda
Institution(s): University of Louisville

144.11 - Oxygen Abundance Gradients and Kinematics
in z~2-2.5 Galaxies(Chelsea Adelman)

Studying galaxies that were forming early in the universe’s
history can help shed light on the formation of the Milky Way
and galaxies in the local universe. Specifically, understanding
the spatial distribution of metals in galaxies can provide
constraints on theories of galaxy formation and evolution. To
address this issue, we have measured metallicity gradients and
kinematics in four z~2-2.5 galaxies from the Keck Baryonic
Structure Survey (KBSS) using near-infrared spectroscopy from
Keck/MOSFIRE to analyze the HII regions in these galaxies.
Our sample has galactic-radii of ~ 6.15-7.65 physical kpc, and
we use the strong line ratio method, specifically the indicators
[NII]I» 6585/Hi+ and [OIII]I»5007/HI2, to determine the
oxygen abundance. The metallicity measurements in one galaxy
exhibit a negative gradient, consistent with inside out-growth
models of galaxy formation, which predict that the formation of
galaxies begins at the central regions, followed later by the
formation of the outer edges. If this is the case, galaxies should
present more metal enriched gas closer to the center than the
edges. In contrast, one galaxy exhibits an inverted gradient with
higher oxygen abundance at larger galactic radii, which could
be attributed to gas inflow from filaments in the cosmic web.
The remaining two galaxies in our sample do not show a
distinct chemical gradient. The kinematics in our sample were
measured, and the indicators in the spectra of three galaxies
show ordered rotation, with rotational velocities consistent with
similar z~2 galaxies in other spectroscopic samples.
Author(s): Allison L Strom, Chelsea Adelman,
Institution(s): Cal Poly Pomona, Carnegie Observatories

144.12 - The Deepest Near-Infrared Spectroscopic
Observation for Lyi+ emission at z > 7(Intae Jung)

Lyl+ emission provides a presently accessible tool to trace the
evolution of the intergalactic medium (IGM) during the epoch
of cosmic reionization. As Lyi+ photons are easily attenuated,
resonantly scattered by neutral hydrogen, the presence of
neutral hydrogen in the IGM can be constrained by estimating
Lyl+ strength, often represented by the equivalent-width (EW)
distribution of Lyl+ emission. Aiming to constrain the end of
reionization, we carried out 14 nights of deep spectroscopic
observations, named the Texas Spectroscopic Search for Lyl+
Emission at the End of Reionization, using the Keck DEIMOS
(optical) and MOSFIRE (near-infrared, NIR) spectrographs to
search for Lyi+ emission from 178 photometric-redshift
selected galaxies at z = 5.5 - 8.3 from the Cosmic Assembly
Near-infrared Deep Extragalactic Legacy Survey (CANDELS)
survey. Particularly, the MOSFIRE dataset where we observed
72 galaxies provides the deepest NIR spectroscopic data for
Lyl+ search at galaxies z > 7 with >15 hr integration time for six
observed galaxies. We will present new results from the deepest
MOSFIRE dataset for the six galaxies, discovering a new z = 7.6
Lyl+ detection as well as providing an updated measure of the
previously confirmed z=7.51 Lyl+ emission in Finkelstein et al.
(2013) with longer exposure.

Author(s): Steven Finkelstein, Intae Jung

Institution(s): The University of Texas at Austin

144.13 - Testing a Dust-Immune Metallicity Diagnostic
in Nearby Metal-Poor Dwarf Galaxies with Far-
Infrared Spectroscopy(Gabriella Sanchez)

The gas-phase metallicity is an important element of galaxies as
metals follow gas inflows and outflows, regulate heating and
cooling, and reflect the history of star formation. Presently,
traditional optical strong-line diagnostics are subject to a factor
of 5 in systematic uncertainties, due to the strong effect of dust
present along the line of sight. However, far-infrared (FIR) fine
structure lines are unaffected by extinction and less susceptible
to temperature effects. The most sensitive FIR line ratio to
metallicity is predicted to include the [OIII] 52Aum and 88Aum
lines and the [NIII] 57Aum line. Using a combination of
archival Herschel/PACS and SOFIA/FIFI-LS data for the low-
metallicity dwarf galaxy He 2-10, we measured the metallicity-
sensitive FIR line ratio to determine the validity of the
predicted diagnostic. We find that the FIR line ratio recovers
the optically-derived metallicity to within 20%, suggesting that
this diagnostic can be applied down to sub-solar metal
abundances. We look to validate this method to lower
metallicities with upcoming SOFIA observations in order to
establish the full dynamic range over which the FIR-based
diagnostic is applicable. This diagnostic will be especially useful
for highly dust-obscured systems, which become increasingly
abundant in the early universe.

Author(s): Gabriella Sanchez, Justin Spilker

Institution(s): University of Hawaii at Manoa, University of



Texas at Austin

144.14 - The MOSDEF Survey: Probing Resolved Stellar
Populations at z~2 using a New Bayesian-defined
Morphology Metric(Tara Fetherolf)

Studying the resolved structure of high-redshift galaxies can
give insight into the evolution of galactic properties, such as the
amount and distribution of stars and interstellar dust. In
particular, we are interested in investigating how the
distribution of dust changes as galaxies increase in stellar mass
at redshift z~2, when star-formation activity was at its highest.
To completely characterize the galaxies, we pair high-
resolution, multi-waveband CANDELS/3D-HST imaging with
Hi+ and Hi2 emission line observations from the MOSFIRE
Deep Evolution Field (MOSDEF) survey and construct stellar
population and dust maps of ~300 star-forming galaxies at
spectroscopic redshifts 1.36 < z < 2.66. We highlight three of
our primary results, as follows. 1) Voronoi binning schemes
based exclusively on the H-band signal-to-noise distribution
result in systematically redder resolved and global color
excesses. 2) Galaxies with large effective radii (>3 kpc at z~2)
may have higher Hi+-to-UV SFR ratios towards their centers
compared to compact galaxies, suggesting more recent star-
formation towards the centers of these galaxies. 3) We quantify
resolved stellar continuum color excess distributions by using
the Gini and M20 coefficients alongside a newly defined
parameter, “patchiness” (P). High-mass galaxies exhibit
patchier stellar continuum color excess distributions with lower
Gini coefficients compared to low-mass galaxies. Our results
support a picture where dust is smoothly distributed in low-
mass galaxies, suggesting efficient mixing of dust throughout
their ISM. On the other hand, the dust distribution is patchier
in high-mass galaxies, such that dust is concentrated near
regions of active star-formation and dust mixing timescales are
expected to be longer.

Author(s): Tara Fetherolf, Naveen A Reddy

Institution(s): University of California Riverside
Contributing Team(s): MOSDEF

144.15 - LOCAL HIGH-z GALAXIES
ANALOGS(Skarleth Melissa Motino Flores)

Understanding the physical processes driving galaxy formation
and evolution is one of the most important goals of
observational cosmology. It is also one of the most difficult
problems to address due to the large distances involved. We
have therefore selected a sample of nearby star-forming
galaxies from the Brown et al 2014 (UV to MIR spectroscopic
sample) that successfully fit broadband photometric data of
high redshift galaxies (z>4) and, hence, are potential local
analogs of high redshift galaxies. These galaxies are young, star-
forming and are likely to have star formation histories similar
to high redshift (z>4) galaxies. We are using SOFIA HAWC+
(53, 89, 154 and 214 um) to obtain photometry of the local

analogs and Herschel photometric FIR data (70, 100, 160, 250,
350 and 500 um) of a sample of high redshift galaxies.
Combined with optical/NIR data we can derive the Spectral
Energy Distribution (SED) from UV to FIR wavelengths for
both the local analogs and the high redshift galaxies. We also
use SOFIA FIFI-LS to observe the [CII] 158 I¥4m and [OIII] 88
ivam fine-structure lines in our sample of local analogs. These
lines are accessible with ALMA for high redshift objects and can
be used to characterize the ISM. Our overall aim is to
characterize the properties of the local galaxies and determine
their star formation history (SFH). These will be compared with
photometric and spectroscopic results for z>4 galaxies obtained
using Herschel and ALMA. We are exploring ways of deriving
Herschel FIR photometry for blended sources using ALMA
submm data as priors, either as detections or upper limits.
Author(s): Rafael Eufrasio, Skarleth Melissa Motino Flores,
Tommy Wiklind,

Institution(s): Catholic University of America, NASA
Goddard Space Flight Center, University of Arkansas
Contributing Team(s): SOFIA, GOODS

144.17 - Spatially resolved star-formation histories and
the connection to galaxy physical properties(Kate
Rowlands)

Understanding where and how galaxies build up their stellar
mass over time is key to understanding galaxy evolution.
Galaxies grow in stellar mass through the conversion of gas into
stars, and by accretion of material via galaxy mergers. We do
not have a complete picture of where mass being built in
galaxies with different properties, and what processes regulate
star formation. Using spatially resolved spectra from the
MaNGA survey, we map the star-formation histories of 980000
spaxels in 2404 galaxies. We examine the spatial distribution of
star-forming, starburst, quiescent, post-starburst and green
valley spaxels as a function of stellar mass and morphology.
Using the spatially resolved gas-phase metallicity and a gas
mass proxy, we explore why some regions in galaxies are
rapidly building up their stellar mass, and why others are not.
Characterizing these local galaxy populations in unprecedented
detail will serve as a pathfinder for studies in the early Universe
using next generation observatories such as JWST.

Author(s): Médéric Boquien, Joel Brownstein, Jonathan
Brinkmann, Tim Heckman, Kate Rowlands, Hsiang-Chih
Hwang, David Thilker, Jorge Barrera-Ballesteros, Vicente
Rodriguez-Gomez, Vivienne Wild, Rebecca Smethurst, Nadia
Zakamska, Brett Andrews, Jennifer Lotz,

Institution(s): Johns Hopkins University, Space Telescope
Science Institute, University of St Andrews, Apache Point
Observatory, University of Pittsburgh, University of
Nottingham, Universidad de Antofagasta, University of Utah



144.18 - The Hi+ luminosity and star formation rate
dependent clustering of galaxies at 0.7 < z < 1.5 from
3D-HST(Callie Clontz)

We present measurements of the dependence of the clustering
amplitude of galaxies on their Hi+ luminosity, and hence star
formation rate, at 0.7 < z < 1.5 to assess the extent to which
environment effects these properties. While these relations are
well determined in the local universe they are much more
poorly know at earlier times. For this analysis we make use of
near-IR HST WFC3 grism spectroscopic data in the five
CANDELS fields obtained as part of the 3D-HST survey
(Brammer et al. 2012; Skelton et al. 2014; Momcheva et al.
2016). We make projected 2-point correlation function
measurements using ~6,000 galaxies with accurate redshifts,
and Hi+ luminosity determined star formation rates. We find a
strong dependence of clustering amplitude on Hi+ luminosity
and star formation rate(SFR). Our sample is large enough that
we can control for stellar mass and we show that there remains
some residual dependence of clustering amplitude on SFR even
when the mass is fixed.

Author(s): David Wake, Callie Clontz

Institution(s): University of NC Asheville

144.19 - Star Formation Rates of 1000 Intermediate
Mass 0.34%o0xz4%ox 0.4 Galaxies in the COSMOS
Field(Brian Lorenz)

Recent advances in theoretical modeling of galaxy evolution
make striking predictions for the present-day properties of
intermediate mass galaxies (IMGs) and their evolution over
cosmic time. Due to their faintness, there exist few unbiased
samples of IMGs to test such predictions, with only a handful of
IMGs in the Local Group. However, deep observations in the
COSMOS field allow for the collection of cosmologically
representative samples of IMGs. We here present properties
measured from Magellan/IMACS flux-calibrated spectra for
1249 quiescent and star-forming galaxies selected from the
deep UltraVISTA catalog, with stellar masses ranging from 109
to 1010 MAS™ and at redshifts 0.34%o%z4%0x0.4. As few
observational samples of IMGs exist in this redshift range, these
data provide a benchmark for future theoretical work. We (a)
derive cross-correlation, spectroscopic redshifts for 1026
galaxies, and (b) measure fluxes for nine strong emission lines
from [OII]3727A... through Hi+65634,«. These measurements
are used to study the star-forming main sequence in the IMG
mass range with Balmer decrement corrected Hi+ SFRs, one of
the deepest such observations at these redshifts.

Author(s): Shannon G. Patel, Louis E. Abramson, Brian
Lorenz, Thomas Connor, Stephanie Tonnesen, Daniel D. Kelson
Institution(s): Pomona College, Center for Computational
Astrophysics, Carnegie Observatories

144.20 - Star Formation in Galaxies in Undergraduate
ALFALFA Team Groups and Clusters(Aiyana Poulin)

The Undergraduate ALFALFA Team (UAT) Groups project is a
coordinated study of gas and star formation properties of
galaxies in and around more than 50 nearby (z<0.03) groups
and clusters of varied richness, morphological type mix, and X-
ray luminosity. We aim to probe mechanisms of gas depletion
and morphological transformation by considering the spatial
distributions of star formation in galaxies inhabiting a wide
range of group and cluster environments. Here we present
recent results from our wide area Hi+ and broadband R
imaging project carried out with the WIYN
0.9m+MOSAIC/HDI at KPNO. This work has been supported
by NSF grant AST-1211005 and AST-16373309.

Author(s): Martha P Haynes, Adriana Durbala, Aiyana Poulin,
Rebecca Koopmann, Rose A Finn, Max Libre

Institution(s): Union College, Siena College, University of
Wisconsin Stevens Point, Cornell University Contributing
Team(s): Undergraduate ALFALFA Team, ALFALFA Team

144.21 - The Galaxy Evolution Probe: A Mid to Far-
Infrared Space Observatory Concept to Characterize
the Cosmic History of Star Formation(Jason Glenn)

A new observational data set comprising an unprecedented
survey of star formation in galaxies will be a crucial tool for
understanding the processes that drove the growth and decline
of star formation in galaxies. The Galaxy Evolution Probe
(GEP) is a concept for a mid-to-far-infrared NASA Astrophysics
Probe whose purpose is to characterize the star formation
history in galaxies and to measure the physical process that
drove that history. Mid and far-infrared observations yield star
formation rates and measurements of the physical conditions of
the interstellar medium directly affected by feedback by star
formation. GEP surveys will include a deep few-square-degree
survey, a survey of tens of square degrees to overcome cosmic
sample variance at the peak of cosmic star formation density,
and an all-sky survey providing a census of local-universe star
formation and a large sample of gravitationally lensed high-
redshift galaxies. The GEP surveys will span redshifts that
encompass the bulk of cosmic star formation, over a range of
galaxy-density environments. The surveys will come in two
forms. A low-resolution spectral imaging survey, with spectral
coverage from 10 to 400 um and a spectral resolution of R = 8,
will measure infrared spectral energy distributions of galaxies
and measure their redshifts photometrically. Photometric
redshifts will be obtained using bright polycyclic aromatic
hydrocarbon emission features. Deep, moderate-resolution (R
= 200) spectroscopy from 24 to 193 um will detect atomic fine-
structure lines over a range of ionization states to measure the
impact of star formation and AGN on the interstellar medium.
The NASA funded GEP concept design study is nearly complete,
with a planned launch in early 2029. The science objectives
and implementation of the space observatory will be described.
Author(s): Jason Glenn



Institution(s): University of Colorado Boulder

144.22 - Tidal Tales of Minor Mergers: Star Formation
in the Tidal Tails of Minor Mergers(Karen Knierman)

While major mergers and their tidal debris are well studied,
equal mass galaxy mergers are relatively rare compared to
minor mergers (mass ratio <0.3).Minor mergers are less
energetic than major mergers, but more common in the
observable universe, and thus likely played a pivotal role in the
formation of most large galaxies. Tidal debris regions have large
amounts of neutral gas but a lower gas density and may have
higher turbulence. We use star formation tracers such as young
star cluster populations and H-alpha and CII emission to
determine the different factors that may influence star
formation in tidal debris. These tracers were compared to the
reservoirs of molecular and neutral gas available for star
formation to estimate the star formation efficiency (SFE). The
SFR in tidal debris can reach up to 50% of the total star
formation in the system. The SFE of tidal tails in minor
mergers can range over orders of magnitude on both local and
global scales, and include several star forming regions with
higher than normal SFE. From the tidal debris environments in
our study, this variance appears to stem from the formation
conditions of the debris. New results of more distant galaxies
from the first survey of molecular hydrogen in minor merger
tidal debris will be presented. Current surveys of the 2.12
micron line of molecular hydrogen, CO(1-0), and HI for 15
minor mergers, are providing a larger sample of environments
to study the threshold for star formation that can inform star
formation models, particularly at low densities.

Author(s): Karen Knierman, Paul Scowen, Jacqueline
Monkiewicz, Chris Groppi

Institution(s): Arizona State University

144.23 - Correlation between Stellar Tidal Disruption
Events and Extreme Mass Ratio Inspirals(Patrick
Adams)

We examined how the rates of stellar tidal disruption events
(TDEs) might correlate to the rates of extreme mass ratio
inspirals (EMRISs). To do so we analytically calculated the
density and distribution of stars in a simplified galaxy model.
This galactic stellar distribution was then used to
computationally model the differential flux and total rate at
which stars diffuse into the TDE and EMRI loss cones, a
threshold point at which stars will eventually be consumed or
accreted by a supermassive black hole. We found some clear
theoretical differences between TDEs and EMRIs and
limitations in how they are correlated, while we also verified
some basic aspects of these phenomena.

Author(s): Michael Kesden, Patrick Adams
Institution(s): Haverford College , University of Texas at
Dallas

144.24 - Star formation in low mass isolated galaxies
and interacting pairs(Jing Sun)

Studies on the star-formation activities in low-mass interacting
galaxies are of critical importance for enlarging our knowledge
on the evolution of galaxies. We explored the current star-
formation rate in both isolated and interacting low-mass
galaxies. We select our galaxy pair candidates to include two
low-mass galaxies with a projected separation smaller than 150
kpce; our isolated galaxy sample do not have neither massive nor
low-mass galaxies within 1500 kpc. This sample intentionally
excludes galaxies with a massive galaxy neighbor within 1500
kpc as massive neighbors can harass low-mass companion
galaxies and can cause them to become quenched. With these
selected galaxies, we discuss how interactions between low-
mass galaxies can alter their star-formation activity. This
project is the first attempt to systematically study how the
internal star-formation activities of low-mass galaxies are
influenced by outer environment. Our investigation is based on
the spatially resolved data from the Mapping Nearby Galaxies
at Apache Point Observatory (MaNGA), which is one of the core
projects of the fourth-generation Sloan Digital Sky Survey
(SDSS-1V).

Author(s): Jing Sun, Peter Frinchaboy, Kat Barger
Institution(s): Texas Chiristian University

144.25 - Identifying and Comparing Centrally Star-
Forming Galaxies Using MaNGA(Myles A McKay)

We have discovered a group of face-on Sloan Digital Sky Survey
(SDSS) spiral galaxies that have primarily central star
formation. Identified through the imaging survey, and
confirmed through central spectroscopy, we look to integral
field spectroscopy to identify specific regions forming stars.
Conventional “inside-out” models of galaxy evolution might
lead one to believe these galaxies should primarily be found in
dense environments where the materials for star formation
could be removed from the disks. However, we find these
galaxies in a broad range of environments. A small number of
galaxies from the original sample have been serendipitously
observed with MaNGA. The Mapping Nearby Galaxies at APO
(MaNGA) survey is an ambitious project with an objective to
obtain spectral measurements of the nuclei of over 10,000
galaxies. We used the spatially resolved observed galaxies from
MaNGA to improve our measures and localize the star-forming
processes. Our goal is to explore if these objects are a single
class of galaxies or if this a quick stage of galaxy evolution that
occurs. In this poster, we explain the data reduction and how
we identified and compared the primary location of the star-
formation.

Author(s): Myles A McKay, Sarah Tuttle, Stephanie Tonnesen
Institution(s): University of Washington, Center for
Computational Astrophysics in New York



144.26 - Stellar populations in the tidal debris of NGC
520(Shawn McLain)

Galaxy interactions lead to a redistribution of stellar material
into the intragalactic medium. This material, visualized in tidal
debris, contains stellar material both drawn from the
progenitor galaxies and formed in-situ, combined together in
the diffuse light. Newly formed star clusters are subject to
external and internal forces, which disrupt them and disperse
their contents into the diffuse stellar light, along with stars
originating from the host galaxies. Our previous work on NGC
3256 was able to distinguish between these populations,
providing ages and masses for each stellar component, along
with the surviving star clusters. With Gemini GMOS imaging,
we extend our work to NGC 520, a nearby merger boasting a
sweeping tidal tail. We report on our results for stellar
populations in the tidal debris of this unique merger, both in
star clusters and in the tidal debris.

Author(s): Michael Rodruck, Shawn McLain, Jane Charlton
Institution(s): Pennsylvania State University

144.27 - Star Formation Stochasticity Measured with
the Burst State Indicator(Adam Broussard)

One of the key questions in understanding the formation and
evolution of galaxies is how starbursts affect the assembly of
stellar populations in galaxies over time. We define a Burst
State Indicator (I-), which compares a galaxy's star formation
rates on short (~10 Myr) and long (~100 Myr) timescales in
order to differentiate between galaxies with increasing,
decreasing, or constant star formation rates. To estimate i-, we
apply the detailed temporal response of Hi+ and near-
ultraviolet emission to star formation histories (SFHs) from
Semi-Analytic Models and the Mufasa hydrodynamical
cosmological simulations. Analyzing the width of the
distribution of i- for ensembles of galaxies at a given epoch
allows us to characterize the level of burstiness in a galaxy
population's recent star formation history. We find that top-
heavy IMFs can suppress measurements of burstiness by a
factor of ~1.5 relative to a standard high mass IMF slope, while
changing metallicity has little effect. We apply realistic noise
and selection effects to the models to generate mock Hubble
Space Telescope (HST) and James Webb Space Telescope
(JWST) galaxy catalogs and compare these catalogs with 3D-
HST observations of z~1 galaxies detected in Hi+.
Measurements of I- are unaffected by dust measurement errors
under the assumption that E(B-V)stars=0.44 E(B-V)gas (i.e.
Rstar=0.44). However, setting Rstar=0.8 resolves several
discrepancies betweeen 3D-HST observed data and that of
simulations. On the other hand, setting Rstar = 0.8 implies that
the average SFH in the 3D-HST sample is declining rapidly,
which is both surprising and in contrast with the models. Hence
even varying the dust law cannot resolve the discrepancy
between the models and the observed burstiness of the 3D-HST
galaxies. JWST will offer greatly improved Hi+ measurements,
reducing measurement noise and uncertainty, particularly for

low mass galaxies. Support for Program number HST-AR-
14564.001-A was provided by NASA through a grant from the
Space Telescope Science Institute, which is operated by the
Association of Universities for Research in Astronomy,
Incorporated, under NASA contract NAS5-26555.
Author(s): Kartheik Iyer, Peter Kurczynski, Intae Jung,
Rachel Somerville, Camilla Pacifici, Adam Broussard, Romeel
Dave, Steven Finkelstein, Eric Gawiser,

Institution(s): Rutgers University, University of the Western
Cape, Center for Computational Astrophysics, University of
Texas at Austin, South African Astronomical Observatories,
Goddard Space Flight Center, Space Telescope Science
Institute

144.28 - Deriving stellar population models of galaxies
through spectroscopic analysis(Oscar Antonio Chavez
Ortiz)

Using spectroscopic data from the MOSFIRE Deep Evolution
Field (MOSDEF) survey we study stellar population properties
of distant galaxies. The MOSDEF survey is a rest-frame optical
spectroscopic survey of ~1500 galaxies in three different
redshift regimes: 1.37-1.70, 2.09-2.61, and 2.95-3.80. We utilize
the MOSDEF survey to calculate and compile deep spectra of
galaxies that have been observed in more than one mask. These
deep spectra are composites of the multiple single-observation
spectra, such that emission or absorption lines previously
indistinguishable become evident. By comparing the deep
spectra with stellar population synthesis models we can derive
stellar population properties. We also compared the spectra of
the same galaxies observed in different masks and assessed the
robustness of the corresponding spectroscopic measurements.
The research will further galaxy evolution models and give
insight into anomalies present in the deep spectra.

Author(s): Oscar Antonio Chavez Ortiz

Institution(s): UC Berkeley Contributing Team(s): MOSDEF

144.29 - Deriving star formation histories from
photometric spectral energy distributions with
diffusion k-means(Gregory Mosby)

The star formation histories of galaxies give us insight into how
galaxies have changed over time and continue to evolve as
factories of the universe’s gas, dust, and metal content. We can
measure these star formation histories coarsely from integrated
spectra of galaxies, but as we look back farther in the universe’s
history even marginal signal to noise spectra become costly. We
have shown in previous works that a reduced basis set of
averaged stellar populations determined by the machine
learning diffusion k-means (DFK) algorithm can be used to
recover precise and accurate star formation histories from low
signal to noise spectra. In this work, we use this reduced basis
set to analyze photometric galaxy spectral energy distributions
(SEDs) that may be available in the absence of a spectrum. To
compare a DFK basis set to current methods used to analyze



galaxy SEDs, we look at the 3D-HST photometry catalog of
galaxies observed in the GOODS-N field. We compare the
stellar population results using FAST from the catalog to the
results using the DFK basis set. Precise and accurate stellar
populations from photometric SEDs using the DFK basis set
would provide a unique tool for analyzing galaxy star
formations histories out to high redshift.

Author(s): Gregory Mosby

Institution(s): NASA Goddard Space Flight Center

144.30 - Using Convolutional Neural Networks to
predict Galaxy Metallicity from Three-Color
Images(Steven Boada)

We use a deep residual convolutional neural network (CNN) to
predict the gas-phase metallicity (Z) of galaxies measured using
spectroscopic information from the Sloan Digital Sky Survey.
Using a full sample of 4"%4130,000 RGB (irg) 128 x 128 pixel
images, we find a root mean squared error (RMSE) of 0.085
dex between predicted and true metallicities, which
significantly surpasses the performance of a random forest
algorithm (RMSE = 0.130 dex) trained on broadband
photometry of the same data set. We construct a low scatter (0.1
dex) mass-metallicity relation (MZR) using the CNN-predicted
metallcity and the stellar mass inferred from the spectroscopy.
Because our predicted MZR shows a similar level of scatter as
the empirical MZR, the difference between the CNN-predicted
and spectroscopically derived metallicity can not be due to
purely random error. This suggests that the CNN has learned a
representation of the gas-phase metallicity, from the optical
imaging, beyond what is accessible with oxygen spectral lines.
This work is partially supported by NASA Astrophysics Data
Analysis grant number NNX14AF73G and NSF Astronomy and
Astrophysics Research Program award number 1615657.
Author(s): Steven Boada, John Wu

Institution(s): Rutgers University

144.31 - Find the Quenching Mechanism of az ~ 0.7
Post-Starburst Galaxy(Qiana Hunt)

The process by which massive galaxies transition from blue,
star-forming disks into red, quiescent galaxies remains one of
the most poorly-understood aspects of galaxy evolution. In this
investigation, we attempt to gain a better understanding of how
star formation is quenched by focusing on a massive post-
starburst galaxy at z = 0.747. We look for indicators of star
formation suppression mechanisms in the stellar kinematics
and age distribution of the galaxy obtained from spatially
resolved Gemini Integral-Field spectra and in the gas
kinematics obtained from ALMA. Based on these properties, we
believe the target may represent the product of a merger-
induced starburst or of morphological quenching; however, our
results are not completely consistent with any of the prominent
quenching models currently favored in the literature.
Author(s): Mariska Kriek, Rachel Bezanson, Jenny Greene,

Qiana Hunt, Wren Suess
Institution(s): University of Michigan, Princeton University,
University of Pittsburgh, University of California, Berkeley

144.32 - Ultra Diffuse Galaxies in the (Simulated)
Wild(Anna C Wright)

Ultra Diffuse Galaxies (UDGs) have stellar masses similar to
dwarf galaxies, but physical sizes more akin to L$_*$ galaxies.
The vast majority thus far discovered have been observed
within clusters, but UDGs are known to exist in a wide variety
of environments. Previous studies of UDG evolution in
cosmological simulations have been limited to a handful of field
galaxies, making it difficult to produce clear predictions for
their overall abundances or to identify how their formation
channels may depend on environment. We present results from
the first large sample of isolated and satellite UDGs from a fully
cosmological simulation. Using Romulus2s, a 25$"3$
Mpc$”3$ high-resolution uniform volume box run with N-body
+ smoothed particle hydrodynamics code ChaNGa, we examine
the evolution and $z=0$ properties of these galaxies and show
that UDGs are not a separate population, but the low surface
brightness, high effective radius tail of the dwarf galaxy
population.

Author(s): Thomas Quinn, Daisuke Nagai, Anna C Wright,
Andrew Pontzen, Michael Josef Tremmel, Ferah Munshi,
Alyson Brooks

Institution(s): Rutgers, The State University of New Jersey,
University of Oklahoma, Yale University, University College
London, University of Washington

144.33 - Satellite Galaxy Quenching in
Simulations(John William Montano)

Observations of satellite galaxies in the local Universe suggest
that s.the suppression of star formation (or “quenching” ) is a
relatively inefficient process for intermediate-mass satellites,
such that quenching typically occurs on timescales of 4-7 Gyrs
following infall. Using the Illustris simulation suite, we
investigate whether this timescale is reproduced in modern
hydrodynamic models of galaxy formation, with the goal of
better understanding the relevant physical processes at play. In
addition, we explore the variation in satellite infall times within
Tllustris, investigating the role of tidal stripping associated with
the inclusion of baryons in the hydro simulations relative to the
dark matter-only simulations. We find that this effect is non-
negligible with infall times skewed towards later times when
including baryonic effect

Author(s): Michael C. Cooper, John William Montano,
Institution(s): California State University San Bernardino,
University of California Irvine



144.34 - What Lights up a Galaxy Bridge? Star
Formation within Galaxy Bridges(Luis Angel Martinez
Patino)

Galaxy tails and bridges are the hallmark of the most
spectacular galaxy-galaxy interactions in the sky. In this work,
we investigate the physics behind the formation and evolution
of galactic bridges. We employ a suite of 277 high-resolution
galaxy merger simulations, which rely on the novel “Feedback
In Realistic Environments” (FIRE) model. This model is
capable of resolving individual Giant Molecular Clouds, and of
capturing the small-scale physics of the interstellar medium.
With this framework, we can investigate how bridges are
formed, their extent and duration, the amount of in-situ star
formation within them, and the importance of stellar and
gaseous migration as these features form. Our key science goal
is to determine which orbital parameters controlling our
mergers drive the intensity and duration of these bridges.
Future work includes a thorough comparison with low redshift
systems, to determine the relative importance of bridges in
galaxy evolution.

Author(s): Paul Torrey, Luis Angel Martinez Patino, Jorge
Moreno,

Institution(s): Harvey Mudd College, Pomona College,
Harvard Smithsonian Center for Astrophysics, University of
Florida Contributing Team(s): FIRE Collaboration

144.35 - Automatic Detection and Analysis of Debris
from Galactic Accretion Events(Shifra Mandel)

Recent surveys of galaxies have allowed us to observe them at
lower surface brightness than previously possible, revealing a
plethora of enveloping substructures, which are believed to be
signatures of galactic debris resulting from hierarchical
mergers. Traditionally, this tidal debris has been classified,
modeled and interpreted manually, as detection of these
substructures was limited to modest numbers of galaxies.
Upcoming observations promise to significantly decrease the
surface brightness limit (with WFIRST) and increase the
sample size (with LSST) of substructures that can be observed.
Here we present a method for automatically classifying and
characterizing the morphology of tidal debris, which will enable
us to efficiently handle the forthcoming data onslaught. The
method is capable of distinguishing shell-like and stream-like
tidal debris, which are the most distinct morphologies, and
measuring their luminosities and scales. The morphology of the
debris encodes information about the shape of the satellite
orbit, as well as the duration of the epoch of accretion and the
relative masses of the satellite and host galaxy. We use N-body
simulations to test our method and to demonstrate how
identifying the properties of these substructures will help us
unravel the accretion histories of galaxies in our Universe.
Author(s): Kathryn V. Johnston, David Hendel, Shifra
Mandel

Institution(s): Columbia University

144.36 - Galaxy Mergers On FIRE: Stellar Shell
Evolution in Post-Mergers(Angela Twum)

Galaxyshells are low surface brightness regions that appear as
concentric arcs of dense stellar particles within the stellar halo
of massive galaxies. Shells form as a result of galaxy mergers
and can be an indicator of how recently the merger took place.
To study how the structure and mass distribution within these
shell structures evolve, we utilize a suite of 24 high resolution
galaxy merger simulations. Our simulations employ the Second
Version of the "Feedback in Realistic Environments" (FIRE2-2)
model. In this preliminary work, we focus primarily on a
representative fiducial run of the merger suite, one designed to
maximize both duration and the impact of the encounter. We
visually identify a number of shell structures in both
configuration and phase space, and then trace the distribution
of star particles forward and backward in time to observe how
these shell structures evolve. In addition, we test the feasibility
of our analyses as a method that can be used by observers to
identify and study the brightness evolution of shells in the local
universe.

Author(s): Paul Torrey, Angela Twum, Jorge Moreno,
Institution(s): Pomona College, University of Florida,
Harvard University Contributing Team(s): Fire Collaboration

144.37 - Recovering Specific Star Formation Rate of
Simulated Galaxies with Spectral Energy Density
Fitting(Brooke Polak)

Robustly measuring the specific star formation rate in galaxies -
- the star formation rate per unit stellar mass -- is crucial to
understanding galaxy evolution over cosmic time. Future
missions, such as the James Webb Space Telescope (JWST) and
the Wide Field Infrared Space Telescope (WFIRST) will observe
the stellar component in galaxies out to the first galaxies, but
the inferred stellar mass and star formation rates can be
severely biased by the presence of dust. Model galaxies of
various types, luminosities, and redshifts with a range of star
formation rates and stellar masses were generated with Flexible
Stellar Population Synthesis for Python (Python-FSPS). The
spectral energy densities (SEDs) were fit with multiple
combinations of photometric bands from current-generation
instruments as well as next-generation instruments spanning
wavelengths from optical to millimeter wavelengths. Our goal is
to study the optimal combination of photometric
measurements in order to robustly recover a galaxy’s specific
star formation rate. Our work will inform how well future
missions will be able to measure the specific star formation
rates in galaxies of different types and redshifts from SED fits,
as well as inform which long wavelength bands will be best in
breaking the degeneracies in the model fits caused by dust.
Author(s): Kedar A. Phadke, Joaquin Daniel Vieira, Brooke
Polak

Institution(s): University of Illinois Urbana-Champaign



145 - Evolution of Galaxies II Posters
145.01 - The Empirical Metallicity Distribution
Function of RESOLVE and ECO Galaxies(Amanda J
Moffett)

We use optical spectroscopy for the highly complete, volume-
limited REsolved Spectroscopy Of a Local VolumE (RESOLVE)
survey along with its larger but less complete Environmental
COntext (ECO) catalog to derive a novel population-level
constraint on models of chemical evolution in dwarf and giant
galaxies. For this analysis, we use public Bayesian inference
codes, which allow us to move beyond point estimates of gas-
phase metallicity and consider the full metallicity PDF for each
galaxy. By combining individual PDFs, we then construct the
population metallicity distribution functions for both RESOLVE
and ECO samples, which we find to be comparable in spite of
their differing selection functions. We also explore systematic
effects on the form of the derived metallicity functions by
varying the stellar population and photoionization models
included in our Bayesian inference.

Author(s): Chris Richardson, Amanda J Moffett, Sheila
Kannappan, Andreas Berlind, Mugdha Polimera
Institution(s): Vanderbilt University, Elon University,
University of North Carolina

145.02 - Investigating ALMA Observing Configurations
for Detecting CO Power Spectra from Faint Star
Forming Galaxies(Roxana Popescu)

The star formation history of the Universe is a key component
to understanding galaxy evolution and it can be inferred by
observing a number of tracers. The Carbon Monoxide (CO)
molecule through its rotational transitions has emerged as one
of the most abundant and accurate tracers of the dense
molecular gas content in galaxies which forms the fuel for star
formation. Numerous deep and wide CO observations using
ALMA and other instruments have provided important
information about the distribution of star forming galaxies in
the recent universe (1 < z < 3). A number of future experiments
using intensity mapping techniques are being planned to
observe the molecular gas content of galaxies at even earlier
epochs, such as the Epoch of Reionization (EoR) at z = 6. Direct
detection of CO is limited by the sensitivity of the instruments
and therefore faint CO-emitting galaxies may remain
undetected. Observations of CO power spectra can provide
information about faint CO emission that cannot be directly
observed. In this study, we aim to understand the optimal
observing configuration with ALMA in Band 3 (85-115 GHz) for
detecting CO power spectra in order to understand the
contribution of faint CO emitting galaxies to the spatial
distribution of the molecular gas content on large scales in the
Universe that cannot be directly detected. We simulated
observations of emission from the CO 3-2 transition line from
galaxies in a data cube centered at z = 2.47. Using a fiducial
luminosity function, we placed galaxies randomly in a cube of
volume 6253.94 Mpc3 with luminosities ranging up to 0.00265
Jy/beam. The data cube is then processed through CASA

software to simulate observations with ALMA. Using the
simulated measurements, we present the preliminary results
from the power spectrum estimates.

Author(s): Nithyanandan Thyagarajan, Roxana Popescu
Institution(s): University of Maryland, National Radio
Astronomy Observatory

145.03 - Black Hole Feedback at Cosmic High Noon
Revealed by HST Grism Spectroscopy(Jillian
Rastinejad)

The period of Cosmic High Noon is characterized by rapid star
formation rates that exceed those at any other point in the
universe. However, a large population of galaxies during this
time do not exhibit the color characteristics of rapid star
formation that we expect to observe; rather, we conclude these
galaxies are quiescent. Using a sample of galaxies from the 3D-
HST Survey of redshift 1.0<z<1.6, we look for consistencies
between quiescence and signatures of active galactic nuclei
(AGN). We identify quiescence by taking measurements of H-
alpha and H-delta emission lines from the stacked spectra of 39
galaxies. Using this stacked spectrum, we look for AGN
signatures in the form of hard-ionizing ultraviolet radiation and
nuclear [OIII] and [NellI]. We then compare the results from
these quiescent galaxies with a control sample of the general
population of galaxies at the same redshift range. Looking
forward, similar studies will be possible for individual objects
due to the ground-breaking capabilities of JWST grism
spectroscopy.

Author(s): Jillian Rastinejad, Jonathan R. Trump
Institution(s): University of Connecticut

145.04 - The Dragonfly Galaxy: Searching for Outflows
in a Radio-loud Triple Merger(Sophie Lebowitz)

The Dragonfly Galaxy (MRC 0152-209) is the most infrared-
luminous radio galaxy at redshift of z=2. It is a unique system of
three merging galaxies containing a powerful radio jet and
tremendous rates of gas displacement. We discovered that large
amounts of cold molecular gas are being displaced at a rate of
~3000 Msun/year, which matches the star-formation rate in
this system. We present new, high resolution data from the
Atacama Large Millimeter Array (ALMA) and the Very Large
Array (VLA) of the emission of carbon monoxide (6-5), dust,
and synchrotron emission. In this study, we examine the
contribution of tidal forces from merging versus outflows of gas
and dust from the jet or starbursts towards the rapid
displacement of molecular gas in this system. These new studies
show that the gravitational effect of the merger is the dominant
factor in driving the gas displacement, not AGN-feedback.
Surprisingly, only a modest outflow was found to be associated
with the powerful radio jet, questioning the importance of jet-
driven outflows of molecular gas in the evolution of this massive
galaxy.

Author(s): Sophie Lebowitz,



Institution(s): The Ohio State University, National Radio
Astronomy Observatory Contributing Team(s): DrBjorn
Emonts

145.05 - Galaxy Gradients Across Simulations(Jennifer
Mead)

We are examining and comparing the age and metallicity
gradients of galaxies in cosmological hydrodynamical zoom
simulations across different codes. Usually, when we attempt to
simulate galaxies in order to understand these gradients and on
a larger scale, galaxy formation theory, the focus tends to be on
galaxies of similar mass and size to the Milky Way, within a
single code and simulation. What is not well explored is how
age and metallicity gradients of galaxies vary over different
simulations and codes. We examined several galaxies both
qualitatively and quantitatively between codes and across
redshifts and we see that the age and metallicity gradients each
follow similar qualitative trends. We observe that age gradients
seem to show that the age of the stellar population decreases
with radius within the disk and increases with radius as the
population becomes halo dominant. Additionally, the
metallicity fraction decreases with radius consistently, and over
time, the overall metallicity fraction at each radius also
generally decreases. However, while the qualitative trends
remain the same, there are numerous quantitative variations in
the gradients between codes at the same redshift and within a
single code at different redshifts including in the positions and
ages of the youngest stars and the metallicities observed at each
radius. Studying these differences across simulations and codes,
and comparing these to observations, is a powerful way for us to
better constrain galaxy formation models.

Author(s): Jennifer Mead, Ariyeh Maller,

Institution(s): Rutgers University, The State University of
New Jersey, New York City College of Technology, American
Museum of Natural History

145.06 - Redefining the E+A Galaxy: A Spatially
Resolved Spectral Analysis & Synthesis of Nearby Post-
Starburst Systems in SDSS-IV MaNGA (MPL-5)(Olivia
A Greene)

Using data from the Mapping Nearby Galaxies at Apache Point
Observatory (MaNGA) Survey (MaNGA Product Launch-5), in
the Sloan Digital Sky Survey (SDSS-IV), we identified 29 post-
starburst (E+A) systems, all of which lie within the Green
Valley. We identify E+A candidates by single fiber spectra, u-r
color, and spatially resolved spectral line-indices, but our work
also examines the spectra in each spaxel to determine how well
the E+A classification holds throughout the galaxy. We found
that our sample of E+As exhibit post-starburst properties
across the entire galaxy, not just in the single-fiber region. Our
sample has a wide range of morphologies, including barred
spirals, reinforcing the view that E+A morphology is not
confined to ellipticals. Our sample will be a tested to examine

star formation history and quenching properties in E+A
galaxies, and investigate their role in galaxy evolution as a
whole.

Author(s): Olivia A Greene, Mariarosa Marinelli, Kelly
Holley-Bockelmann, Miguel R Anderson, Charles T Liu,
Institution(s): Vanderbilt University, American Museum of
Natural History, Fisk University, City University of New York,
Staten Island, Bloomberg LP, Virginia Commonwealth
University

145.07 - Reduction and Analysis of GMOS
Spectroscopy for Herschel Sources in
CANDELS(Isabella Cox)

I present a spectroscopic survey of galaxies in the COSMOS and
UDS fields detected using the Gemini Multi-Object
Spectrograph (GMOS). The survey was designed to target
Herschel-detected galaxies with a photometric redshift between
0.7 and 1.4. Currently, there is no standardized pipeline for
reducing GMOS data, which is nuanced because of the "nod and
shuffle" technique used to pass charge in order to observe the
sky and target quasi-simultaneously. I have developed a method
using IRAF to reduce the spectroscopy and extract one-
dimensional spectra to measure redshifts. Measured
spectroscopic redshifts were found to be in good agreement
with pre-existing photometric redshifts. This confirmation
validates the reduction process. Further analysis on the
spectroscopy, including emission line flux measurements,
provides more information on the properties of the selected
sources. Building on the base of this work will add to the
completeness of knowledge about galaxy properties and
environments in COSMOS and UDS.

Author(s): Isabella Cox, Jeyhan Kartaltepe, Stephanie
Juneau, Janine Pforr, Mark Dickinson

Institution(s): Rochester Institute of Technology, NOAO,
European Space Agency

145.08 - Probing the Evolution of Galaxies by Stacking
Stellar Mass

Selected Samples(Marcell Howard)

The properties of gas and dust in galaxies' interstellar mediaare
a valuable tool for understanding their cosmic
evolution.Unfortunately, for many ISM tracers the signal that is
detectedfrom any individual galaxy tends to be very faint (i.e.,
theratio of signal to noise [S/N] is low). By using stacking,
atechnique in which one averages the flux densities at the
positions(and in some cases redshifts) of sources in a large
sample, wecan boost S/N and achieve an overall statistical
detection. Insupport of the forthcoming LADUMA (Looking At
the DistantUniverse with the MeerKAT Array) survey of neutral
atomichydrogen (HI) in galaxies out to z = 1.4, we have
characterizeda stacking sample of 2248 galaxies with
spectroscopic redshiftsz < 1.4 in the MUSYC (Multi-wavelength
Survey by Yale-Chile)survey of the well-studied ECDFS



(Extended Chandra Deep FieldSouth). We have used the
"Prospector" Markov Chain Monte Carlo(MCMC)
implementation of the Flexible Stellar Population
Synthesiscode to find the maximum posterior probabilities for
stellar mass,metallicity, dust attenuation, stellar age, and
exponential starformation timescale. As a first test, we have
stacked stellarmass-selected samples in maps made by BLAST
(the Balloon-borneLarge-Area Sub-millimeter Telescope) at
250, 350, and 500 microns.Looking ahead to the start of
LADUMA observations, we will usestacking samples that are
defined by their stellar mass, redshift,and possibly dust
attenuation and stellar age to probe theevolution of galaxies' HI
content across cosmic time. This project has been supported by
funding from National ScienceFoundation grant PHY-1560077.
Author(s): Marcell Howard, Andrew J. Baker, John F Wu
Institution(s): Case Western Reserve University, Rutgers
University

145.09 - Imaging and Analysis of Hickson Compact
Groups(Diego Lopez Gutierrez)

Hickson Compact Groups (HCG) are groups of 4-8 galaxies that
are relatively isolated from their environment and that act as
unique laboratories for studies of galaxy interaction. HCGs
show a range of HI deficiencies, suggesting a possible link
between HI content and evolutionary state. Verdes-Montenegro
et al. (2001) theorized an evolutionary sequence in which these
groups lose their HI gas by means of ionization, interactions, or
other mechanisms. In order to explore these scenarios, we
present HI images of HCG 16, 22, 56 and 61 using archival data
from the Very Large Array. We examine the HI morphology and
dynamics at a variety of angular resolutions, and compare our
results to optical imaging of each compact group.

Author(s): John M. Cannon, Michael Jones, Ancor Damas-
Segovia, Sanchayeeta Borthakur, Diego Lopez Gutierrez,
Lourdes Verdes-Montenegro

Institution(s): Macalester College, Arizona State University,
Instituto de AstrofA-sica de AndalucA-a

145.10 - Probing Galaxy Environment to z=2 in the
SERVS/DeepDrill Fields(Nicholas Krefting)

We need deep and wide surveys to probe the assembly of
galaxies through cosmic time across a full range of galaxy
environments. The SERVS/DeepDrill survey, complemented by
HerMES, VIDEO, and HSC, provides unprecedented uniform
coverage with ~15 bands from u-band through the mid- and far-
IR. The data are wide enough to sample a cosmic volume of
roughly 1 Gpc” 3, yet deep enough to study galaxies below M* at
cosmic noon. I present results determining 2D density maps
from z~0-2. We use a simulated lightcone to translate observed
overdensities into likely halo masses, and to test the reliability
of recovered overdensities given redshift uncertainties. We
reliably recover known X-ray selected clusters in the field. We
demonstrate that statistical studies using these density maps

allow us to probe the density field significantly below the cluster
scale.

Author(s): Nicholas Krefting

Institution(s): Tufts University

145.11 - Galaxy Pairs in SDSS-IV MaNGA: Duty Cycles
of Active Galactic Nuclei and Radial Profiles of Star-
Formation Rate(Joshua L Steffen)

We use the MaNGA integral field unit (IFU) survey to
investigate how tidal interactions between galaxies influence
super-massive black hole (SMBH) accretion and star formation.
The SDSS photometric catalog is used to identify pair
candidates in each MaNGA field, and IFU spectra are used to
confirm kinematic pairs. We identify ~300 kinematic pairs out
of the 4688 galaxy datacubes in the MaNGA DR15 sample,
more than doubling the pair sample from DR14 (Fu, Steffen, et
al. 2018). We simultaneously fit models of stellar populations
and emission lines to each IFU spectrum and use the extracted
parameters to measure rates of SMBH accretion and star
formation. Among pairs with separations below 30 kpc, we find
an excess of binary/dual active galactic nuclei (AGN) over
random pairing and stochastic feeding, although the overall
AGN duty cycle in pairs is consistent with that of isolated
galaxies. A radial profile of star-formation rate is built for each
galaxy in a pair and is compared with those of mass-matched
control galaxies to look for evidence of enhanced central star-
formation in mergers. In future works on our MaNGA pair
sample, we will explore (1) the impact of merger-induced
shocks, and (2) the radial profiles of gas metallicity.
Author(s): Dylan Paré, Arran Gross, Joshua L Steffen, Hai Fu
Institution(s): University of Iowa

145.12 - Measuring the Geometry and Extent of Large-
Scale Winds around z~1 Mg II Selected Galaxies using
Infrared Imaging from the Hubble Space
Telescope(Samantha Creech)

Simulations of disky galaxies predict that gas from the
intergalactic medium should be primarily accreted along the
plane of the galactic disk, while outflowing winds form
approximately cone-shaped structures centered about the
rotation axis of the galaxy. It is predicted that, in the early
universe, higher star formation rates should drive galactic
winds to greater distances than in the modern universe. Our
study pairs quasar spectra from the Sloan Digital Sky Survey
and follow-up near-infrared data from the Hubble Space
Telescope to measure the extent and shape of large-scale winds
around 160 galaxies between redshift 0.65 and 1.6. We have
investigated the morphologies of these galaxies using Galfit,
and will be presenting our findings on the distribution of the
galaxies’ azimuthal angles with respect to the quasar. We
compare this distribution for galaxies that are and are not
matched with Mg II absorption features detected in the quasar
spectra. Although a small sample size limits our analysis, our



results support a bimodal distribution of gas around disky
galaxies and shows evidence of winds reaching distances as far
as 120 kpc from their host galaxies.

Author(s): Britt Lundgren, Nathan Kirse, Samantha Creech
Institution(s): University of North Carolina at Asheville, UNC
Wilmington

145.13 - Offset Hi+ Emission and Ram Pressure
Stripping in Satellite Galaxies(Makennah Bristow)

We present our efforts to observe evidence of the ram pressure
stripping of cold gas in satellite galaxies as they move through
the intracluster/group medium. We have been looking for a
statistical offset of Hi+ emission (representing the gas) and the
r-band light (representing the stars) of ~3,000 galaxies using
integral field data from the SDSSIV MaNGA survey. Using
Marvin, a Python package developed for interactively working
with MaNGA data cubes, we have mapped out the galaxies and
determined their Hi+/r-band offsets. We will present results on
the dependence of the Hi+ offset on the the properties of the
satellite galaxies, their alignment to and distance from the
cluster/group center and on the cluster/group mass.
Author(s): Makennah Bristow, David Wake

Institution(s): University of North Carolina at Asheville

145.14 - The Largest Sample of Extreme Emission-Line
Galaxies(Katherine Chworowsky)

The importance of low-mass, star-forming galaxies in the
process of galaxy formation cannot be understated. Recent
studies point to these objects as the leading candidates
responsible for the reionization of the Universe, they are the
building blocks of the larger galaxies in the present day and
they are perfect laboratories to study the effect of star-
formation feedback on galaxy evolution. The most efficient way
of selecting these galaxies is by identifying emission lines in
their spectra. Broadband selection of emission line galaxies
(ELGs) has recently emerged as a viable technique that
circumvents the short-comings of traditional selection
techniques such as narrow band imaging and spectroscopy. If
the line emission is strong enough, it can contribute
significantly to the broadband flux, allowing us to select ELGs
by their broadband colors. In this poster, we present the results
of a search for extreme ELGs in the low redshift Universe (z ~
0.3 - 0.7), over 5000 square degrees and down to two
magnitudes fainter than what has previously been done.
Author(s): Lucy Fortson, Hugh Dickinson, Katherine
Chworowsky, Claudia Scarlata, Vihang Mehta
Institution(s): University of Minnesota

145.15 - Galaxy Group Properties from Sunyaev-
Zel’dovich Measurements(YANSONG YUN)

The hot gaseous medium in galaxy clusters is easily detected
both from X-ray emission and the SZ effect. The SZ effect
weakens with halo mass as Y ~ M 5/3, so galaxy groups are
more challenging to detect. However, the signal is larger for the
nearest systems due to solid angle considerations, so we used
Planck SZ maps to search for detections by nearby galaxy
groups. We find that a fraction of individual groups are
detected, which gives us powerful constraints on the mass of the
hot gas. When combined with X-ray emission data, we obtain
an independent measure of the X-ray mass and the metallicity
of the gas.

Author(s): Joel N. Bregman, YANSONG YUN, Edmund
Hodges-Kluck

Institution(s): Peking University, Goddard Space Flight
Center, University of Michigan

145.16 - Evolution of Extended X-ray Emission in Dual
Active Galactic Nuclei(John Staunton)

We investigate the physical properties of the extended X-ray
emission in a sample of nearby dual Active Galactic Nuclei (dual
AGNs): Mrk 266, Mrk 463, NGC 6240 and Arp 220. We find
that the dual AGNs in an intermediate merger stage, Mrk 266
and Mrk 463, have shock heated gas, which is the result of
accelerating cold gas, with temperatures greater than 0.9 keV or
star forming regions with temperatures below 0.9 keV. Late
stage mergers show similar soft X-ray spectra, but have an
additional hard X-ray power law as a result of reflection and
scattering of AGN outflows on hot ions. We conclude that the
extended emission of dual AGNs varies with merger stage, with
intermediate stages characterized by heated gas emitting in the
soft X-ray regime, while late stage systems are characterized by
AGN outflows contributing to the hard X-ray regime. These
results are also consistent with the simple analytic model put
forward here, using results from magnetohydrodynamics and
radiative processes. Further analysis of larger dual AGN
samples could confirm this as the general process by which X-
rays are emitted in these events.

Author(s): Claudio Ricci, John Staunton, Ezequiel Treister
Institution(s): Columbia University, Universidad Diego
Portales, Pontifica Universidad CatA3lica

145.17 - Minor Mergers and Hidden Nuclei in
Luminous Infrared Galaxies(John S. Gallagher)

High angular resolution maps with mm/submm
interferometers reveal extreme central concentrations of
molecular gas in several galaxies with the properties of LIRGs.
We utilized WFC3 on the Hubble Space Telescope (Program
GO-14728) to study the optical/near-infrared structures of
examples of nearby galaxies with unusually dense central
molecular zones. The systems in our sample are early-type
systems, with unusual kiloparsec-scale dust features that are



mainly located along the minor axis. We hypothesize that these
systems are products of minor mergers and now are in late
post-merger, post-starburst evolutionary stages. The central
dust features evidently connect to and possibly feed bipolar
outflows containing substantial amounts of molecular mass. An
exploration of the recent evolution of these unusual galaxies
thus hinges on understanding the nature of gas flows into and
out of the nuclear regions, along with the properties of the
power source for this activity, AGN and starbursts. We prefer a
model where a substantial fraction of the mechanical power to
drive the gas flows originates in AGN, in which case these
galaxies represent a largely hidden growth phase of central star
clusters and their supermassive black holes.Support for
Program number HST-GO-14728 was provided by NASA
through a grant from the Space Telescope Science Institute,
which is operated by the Association of Universities for
Research in Astronomy, Incorporated, under NASA contract
NAS5-26555.

Author(s): John S. Gallagher, Tova Yoast-Hull, Lauren
Laufman, Kazushi Sakamoto, Aaron Evans, Sebastien Muller,
Susanne Aalto, Sabine Koenig, Youichi Ohyama
Institution(s): University of Wisconsin-Madison, Chalmers
University, Chalmers University, University of Virginia, CITA,
ASTAA, Onsala Space Observatory

145.18 - HI Content in MaNGA Galaxies(Emily
Harrington)

MaNGA (Mapping Nearby Galaxies at Apache Point
Observatory) is one of the projects under SDSS (Sloan Digital
Sky Survey) that aims to better understand galactic evolution.
MaNGA specializes in obtaining spatially resolved spectra of
galaxies via pluggable spectrographs that collect spectra at
different points along the face of a galaxy. Since 2014, MaNGA
was able to collect detailed accounts of the physics within over
10,000 galaxies including their internal kinematics, stellar
populations, and gas content. Even better, since the data are
spatially resolved, we can begin to understand how properties
like star formation depend on environment. In conjunction with
the Greenbank Telescope, a radio telescope, the MaNGA team is
able to follow up on MaNGA galaxies and gather new data on
neutral Hydrogen (HI) content in MaNGA galaxies. Since HI is
the fuel of stars and entire galaxies, it is imperative to
understand how its content is related to other galactic
functions. We cannot understand galactic evolution from
stellar, ionized gas alone. From here, we can work on
formulating a better idea on how galaxies evolve, form stars,
stop forming stars, and more

Author(s): Emily Harrington,

Institution(s): Bryn Mawr College, Haverford College
Contributing Team(s): Karen Masters

145.19 - The Detection of [0 11I]4363 and the Direct
Measurement of the Oxygen Abundance in a Lensed,
Dwarf Galaxy at z=2.59(Timothy Gburek)

The stellar mass - gas-phase metallicity relation (MZR), critical
to constraining models of star formation and feedback, has not
been well-measured below a stellar mass of 109 solar masses at
high redshift. This project will extend the MZR down to ~107
solar masses using strong-line calibrations and rest-optical
spectra - obtained with the MOSFIRE spectrograph on Keck I -
of >100 dwarf galaxies, lensed by 3 foreground clusters, at 1.5 <
z < 3.7. We will compare our estimates in this lower-end mass
range with predictions from analytical models and simulations
to better understand the processes controlling star formation
and feedback.We are also studying the accuracy of locally-
calibrated, strong-line metallicity indicators at high redshift.
Our sample contains a 107.8 solar mass, [O I11]4363 source at
z=2.59, with which we have calculated and compared a direct,
Te-based metallicity estimate (12+log(O/H) = 7.98 +/- 0.20)
with locally-calibrated strong-line estimates. We find that our
direct metallicity estimate is consistent with local calibrations
as well as with the positions of other low, intermediate, and
high-redshift galaxies along these strong-line - direct metallicity
relations. While the scatter is large in these relations, our
findings support that these strong-line methods are accurate at
high redshift. We also show that this galaxy lies roughly 1.5
sigma above a slight extrapolation of the low-mass end of the
Fundamental Metallicity Relation (FMR), though it is likely
consistent within this end’s large scatter. Deeper exposures of
our sample will lead to additional [O I1I]4363 detections or
limits that will better constrain this low-mass end of the FMR
and strong-line calibrations at high redshift.

Author(s): Anahita Alavi, Johan Richard, Timothy Gburek,
Najmeh Emami, Daniel Stark, William R. Freeman, Brian Siana
Institution(s): University of California - Riverside,
Université Lyon , Caltech/TPAC, University of Arizona

145.21 - The faint end of the Centaurus A satellite
luminosity function(Denija Crnojevic)

The Panoramic Imaging Survey of Centaurus and Sculptor
(PISCeS) is constructing a wide-field map of the resolved stellar
populations in the extended halos of these two nearby,
prominent galaxies. I will present new Magellan/Megacam
imaging of a ~3 deg2 area around CentaurusA (CenA), which
filled in much of our coverage to its south, leaving a nearly
complete halo map out to a projected radius of ~150 kpc and
allowing us to identify two new resolved dwarf galaxies. We
have additionally obtained deep Hubble Space Telescope (HST)
optical imaging of eleven out of the thirteen candidate dwarf
galaxies identified around CenA and presented in Crnojevic et
al. 2016: seven are confirmed to be satellites of CenA, while four
are found to be background galaxies. We derive accurate
distances, structural parameters, luminosities and photometric
metallicities for the seven candidates confirmed by our
HST/ACS imaging. We further study the stellar population
along the ~60 kpc long (in projection) stream associated with



Dws3, which likely had an initial brightness of MV ~ -15 and
shows evidence for a metallicity gradient along its length. Using
the total sample of eleven dwarf satellites discovered by the
PISCeS survey, as well as thirteen brighter previously known
satellites of CenA, I will present a revised galaxy luminosity
function for the CenA group down to a limiting magnitude of
MV ~ -8, which has a slope of -1.14+-0.17, comparable to that
seen in the Local Group and in other nearby groups of galaxies.
Author(s): Denija Crnojevic,

Institution(s): Texas Tech University, University of Tampa

145.22 - Galaxies and supermassive black holes in the
local universe: the Velocity Dispersion Function and
Black Hole Mass Function(Farhanul Hasan)

We study the distribution of velocity dispersions, If, and
supermassive black hole masses, MBH, for galaxies in the SDSS
at 0.03 4%ox z 4%o0x 0.1. We construct the velocity dispersion
function (VDF) and the Black Hole Mass Function (BHMF)
from a sample complete for all If, where galaxies with If
greater than the If-completeness limit of the SDSS
spectroscopic survey are included. We compare two different If
estimates; one based on SDSS spectroscopy (Ifspec) and
another on photometric estimates (Ifmod) and find that the
VDF measured from Ifspec rises gently with decreasing If,
while the VDF from Ifmod falls with If. The shape of our Ifspec
VDF is in close agreement with previous determinations for the
local universe; however, the Ifmod VDF doesn’t reproduce the
typically observed results from spectroscopy, implying that
rotational velocity may affect Ifspec measurements. In fact,
both late and early type galaxies have Ifspec > Ifmod,
suggesting that the rotational component of most galaxies
figure significantly into Ifspec measurements. Early-type
galaxies dominate the population of high If galaxies, while late-
type galaxies dominate the low If statistic. Very few galaxies are
observed to have If > 350 km sd"’1. The BHMF derived from
the VDF requires many more SMBHs with masses 6 4%ox
log(MBH/MAS™) 4%ox 8 than larger ones with
log(MBH/MAS™) > 9. Assuming an average radiative
efficiency, the mass density accreted by local SMBHs matches
that observed from high-redshift AGNs, implying that the same
phenomenon powers both types of objects and that mass
accretion is the primary mode of growing SMBHs.

Author(s): Farhanul Hasan, Alison Crocker

Institution(s): Reed College, New Mexico State University

145.23 - Dwarf Galaxy Mergers Trigger Extended
Starbursts(George Privon)

Mergers of massive galaxies are understood to funnel gas to the
nuclei and drive nuclear starbursts. The higher gas fractions
and shallower potential wells of dwarf galaxies may both affect
the ways in which mergers affect star formation in dwarf galaxy
interactions. Due to their low metallicities and high gas
fractions, dwarf galaxy interactions at low-redshift may also be

partial analogues to high redshift protogalaxies. We have
assembled the TiNy Titans (TNT) survey of low-redshift dwarf
galaxies to disentangle the effects of mergers and environment
on the evolution of these systems. We will present MUSE
integral field unit observations of an interacting dwarf pair from
TNT. Using these observations we will demonstrate that dwarf
interactions may trigger extended starbursts, as opposed to the
nuclear starbursts seen in more massive galaxies. Finally, we
will discuss the implications for dwarf galaxy evolution and for
our understanding of hierarchical assembly at high redshift.
Author(s): Sarah Pearson, K. E. Johnson, George Privon,
Nitya Kallivayalil, Mary Putman, Gurtina Besla, Sandra E Liss,
David Patton, Sabrina Stierwalt

Institution(s): University of Florida, Trent University,
California Institute of Technology, Flatiron Institute,
University of Arizona, University of Virginia, Columbia
University, Radford University

145.25 - Comparison of the HI Signal Extraction
Algorithms of SoFiA and ALFALFA(Bo Peng)

Driven by the unparalleled size of datasets expected from the
next generation HI surveys with ASKAP, MeerKAT and
APERTIF, SoFiA (Serra et al. 2015) has been developed as the
automated HI spectral signal extraction software to be deployed
in these future survey programs. Prior to exploiting the HI
catalogues of upcoming surveys for galaxy evolution and
cosmological studies, it is critical to understand the statistical
properties and robustness of catalogue derived by different HI
line identification and measurement algorithms. Here we
compare SoFiA against the match-filtering source detection
algorithm implemented in ALFALFA, the largest extragalactic
HI survey to date. Based on tests run on mock spectral cubes,
we present here a comparison of detection statistics such as
reliability and completeness, along with key parameters
including the HI mass and velocity width obtained through each
algorithm. We also describe a novel method used in
constructing mock cubes utilising actual HI spectral profiles
extracted from the ALFALFA grid data. This work has been
supported by a grant from the Brinson Foundation to M.P.
Haynes.

Author(s): Martha P Haynes, Bo Peng

Institution(s): Cornell Center for Astrophysics and Planetary
Science

145.26 - A Unified View of Angular Momentum and
Galaxy Formation(Aaron Romanowsky)

The observed sizes and rotation speeds of spiral galaxy disks
can be explained through a simple model where angular
momentum (AM) is conserved through the collapse of baryons
within dark matter halos that are spun up by tidal torques.
However, it is less clear how the spheroidal (bulge) components
of galaxies fit in with this picture. Here we present a new,
unified analysis of wide-field kinematics in galaxies across the



Hubble Sequence, from spiral to elliptical. We find the galaxies
to lie on a surface in the 3D space of mass, AM, and bulge
fraction that can be explained by disks and bulges following
separate but parallel mass-AM scaling relations. We also
discuss how the bulge properties may be shaped by mergers or
biased collapse.

Author(s): S. Michael Fall, Aaron Romanowsky
Institution(s): San Jose State University, Space Telescope
Science Institute

145.27 - SDSS-IV/MaNGA: A PCA-based approach to
Stellar Mass Estimation for IFS observations(Zachary
Pace)

We obtain estimates of resolved stellar mass for galaxies in the
SDSS-IV/MaNGA integral-field-spectroscopic survey, using a
principal component analysis (PCA) model trained on synthetic
star-formation histories. To examine the differing systematics
resulting from dynamical- and stellar-population-synthesis-
derived stellar mass estimates, we compare the stellar-mass
surface-densities we find to dynamical-mass surface-densities
from the DiskMass Survey (DMS). We show that by allowing for
a (approximately factor of 1.5) galaxy-wide, systematic
overestimate in the disk scale height on the part of DMS, it is
possible to obtain better agreement between the two sets of
measurements. We test two methods of aperture-correcting
galaxies with incomplete spatial sampling, in order to obtain
total stellar-masses; and we compare those total masses to
estimates from two previous photometric studies, finding our
estimates systematically larger by approximately 0.1 dex, on
average. We compare total masses found using IFU-integrated
spectra to the sum of spaxel-resolved masses, finding that
unequal measured attenuation across the face of a galaxy
correlates with a mass deficit for integrated spectra of up to 0.1
dex. Finally, we describe the near-future release of the resolved
stellar mass-to-light ratios and galaxy total masses as a SDSS-
IV/MaNGA Value-Added Catalog (VAC).

Author(s): Kyle Westfall, Médéric Boquien, Joel Brownstein,
David Wake, Matthew A Bershady, Yanmei Chen, Adam
Schaefer, Brett Andrews, Niv Drory, Kate Rowlands, Zachary
Pace, Christy Tremonti

Institution(s): University of Wisconsin - Madison, University
of California Observatories, Nanjing University, University of
Pittsburgh, Universidad de Antofagasta, University of Utah,
Johns Hopkins University, University of North Carolina
Asheville, University o

145.28 - Roles of Cosmic Rays & Magnetic Fields in
Galactic Disk & Halo Evolution(Daven Cocroft)

Magnetic fields and cosmic rays are decidely important aspects
of galactic disk and halo evolution, however, their precise roles
are not yet completely understood. While there are many
simulations studying galactic evolution, few have deeply
explored the exact impact of cosmic rays and magnetic fields in

the evolutionary process. The current goal of our research is to
learn more about how cosmic rays and magnetic fields
contribute to the evolutionary process by looking at how
magnetic fields grow and change in the circumgalactic medium
(CMG) under the influences of cosmic rays. Using a suite of
simulated, isolated disk galaxies, we investigated the role of
cosmic rays in magnetic field growth and galaxy evolution by
comparing different galactic models, each possessing slightly
varied cosmic ray and magnetic field properties. We will
present the role of cosmic ray transport on the geometry,
strength, and growth rate of magnetic fields in these simulated
galactic halos.

Author(s): Iryna Sotolongo Butsky, Daven Cocroft
Institution(s): University of Washington Contributing
Team(s): UW N-Body Shop

145.30 - Rapid Supermassive Black Hole Growth in
Merger-Free Host Galaxies(Jesse Carla Shanahan)

Understanding the relationship between supermassive black
holes and their host galaxies is integral to understanding their
co-evolution. While a correlation between black hole mass and
classical bulges has been observed that theoretically results
from galaxy mergers, we have identified a sample of nearby (z <
0.35) disc-dominated galaxies with luminous broad-line active
galactic nuclei (AGN). These galaxies' disk-dominated dynamics
strongly constrain their evolutionary histories to be free of
significant mergers since z ~ 2, yet they lie on the same co-
evolution relation as dispersion-supported galaxies. Utilizing
the Hubble Space Telescope’s Advanced Camera for Surveys, we
observed this sample in order to further explore the black hole-
galaxy relationship in a merger-free environment. We
accomplished this by acquiring accurate bulge-disk
decompositions for galaxies hosting unobscured AGNs across a
wide range of masses and luminosities. In contrast to the
known pathways for growing supermassive black holes, e.g.
galaxy mergers or violent secular processes, this suggests an
alternate secular pathway by which supermassive black holes
can grow to quasar-like luminosities: a significant departure
from the standard model of AGN evolution.

Author(s): Alison Coil, Brooke Simmons, Jesse Carla
Shanahan, Chris Lintott, Rebecca Smethurst,

Institution(s): Galaxy Zoo, Lancaster University, University
of California San Diego, University of Nottingham, University
of Oxford Contributing Team(s): MAGNUS Team, Galaxy Zoo
Team

145.31 - Seeing Red: Spectroscopy of Galactic Globular
Clusters from 6500 A... to 1 Aum(Joel Roediger)

The globular clusters that orbit the Milky Way are a treasure
trove, providing evidence on a wide range of topics of
astrophysical interest, from the scale of individual stars to the
entire Galaxy itself. The relative ease with which they can be
observed, the massive volume of published data on them, and



their very nature have also garnered the population of Galactic
globular clusters (GGCs) an exalted status in the field of stellar
population synthesis (SPS). This field seeks to interpret the
integrated light from extragalactic stellar systems in terms of
their underlying physical characteristics and relies on GGCs to
enable baseline calibrations of the models that connect data to
inference. Over the past decade, SPS analyses have begun to
target galaxies at red/optical wavelengths and found tantalizing
evidence that the stellar IMF varies systematically with galactic
properties, like mass and metallicity. These results motivate
the study of GGCs over an as-yet little explored wavelength
regime and in this talk I will describe our survey with the
Gemini Observatory to obtain integrated red/optical
spectroscopy of these objects. By combining our data with
published blue/optical spectroscopy for the same targets, we
are able to address pressing issues surrounding SPS, such as (i)
the limiting accuracy of model-inferred ages, chemical
abundances, and mass functions for old stellar populations; and
(ii) systematic biases between the analysis of blue versus red
spectroscopy. This talk will focus on the urgent need for these
data, highlight interesting empirical trends, and present
detailed examinations of our modelling for a few clusters.
Author(s): Ricardo Schiavon, Charlie Conroy, Joel Roediger,
Stephane Courteau

Institution(s): National Research Council Canada, Liverpool
John Moores University, Queen's University, Harvard-
Smithsonian Center for Astrophysics

145.32 - Galaxy Mergers On FIRE: Stellar Shell
Evolution in Post-Mergers(Angela Twum)

Galaxy shells are low surface brightness regions that appear as
concentric arcs of dense stellar particles within the stellar halo
of massive galaxies. Shells form as a result of galaxy mergers
and can be an indicator of how recently the merger took place.
To study how the structure and mass distribution within these
shell structures evolve, we utilize a suite of 24 high resolution
galaxy merger simulations. Our simulations employ the Second
Version of the "Feedback in Realistic Environments" (FIRE2-2)
model. In this preliminary work, we focus primarily on a
representative fiducial run of the merger suite, one designed to
maximize both duration and the impact of the encounter. We
visually identify a number of shell structures in both
configuration and phase space, and then trace the distribution
of star particles forward and backward in time to observe how
these shell structures evolve. In addition, we test the feasibility
of our analyses as a method that can be used by observers to
identify and study the brightness evolution of shells in the local
universe.

Author(s): Paul Torrey, Angela Twum, Jorge Moreno
Institution(s): Pomona College, University of Florida
Contributing Team(s): FIRE Collaboration

146 - Instrumentation: Ground Based or

Airborne Posters
146.01 - Demonstrating Predictive Wavefront Control
at Keck II(Eden McEwen)

The success of ground-based, high-contrast imaging
instruments depends on the degree to which adaptive optics
(AO) systems can mitigate atmospheric turbulence. Predictive
wavefront control (pWFC) can significantly improve contrast
ratios in comparison to traditional AO systems by
compensating for the time lag between wavefront measurement
and correction. Our three year project aims to demonstrate
PWEC on Keck IT’s recently integrated pyramid wavefront
sensor. Here, we discuss the set up and use of the Adaptive
Optics Simulation Engine (AOSE), a UC Berkeley server
environment which mirrors the processes of the Keck II
pyramid real time control computer. Both systems are
structured around Compute and Control for Adaptive Optics
(CACAO), a modular code package that makes use of data
streams and high speed computing. AOSE is built both to
support our current demonstration at Keck and the
development of WFC algorithms for the next generation of
extreme AQO systems.

Author(s): James Graham, Rebecca Jensen-Clem, Sylvain
Cetre, Eden McEwen, Peter Wizinowich, Dimitri Mawet
Institution(s): UC Berkeley, WMKeck Observatory,
California Institute of Technology

146.02 - Design and Performance of NEID Ultra-Stable
Environmental Control System(Emily Lubar)

NEID is an ultra-stable, optical spectrometer designed to
achieve Radial Velocity (RV) precision on the order of 10cm/s.
Achieving this level of measurement precision requires extreme
thermo-mechanical stability within the instrument which we
achieve by maintaining a vacuum on the order of microTorr as
well as sub-milliKelvin temperature stability. In this poster, we
will outline NEID’s Environmental Control System (ECS) and
Temperature Monitoring and Control (TMC) System, which
were both inherited and improved upon from that of the
Habitable-zone Planet Finder (HPF) infrared spectrograph. We
have achieved our target stability by demonstrating < 0.4mK
RMS temperature variability over the course of a 30 day
stability run in the lab. We expect our stability to improve at the
observatory as the WIYN instrument room is more stable than
our instrument development lab. NEID will be commissioned in
midwinter 2019 at Kitt Peak National Observatory on the 3.5m
WIYN Telescope. It will serve the exoplanet community as a
vital follow up asset for Earth-like planets targeted by the TESS
survey.

Author(s): Frederick Hearty, Lawrence Ramsey, Paul
Robertson, Joe Ninan, Sam Halverson, Gudmundur Kari
Stefansson, Jason T Wright, Christian Schwab, Shubham
Kanodia, Cullen Blake, Arpita Roy, Suvrath Mahadevan, Colin
Nitroy, Emily Lubar, Chad Bender, Sarah E. Logsdo
Institution(s): The Penn State University, University of
Arizona, University of California, Irvine, Massachusetts



Institute of Technology, University of Pennsylvania, California
Institute of Technology, NASA Goddard Space Flight Center,
Macquarie University Contri

146.03 - The Las Cumbres Observatory’s Network of
Robotic Echelle Spectrographs in 2019: Current status
and next steps(Daniel Rolf Harbeck)

Over the last two years, the Las Cumbres Observatory (LCOGT)
has deployed the Network of Robotic Echelle Spectrographs
(NRES), which consists of optical high-precision spectrographs
that are fed by 1-meter telescopes at four sites: In Chile (CTIO),
USA (McDonald Observatory), South Africa (SAAO), and Israel
(Wise Observatory). These spectrographs are identically
designed and built, and they cover a wavelength range from
390onm to 860nm at a resolution of ~45000. After ~1.5 years of
installation and commissioning efforts, fully robotic science
operations are now regularly underway with the NRES system.
Although significant telescope time is currently assigned in
support of NASA’s TESS mission, NRES is a valuable resource
for the entire astronomical community via open access through
the NSF / NOAO. In this report we describe the current
performance of the spectrographs for both radial velocity
measurement and stellar classification and also discuss
opportunities and plans for further improvement.

Author(s): Robert Siverd, Cary Smith, Daniel Rolf Harbeck,
Brook Taylor, Jon de Vera, Tim Brown, Jon Nation, Annie
Kirby, Steve Foale, Curtis McCully, Todd Henderson
Institution(s): Las Cumbres Observatory, Vanderbilt
University

146.04 - Characterizing Instrument Profiles of High-
Resolution Spectrographs with a Laser Frequency
Comb(David Phillips)

Continuing improvements in both instruments and analysis
techniques for determining stellar radial velocities are enabling
the search for exoplanets below the 1 m/s level. Amongst
improvements required to reach the 10 cm/s level, necessary for
detecting Earth-mass planets in the habitable zone of Sun-like
stars, is better characterization and control of spectrograph
variability beyond wavelength calibration. This includes the
spectrograph response function (or Instrument Profile) which
varies both as a function of wavelength across the spectrograph
and also as a function of time. I will present observations of the
instrument profile of the HARPS-N spectrograph using an
astro-comb, a laser frequency comb optimized for spectrograph
calibration. We observe Instrument Profiles with long,
asymmetric tails with substantial structure which affect the
centroids of calibration and stellar spectral lines, and thus the
observed radial velocity. Evidence for the temporal variability of
the line profile from the HARPS-N/TNG solar telescope will
also be presented. Techniques for mitigation of these issues to
enable improved spectrograph RV stability will be discussed.
Author(s): David Phillips

Institution(s): Smithsonian Astrophysical Observatory
Contributing Team(s): HARPS-N Collaboration

146.05 - Development of pETSI: prototype Exoplanet
Transmission Spectroscopy Imager(Taylor Plattner)

The prototype Exoplanet Transmission Spectroscopy Imager
(pETSI) is an optical multispectral camera used to demonstrate
a method capable of identifying and directly measuring
atmospheres of a large number of exoplanets orbiting bright
stars. Light from the telescope is collimated by a 200 mm focal
length commercial lens and dispersed by a prism. After
dispersion, the light passes through a multi-band filter which
transmits a number of well-defined bands that are focused by a
50 mm focal length commercial lens onto the detector. The
multi-band filter converts the continuous spectra of both target
and comparison stars into sets of discrete multi-color images.
Relative color changes in the resulting spectra over the course
of a transit will signify the presence of an exoplanet atmosphere
and can be used to further characterize the exoplanet
atmosphere. After additional prototyping and development,
ETSI will be used to conduct a campaign to observe hundreds of
targets from the Transiting Exoplanet Survey Satellite (TESS).
ETSI will observe these identified targets using relatively small
telescopes (1-2m-class), with the goal of determining which
targets are most valuable for follow-up by larger and more
precious resources such as the James Webb Space Telescope
(JWST) and large ground-based facilities.

Author(s): Luke Schmidt, Travis Prochaska, Mary Anne
Limbach, Sarah Hughes, Jennifer Marshall, Leonardo Barba,
Darren DePoy, Taylor Plattner,

Institution(s): University of Kansas, Royal Holloway,
University of London , Texas A&M University

146.06 - The Key Science Drivers for MICHI: a
thermal-infrared instrument for the TMT(Christopher
Packham)

With the imminent launch of the JWST, the field of thermal-
infrared (TIR) astronomy will enjoy a revolution. It is easy to
imagine that all areas of infrared (IR) astronomy will be greatly
advanced, but perhaps impossible to conceive of the new vistas
that will be opened. To allow both follow-up JWST observations
and a continuance of work started on the ground-based 8m’s,
we continue to plan the science cases and instrument design for
a TIR imager and spectrometer for early operation on the TMT.
We present the current status of our science cases and the
instrumentation plans, harnessing expertise across the TMT
partnership. This instrument will be proposed by the MICHI
team as a second-generation instrument in any upcoming calls
for proposals.

Author(s): Mark Chun, Jayne Birkbyo, Ian Crossfield,
Christopher Packham, Itsuki Sakon, Manoj Puravankara,
Christian Marois, Yoshiko Okamoto, Michael R. Meyer,
Masatoshi Imanishi, Hirokazu Kataza, Thayne Currie, Matthew



Richter, Kohei Ichikawa, Thomas Greathouse, G
Institution(s): MIT, oUniversity of Amsterdam, NAOJ,
NASA/AMES, SwRI, University of Lyon, Kavli, UTSA,
University of Hawaii, Kurume University, UC Davis,
University of Tokyo, Herzberg Institute of Astrophysics,
ISAS/JAXA, Tata, University of Michigan

146.07 - Modification, Characterization, and Re-
commissioning of KOSMOS at the Apache Point 3.5-
m(Debby Tran)

Our group at the University of Washington is currently working
to upgrade the optical spectroscopic capabilities of the
Astrophysical Research Consortium (ARC) 3.5-meter telescope
at Apache Point Observatory (APO) in New Mexico. The first
part of this project involves modifying the KOSMOS
spectrograph. The Kitt Peak National Observatory Ohio State
Multi-Object Spectrograph (KOSMOS) is a spectrograph
originally built for the Kitt Peak National Observatory (KPNO)
through a collaboration between Ohio State University (OSU)
and the National Optical Astronomy Observatory (NOAO). It is
now being modified and moved to the APO 3.5-m. KOSMOS is a
longslit instrument that improves efficiency and brings the
possibility for multi-object capabilities across 360-1000 nm.
Upgrades are being made that will provide slit viewing, as well
as possibilities for internal calibration. The multiple
configurations of slits, filters, and grisms make KOSMOS
versatile instrument for the wide range of science interests in
the ARC collaboration. In this poster, we present the current
status of modifications and characterization of KOSMOS.
Author(s): Myles Mckay, Kal Kadlec, Sarah Tuttle, Conor
Sayres, Debby Tran

Institution(s): University of Washington, Seattle

146.08 - The Redesign of the Guider Optics of 6.5-M
Magellan Telescopes(Kutay Nazli)

Many modern optical telescopes utilize a variety of guider
optics that allow the quality of the images to be monitored and
corrections to be made to overcome imperfections in real time.
This work focuses on the updated optical and mechanical
designs for the re-imager, Shack-Hartmann (SH) array and the
new atmospheric dispersion compensator (ADC) as a part of the
ongoing revision of the guider optics on the 6.5-m Magellan
Telescopes at Las Campanas Observatory in Chile. We have
redesigned the re-imager optics with less magnification (from
0.42 to 0.26) to compensate for the decreased pixel size (from
26 114m in 2x2 binned setup to 1146.5 m). We designed the SH
optics to match the optical length of the re-imager optics and to
ensure that small-scale errors in optical length will not be
miscategorized as defocus. The mechanical design for the tubes
that hold the guider optics were designed for simplicity as the
optics have been assembled in house. In this work, the
theoretical performance of the new optics are discussed. The
actual performance of the instruments will be thoroughly

discussed when the manufacturing is completed and when they
are installed on the 6.5-m Magellan Telescopes.

Author(s): Stephen A. Shectman, Kutay Nazli
Institution(s): Pomona College, Carnegie Observatories

146.09 - Optical Design for the ROSIE Integral Field
Unit on the Magellan IMACS(Rosalie Cushman
McGurk)

We are designing an image slicer integral field unit (IFU) to go
on the IMACS wide-field imaging spectrograph on the Magellan
Baade Telescope, the Reformatting Optically-Sensitive IMACS
Enhancement IFU, or ROSIE IFU. The 60"x49" field of view
will be pre-sliced into four 15"x49" subfields, and then each
subfield will be divided into 23 0.6"x49" slices. The four main
image slicers will produce four pseudo-slits spaced six
arcminutes apart across the IMACS f/2 camera field of view,
providing a wavelength coverage of 1800 Angstroms at a
spectral resolution of 2000. This IFU will enable the efficient
mapping of extended objects such as nebulae, galaxies, or
outflows, making it a powerful addition to IMACS.

Author(s): Chung-Pei Ma, Rosalie Cushman McGurk, Regina
Lee, Stephen A Shectman

Institution(s): Carnegie Observatories, Caltech, UC Berkeley

146.10 - Mounts and Alignments of Optics for the
ROSIE Integral Field Unit on the Magellan
IMACS(Regina Lee)

Integral field spectroscopy (IFS) delivers spatially resolved
spectroscopy over an entire galaxy or field of view more
efficiently than traversing a field of view using long slit
spectroscopy. This project focuses on designing an image slicer
integral field unit (IFU) to go on the Inamori-Magellan Areal
Camera and Spectrograph (IMACS) on the Magellan Baade
Telescope in order to utilize IFS. The instrument will be named
the Reformatting Optically-Sensitive IMACS Enhancement IFU,
or ROSIE IFU. The field will be divided into 92 slices by four
image slicers, and then those slices will be reformatted into four
spectrographic slits and input into IMACS. The project’s goal is
to create adjustable and accurate optic mounts for the fold
mirrors. The fold mirror mount model will have to isolate tilts
in the X and Y-axes as well as be easily constructible and
repeatable as there are many that will be made. A deflection and
strain analysis were done on the different models, and the best
performing prototype was used. The prototypes were made on
SolidWorks then milled out of aluminum. The most practical
design which fulfills these criteria includes two flaps to isolate
the X and Y-axis tilts and connects to a base that controls the
angle. There is also an endcap designed to hold the mirror in
place without need for epoxies and thermal analyses. The
design chosen has a universal mirror mount with an easily
changeable base, therefore making it easier to create many
multiples of these mounts at different angles. The mounts have
been fabricated to practice aligning the optics to properly direct



the light into the spectrographic slit.

Author(s): Regina Lee,

Institution(s): Carnegie Observatories, California Institute of
Technology Contributing Team(s): Regina Lee

146.11 - Exploration of the Calibration and
Development of the Spectral Extraction Procedure for
the Rapid IMAger - Spectrometer(Jillian Kunze)

The Rapid IMAger - Spectrometer (RIMAS) will study the
afterglow of gamma-ray bursts in the near-infrared. In order to
produce useful astronomical data, RIMAS must be calibrated to
establish what wavelength corresponds to each pixel on the
spectrometer’s H2RG detectors. In the first phase of this study,
several methods of determining the pixel number of spectral
peaks were developed in Python and compared to find which
produced the most accurate calibration curve. Three different
approaches were attempted using test spectra taken by RIMAS
of elements with known emission lines: finding the pixel
number of peaks in a one-dimensional line spectrum, fitting
two-dimensional Gaussians over the peaks and finding the pixel
number of their maxima, and finding the centers of mass of the
peaks at a certain intensity threshold, which was then varied.
Once the pixel numbers of peaks were found, a linear regression
with the known wavelengths of the spectral lines was performed
to produce a calibration curve. After a comparison of the r2
value and the maximum percent difference between library and
calibrated wavelengths produced by the different methods, the
best calibration curve was shown to be produced by finding
center of mass with an intensity threshold of 35%. The next
phase of this project is to establish the spectral extraction
pathway for RIMAS using Spextool. This requires the
construction of line and wavelength calibration files specific to
RIMAS, which will be incorporated into the existing Spextool
pathway. Using this package, observers will have a pipeline to
create calibration files and extract the spectrum of their target
object. The extraction of data from RIMAS that this enables will
be integral to researching distant gamma-ray bursts.
Author(s): Joseph Durbak, Jillian Kunze, Alexander Kutyrev,
Institution(s): University of Maryland, NASA GSFC

146.12 - Achieving 100mK: the Cyrogenic Systems of
TolTEC(Miranda Eiben)

TolTEC is a next generation millimeter camera for the Large
Millimeter Telescope (LMT). It utilizes Lumped Element
Kinetic Inductance Detectors (LEKIDs) operated at cryogenic
temperatures of approximately 100 mK. TolTEC has three
arrays of LEKIDs at wavelengths of 1.1 mm, 1.4 mm and 2.0
mm, each featuring a few thousand detectors. TolTEC's focal
planes and optics bench require a unique large-scale cryostat
with multiple nested temperature stages. To cool the system, we
rely on two cryogenic systems; an Auxiliary Pulse Tube Cooler
which extracts the heat at the 45K and 4K stages, and a Dilution
Refrigerator which extracts the heat at the 1K and 100 mK

stages. Here we describe the design, modeling and
characterization of each stage including both the thermal and
mechanical challenges of working with meter-scale cryostats.
We are currently transitioning from the design phase to
assembly and testing and expect TolTEC to be commissioned at
the LMT between Spring to Summer 2019.

Author(s): Miranda Eiben, Natalie DeNigris, Grant Wilson
Institution(s): University of Massachusetts, Amherst

146.13 - GBT Metrology: Laser Active Surface Scanning
Instrument ( L.A.S.S.I. )(Andrew Seymour)

The GBO has received NSF-MSIP funding to implement a laser
metrology system for measuring the surface of the GBT
precisely and quickly.The 2008 panels of the primary surface of
the GBT can be adjusted in real time to maintain its parabolic
shape. At present, the surface is measured using “out-of-focus”
holography, which takes ~30 min but remains valid for many
hours at night. During the day, however, thermal gradients in
the antenna backup structure can vary on timescales
approaching 1 hour, requiring calibration measurements at
least this often. This is extremely inefficient, and as a result,
observations at 3mm are rarely made during the day.Recent
advances in commercial technology have made it possible to
purchase a laser scanner, that if mounted near the GBT focus,
will produce a hundred million angle and range measurements
of the surface every few minutes. Any given measurement has a
range uncertainty ~2 mm, but the data can be averaged to
reduce the errors to tens of microns on the relevant angular
scales. Measured surface distortions can then be corrected
using the active surface.Measurement of the GBT surface in real
time will allow operation at the highest frequencies night or
day, doubling the available telescope time at 3mm wavelength,
and increasing the observing efficiency for all projects that
operate above 25 GHz.This project takes advantage of the GBT
active surface and large collecting area, which makes it the
largest telescope in the world operating at mm wavelengths.
Author(s): Felix Lockman, Andrew Seymour
Institution(s): Green Bank Observatory

146.14 - The Calibration and Performance of the GBT
at High Frequency(David Frayer)

We summarize the current performance and calibration of the
100-mdiameter Green Bank Telescope (GBT) at high-frequency.
We discuss theperformance of the current Zernike-gravity
model that hassignificantly improved the gain of the telescope
as a function ofelevation. New calibration results are presented
based onobservations taken within the 3mm atmospheric
window (70-115 GHz)using the W-band 68-92 GHz receiver and
the Argus 75-115 GHzfocal-plane-array. For typical conditions
scheduled on the telescope,the aperture efficiency derived by
measurements of 3mm calibratorscorrespond to an effective
average surface rms of 237 microns usingthe standard Ruze's
equation. We provide results for the apertureefficiency, beam



efficiency, and beam sizes as a function frequencymeasured
during normal operations from the recent observing seasons.
Author(s): David Frayer, Ronald Maddalena, Frank Ghigo
Institution(s): Green Bank Observatory

146.15 - Wideband Digital Sampling and Interference
Excision for the Green Bank Telescope(Ryan S Lynch)

The Green Bank Observatory is a leader in the development of
wide-band digital detectors that have enabled major discoveries
in the fields of pulsars, fast radio bursts, astrochemistry, and
star formation (to name but a few). These previous generation
systems have all sampled the signal of interest after substantial
analog conditioning, but advances in heterogeneous computing
solutions are now making it feasible to digitize very wide
bandwidths directly at radio frequencies or after a single down-
conversion, with both greater dynamic range and more
powerful on-board digital signal processing using machine
learning algorithms. This in turn allows for real-time detection
of astrophysical signals and excision of radio frequency
interference, resulting in higher quality science data products.
GBO is exploring implementing these new technologies in a
new, ultrawideband receiver for the Green Bank Telescope
covering ~0.7--4 GHz. The primary science driver for the
receiver is the direct detection of nanohertz frequency
gravitational waves via pulsar timing, and it will also have
applications in the wideband detection and study of radio
transients and regions rich in molecular lines. This project will
be the first step towards complete upgrades of the GBT's signal
path. Such an upgrade will be transformational, increasing the
maximum available instantaneous bandwidth by factors of 5--
20 at frequencies above 15 GHz and thus providing faster
observations of widely separated spectral lines, improving
spectral baseline stability and operational efficiency at all
frequencies, and incorporating real-time RFI excision into all
GBT observations.

Author(s): Jason Ray, Ryan S Lynch, Luke Hawkins, Randy
McCullough

Institution(s): Green Bank Observatory Contributing
Team(s): Green Bank Observatory

146.16 - Comparing field measurements with
specifications for prototype HERA feed.(Justin Stanley
Bracks)

Observations of the redshifted 21 cm line of atomic hydrogen
offer the potential of opening a new window into the epoch of
reionization (EoR). Reflectometry measurements made on a
prototype antenna feed at the Green Bank Observatory (GBO)
are compared to initial specifications set forth by the Hydrogen
Epoch of Reionization Array (HERA) collaboration. Our
analysis indicates a strong agreement between the field
measurement and simulated antenna models. Overall the
measurement tend to surpass the specifications.

Author(s): Justin Stanley Bracks, Jacqueline N Hewitt

Institution(s): California State University Northridge,
Massachusetts Institute of Technology

146.18 - The Argus+ Program: Next Generation
Mapping(Robert Lim)

Abstract: Argus+ is a high-fidelity 3mm atmospheric window
widefield mapping receiver. The plan is for the Green Bank
Observatory’s receiver to be general purpose to support the U.S.
scientific community. Argus+ will have an angular resolution of
6.5” - 8”, the high sensitivity enabled by a filled aperture, and a
wide field of view. This maps molecular clouds within hundreds
of square arc-minutes with a spatial dynamic range (map
area/pixel size) of 104 to 105. Based on the original 16-pixel
Argus receiver commissioned in 2016, Argus+ will allow
scientists to ask key science questions about star formation and
astrophysics. Argus demonstrates unique scalable array
technology that could be developed into Argus+’s 144-pixel
camera. This technology combined with GBT metrology
improvements commissioned in 2018 will increase the scientific
output in the 3mm window by 20x. The team tasked with
creating Argus+ will be the original Argus team and GBO staff
for combined decades of experience in designing, developing,
and operating instruments for the U.S. science community.The
AAS poster shall display the science of the instrument, how
systems engineering was implemented in the project, possible
designs, and broader impact within the U.S. community. Using
systems engineering and agile techniques, the requirements,
processes, and matrices were modeled for technical design and
development. The instrument provides an exploration of the
tools to develop model-based processes as the use of Unified
Modeling Language (UML) and Systems Modeling Language
(SysML) for organizational models providing an opportunity for
learning techniques for managing and defining technical
projects.

Author(s): Robert Lim,

Institution(s): University of Colorado - Boulder, Green Bank
Observatory

146.19 - Instrument Characterization for HIRAX, the
Hydrogen Intensity and Real-time Analysis
eXperiment(Emily Kuhn)

The Hydrogen Intensity and Real-time Analysis eXperiment
(HIRAX) is a 21 cm neutral hydrogen intensity mapping
experiment to be deployed in the Karoo Desert in South Africa.
It will consist of 1024 6m dishes, and will map much of the
southern sky over the course of four years. HIRAX will operate
at 400-800MHz, thereby exploring the redshift range 0.8 < z <
2.5 and allowing us to make new measurements of BAOs and in
turn constrain the Dark Energy equation of state parameters.
As with all 21cm science, galactic foregrounds contaminate our
band, and so meeting our science goals will require precise
characterization of our instrument. I will present two aspects of
our instrument characterization: noise temperature



measurements and drone beam mapping. I will discuss a novel
apparatus for determining antenna noise temperature in which
we use identical loads, one cryogenic and the other at room
temperature, to take a differential measurement (y-factor
measurement) to infer the noise of our system. Simulations
predict this set up will allow us to understand our noise
temperature to within 10%. The apparatus is currently being
built at Yale, and will be used to test current and future
generations of feeds. Additionally, I will describe the status of
drone calibration measurements, which will be critical to
understanding our beams and controlling potential systematic
errors. I will specifically touch on requirements to achieve
accurate beam calibration and methods for checking in flight
data sets for accuracy. I will also report initial data, and
describe future plans.

Author(s): Benjamin Saliwanchik, Laura Newburgh, Emily
Kuhn

Institution(s): Yale University Contributing Team(s): HIRAX
Collaboration

146.20 - Calibrating ZEUS-2 to Study Star Formation in
the Early Universe(Hannah Tidwell)

The Second-Generation redshift (z) and Early Universe
Spectrometer (ZEUS-2) is a submillimeter grating spectrometer
optimized to detect far-IR fine-structure lines in high redshift
galaxies. These far-IR fine-structure emerge from the
interstellar medium (ISM) and are good probes for the stellar
radiation field (and thus stellar age) and the gas density in these
galaxies, allowing us to study their physical conditions during
the epoch of maximum star formation density in the Universe.
We made laboratory observations of the rotational transitions
of CO J=7-6 and J=13-12 lines across the 400 I%4m and 200
fv4m arrays respectively in order to improve the grating
calibration (grating angle vs spectral dispersion along detector
pixels). So far, we have opened up for new science in the 200
fvam telluric window, and ZEUS-2 is undergoing further
calibrations and updates in preparation for observations in
2019 on APEX for the first time since the telescope’s 10 I¥4m
resurfacing.

Author(s): Christopher Rooney, Gordon Stacey, Hannah
Tidwell

Institution(s): Georgia Southern University, Cornell
University

146.21 - Latest Science and Status of Your Flying
Observatory - SOFIA(Kimberly Ennico)

The Stratospheric Observatory for Infrared Astronomy (SOFIA)
is a unique community-driven airborne observatory. It provides
regular access to the mid-infrared and far-infrared sky at
wavelengths impossible to observe from the ground or any
current space-based mission. Because half of the radiant energy
in the universe emerges at these wavelengths, SOFTA
investigates a diverse range of targets in the Solar System, in

the Milky Way, and in distant galaxies, and addresses NASA’s
astrophysics three Big Questions: How does the Universe work?
How did we get here? Are we alone? By design, SOFIA has
continued to mature its mission systems as part of a planned
spiral development approach, particularly with upgradable
instrumentation that opens up new science directions for the
Observatory. Just recently, a far-infrared photometer
polarimeter achieved first light and is delivering new insights
about the role of magnetic fields in star forming regions and in
other galaxies. A third generation mid/far-infrared
imager/spectrometer instrument is planned for commissioning
in 2019, which will enable studies of the mass and composition
of protoplanetary disks. In this next decade, deeper studies of
the infrared and submillimeter universe are enabled by the
James Webb Space Telescope (JWST, launch, March 2021), and
the Atacama Large Millimeter/submillimeter Array (ALMA,
operational since 2013). As exceptional as these facilities are,
coverage of the wavelengths where JWST ends and where
ALMA begins, the part of the spectrum most important to
understanding the physics of the interstellar medium, is
provided by SOFIA. Additionally, SOFIA has and continues to
enable long-term studies and follow-up work initiated by
Spitzer, Herschel, Hubble, Chandra, and several ground-based
submillimeter observatories. These are exciting times for
infrared and submillimeter astronomy. Here we summarize
recent SOFIA-enabled science results, its current instrument
suite performance, and developments in the science program
through the SOFIA Legacy Science Program and transfer of the
science archive to IRSA. https://www.sofia.usra.edu
Author(s): George Sarver, Jeanette Le, Eric Becklin, Eddie
Zavala, Harold Yorke, Kimberly Ennico, Alan Rhodes, Thomas
Roellig, William Reach, Pasquale Temi, Naseem Rangwala
Institution(s): NASA Ames Research Center, NASA
Armstrong Flight Research Center, SOFIA Science Center,
USRA

146.22 - Benchmarking simulations of the Compton
Spectrometer and Imager with calibrations(Clio
Sleator)

The Compton Spectrometer and Imager (COSI) is a balloon-
borne gamma-ray (0.2-5 MeV) telescope designed to study
astrophysical sources. COSI's main science goals are to measure
polarization from gamma-ray bursts and compact objects, map
the 511-keV positron annihilation line from the Galactic bulge
and plane, and image diffuse Galactic emission with nuclear
lines. COSI employs a compact Compton telescope design
utilizing 12 high-purity germanium double-sided strip detectors
and is inherently sensitive to polarization. In 2016, COSI was
launched from Wanaka, New Zealand and completed a
successful 46-day flight on NASA's new super-pressure balloon
platform. In order to perform imaging, spectral, and
polarization analysis of the sources observed during the 2016
flight, we must accurately simulate the detector response. To
achieve this goal, we have built a comprehensive mass model of
the instrument and developed a detailed detector effects engine
which applies the intrinsic detector performance to Monte



Carlo simulations. The simulated detector effects include
energy, position, and timing resolution, thresholds, dead strips,
dead time, and detector trigger conditions. After this step, the
simulations closely resemble the measurements, and the
standard analysis pipeline used for measurements can also be
applied to the simulations. In this presentation, we will describe
the detector effects engine and the benchmarking tests
performed with calibrations. We will also describe the
application of these benchmarked simulations to create COSI's
detector response, focusing on the spectral analysis pipeline.
Author(s): Clio Sleator, Carolyn Kierans, Alex Lowell, Steven
E Boggs, John Tomsick, Andreas Zoglauer

Institution(s): Space Sciences Lab, UC Berkeley, NASA
GSFC, University of California - San Diego

146.23 - A balloon payload for infrared stellar
astronomy.(Timothy Cook)

Many nearby Milky Way stars, especially those in the late stages
of low- and intermediate-mass evolution, are saturated in
modern survey instruments like 2MASS, WISE, or IRAC. Older
surveys, such as those from IRAS and DIRBE, are limited by
confusion near the Galactic plane. This leaves us in the
maddening position that the stars which appear to be the
easiest to observe are among the most poorly characterized and,
as a result, our understanding of the late stages of stellar
evolution is hampered by our inability to characterize the
brightest stars. Our lack of good photometry for potential
standard stars complicates the calibration of new infrared space
missions, such as JWST and WFIRST.We present the design of
a high altitude balloon payload intended to rectify this
situation. The payload uses a 0.6 m clear aperture off axis
Gregorian telescope designed for the PICTURE mission. The
telescope feeds a stack of dichroic beam splitters which pick off
individual bands to simultaneously record flux in 5 different
bands approximately corresponding to JHKL and M bands.
Because we are observing single IR bright stars, we record the
signal of a series of discrete diodes. This allows us to establish
the IR colors necessary to characterize the spectral energy
distributions of ~1000-3000K objects, particularly first-ascent
red giants and asymptotic giant branch stars, without the
unsupportable cost and complexityof five different focal plane
arrays.The design includes a visible aspect camera in the
dichroic stack to validate the instrument point spread function
(PSF) and pointing and to allow us to estimate the centroid of
the PSF relative diode position. We have also included an in-
flight calibration source to provide a stable traceable
calibration.

Author(s): Gregory C. Sloan, Timothy Cook, Kathleen
Kraemer, Jason Martel, Susanna C Finn

Institution(s): University of Massachusetts - Lowell, Boston
College, Space Telescope Science Institute, Baltimore, MD,
University of North Carolina, Chapel Hill

146.25 - GLUV: A balloon borne high cadence ultra
violet survey telescope(Ryan Gordon Ridden-Harper)

Transient astronomy is pushing towards shorter time domains
to uncover the nature of short transients. Few high cadence
telescopes operate at short near-ultraviolet wavelengths, due to
the atmospheric opacity at short wavelengths, which may lead
to key transient phenomena being overlooked. Key examples
are the early time shock interactions of SNIa, shock breakouts
of SNII and early ultraviolet emission from gravitational wave
counterparts. The GLUV instrument, under development at the
Australian National University, is a high altitude balloon based
ultraviolet survey telescope, designed with the purpose of
detecting short duration transits in the near-ultraviolet. We will
present the instrument design and expected rates of SNIa shock
interactions and gravitational wave counterparts.

Author(s): Brad Tucker, Ryan Gordon Ridden-Harper,
Shanae King, James Gilbert, Rob Sharp

Institution(s): Australian National University Contributing
Team(s): GLUV Collaboration

146.26 - CHARA Remote Operations and
Archiving(Jeremy Jones)

The CHARA Array is a six-telescope interferometer that
provides sub-milliarcsecond resolution in the optical and near-
infrared. The Array enables a variety of scientific studies,
including measuring stellar angular diameters, imaging stellar
shapes and surface features, mapping the orbits of close binary
companions, and resolving circumstellar environments. We
recently implemented a new remote observing system that
allows the Array to be operated from anywhere with an internet
connection. The new system has been used susccessfully for all
of the Array's beam combiners. In addition to allowing remote
observing, this system also allows those PIs who are not taking
their own observations to watch as their data are collected. In
addition to the remote observing system, we highlight the
progress we have made in our data archive, public database,
and remote data reduction system. These are all part of a larger
effort to provide open access to the CHARA Array to the
broader astronomical community.

Author(s): Christopher Farrington, Douglas Gies, Jeremy
Jones, Theo ten Brummelaar, Gail Schaefer

Institution(s): GSU/CHARA

146.27 - Key Science Mission for the Magdalena Ridge
Observatory Interferometer(Michelle J. Creech-
Eakman)

The Magdalena Ridge Observatory Interferometer (MROI) is an
ambitious project to deploy a 10-telescope optical/near-infrared
interferometer capable of imaging statistical samples of galactic
and extra-galactic objects with sub-milliarcsecond resolution
and sensitivities several magnitudes deeper than feasible today.
In 2018 first-light with the first telescope was achieved, and



having placed the order for the second telescope and associated
infrastructure, we are poised to realize the milestone of first-
fringes in 2020. Funding for the MROI facility is presently via
an agreement between the Air Force Research Lab (AFRL) and
the New Mexico Institute of Mining and Technology (NMT) to
demonstrate operational capabilities and risk reduction
experiments for studying geosynchronous objects with three
telescopes.In the early 2000's a key science mission was
developed in order to design and deploy the complete facility.
In the interim, tremendous progress has been made in
astrophysical observations, modeling of phenomena, and
theoretical studies in many of these arenas. We present the
major elements of our key science mission, grouped into three
broad categories: A) the environs of Active Galactic Nuclei, B)
star and planet formation, and C) fundamental stellar physical
phenomena in time-resolved studies, pulsation/rotation, mass-
loss and interactions between binary/hierarchical systems.
Additionally, science related to: D) solar system objects, and E)
human-made geosynchronous objects will be reviewed. Even in
the earliest stages of MROI's operations new science will be
possible with only two telescopes owing to our greater
sensitivity and reconfigurable array. As more telescopes are
deployed imaging will rapidly become feasible, at 4 telescopes,
and will surpass currently existing facilities when 7 telescopes
are operational. We anticipate making MROI available to the
astrophysical community once operational status is achieved
and encourage early inquiries into capabilities and ideas for
new observations with the facility.We wish to acknowledge our
funding through Cooperative Agreement (FA9453-15-2-0086)
between AFRL and NMT.

Author(s): David Buscher, Michelle J. Creech-Eakman, John
Young, Chris Haniff

Institution(s): New Mexico Instof Mining and Technology.,
University of Cambridge, Magdalena Ridge Observatory
Interferometer Contributing Team(s): MROI Team

146.28 - Making Fuzzy Clear: toward sub-
millimagnitude precision at the Thacher
Observatory.(Piper Stacey)

Attaining sustained sub-millimagnitude photometric precision
on small, altitude-azimuth (Alt-Az) telescopes presents a variety
of challenges. The changing parallactic angle of sources results
in a changing orientation of the telescope optics with respect to
the camera. This, in turn, can result in a flat field thatis a
function of camera orientation due to, for example, vignetting.
To address this issue we have furthered our work employing
both a near and far field flat to calibrate non-uniform
illumination of the CCD, and we present on-sky demonstrations
of the measured improvement in photometric accuracy and
precision. In addition, we have added the option of using two
different diffusers to the optical path of our system which
allows us to spread the light from targets over 1-2 orders of
magnitude more pixels than a focused image thereby reducing
the Poisson noise accordingly. We demonstrate the
performance of the diffusers with observations of bright stars
with transiting exoplanets.

Author(s): Piper Stacey, David Rowe, Colin Poole Kirkpatrick,
Jon Swift
Institution(s): The Thacher School, Plane Wave Instruments

147 - Large Efforts in Education & Public

Outreach Posters
147.01 - Messaging in Public Science Education and
Outreach(Douglas Arion)

Many outreach and education programs do a good job of
showing people celestial wonders, and wowing them with
information and the mind-boggling scale of the cosmos.
However, outreach and education should best be utilized to
motivate public participants to change or adopt behaviors and
attitudes as a result of the interaction. Doing so requires that
the outreach and education activity be based on messaging. In
the Mountains of Stars and Presidential Stargazing outreach
and education programs, conducted through a partnership
among Carthage College, the Appalachian Mountain Club,
Dartmouth College, Smith College, and Stony Brook University,
messaging has been an essential component, and has been built
into the training programs for student astronomy guides and
others involved in program delivery. In this effort, the goal is to
restructure participants attitudes and actions towards the
environment by using a 'cosmic perspective'. The program has
been successful in doing is - and in mentoring undergraduate
physics and astronomy students in science communication
skills. This presentation will summarize the messaging utilized
in the program, as well as the methods that are employed to
train those engaged in outreach. This work has been supported
in part by the National Science Foundation through grant
number 1625316, the Gordon and Betty Moore Foundation,
Toomey Foundation, and VWR Foundation.

Author(s): Douglas Arion

Institution(s): Carthage College

147.02 - Astronomy in Chile Educator Ambassadors
Program (ACEAP)(Timothy Spuck)

The Astronomy in Chile Educator Ambassadors Program
(ACEAP) is a collaboration between AUI, the National Radio
Astronomy Observatory, AURA, National Optical Astronomy
Observatory, and Gemini Observatory, and is supported by the
National Science Foundation (NSF 1439408 and 1723697). The
Program brings amateur astronomers, planetarium personnel,
and K-16 formal and informal astronomy educators to US
astronomy facilities in Chile. While at these facilities, ACEAP
Ambassadors receive extensive training about the instruments,
the science, data products, and communicating science,
technology, engineering, and mathematics (STEM) concepts.
When they return home, the Ambassadors share their
experiences and observatory resources with schools and
community groups across the US through a variety of outreach
activities. Through these outreach activities, on average, ACEAP
ambassadors reach approximately 400,000 people annually.
Author(s): Charles Blue, Timothy Spuck



Institution(s): Associated Universities Inc., NRAO

147.03 - Multicultural Milky Way: Ethnoastronomy
and Planetarium Shows for Under-served
Arizonans(Karen Knierman)

The astronomy outreach initiative, Multicultural Milky Way,
partners the School of Earth and Space Exploration (SESE) at
Arizona State University with under-served populations in
Arizona in learning about our Milky Way and other galaxies.
Arizona is home to many diverse populations with rich cultural
histories such as Maya, Navajo, and Apache. Linking astronomy
practiced by one’s indigenous culture to that of Western
astronomy may increase the interest in science. Through
multicultural planetarium shows and associated hands-on
activities, under-served students and families will learn how the
Milky Way is represented in different cultures and about the
science of galaxies. New planetarium shows using the Mesa
Community College Digital Planetarium and STARLAB portable
planetarium explore how the Milky Way is interpreted in
different cultures. STARLAB shows and associated new hands-
on activities have been featured during school visits, teacher
trainings, and Community Astronomy Nights around Arizona. A
website with resources including scripts and activities will be
presented. For authentic assessment, evaluation techniques and
procedures were developed.

Author(s): Karen Knierman

Institution(s): Arizona State University

147.04 - The West Virginia Science Public Outreach
Team(Ronald Maddalena)

The West Virginia Science Public Outreach Team (WV SPOT)
recruits and trains WV undergraduates and graduate students
in giving highly interactive presentations on current topics in
engineering, science, and technology to K-12 classrooms, as well
as museums and youth programs. Our Mission is to inspire an
appreciation of STEM and STEM careers in the youth of WV
through presentations that highlight the innovative research
that is occurring in the Mountain State, the Observatory, and
NASA. The college 'Ambassadors', recruited from any WV
college or university, receive training in how to use slides,
videos, and animations to relay the excitement of new
discoveries. Our team develops each module to make sure it
aligns with the state's science content standards The K-12
students increase their confidence with STEM topics while
being exposed to college STEM role models. Large portions of
the K-12 students come from rural, low-income communities
and represent potential first-generation college-goers.
Ambassadors also gain from their experiences -- they see
improvements in their science communication and public
speaking skills; they increase their science content knowledge
while also improving their resume and networking
opportunities. Since 2013, we have delivered nearly 600
presentations to over 200 schools and impacted the lives of

over 19,000 K-12 students The program was adapted from a
similarly named program that originated at Montana State
University, funded by that state's NASA Space Grant
Consortium. The WV SPOT program started as a partnership in
2013 between the Green Bank Observatory and NASA.
Currently, the program receives support from the Observatory,
NASA WV Space Grant Consortium, DOW Chemical Company,
West Virginia University Physics, and NSF-EPSCoR.
Additionally, STEM faculty with NSF or NASA grants are using
SPOT as part of their broader impact. States like Georgia are
interested in starting similar programs.

Author(s): Ronald Maddalena, Sophie Knudsen, Sue Ann
Heatherly, Kathryn Williamson

Institution(s): Green Bank Observatory, West Virginia
University

147.05 - A Journey to Mars: HPUniverse Day and Its
Impact on Young Minds and a Community(Kyle A
Corcoran)

Once every fall semester, the High Point University Department
of Physics hosts an astronomy-themed public outreach event
called HPUniverse Day. More than one hundred faculty and
students come together to expose local kids and their families to
space, science, and beyond through twenty different discovery
stations. Examples include hovercraft rides, water-bottle
rockets, virtual reality demonstrations, the fabric of spacetime,
and many other experiments. In order to keep the event from
feeling stagnant, we invoked a new cohesive theme this year
that took advantage of mainstream discussions about the
colonization of Mars and its recen