NASA's Hubble, Einstein and Sagan Fellowship programs have merged to form the NASA
Hubble Fellowship Program (NHFP), continuing NASA’s pursuit of excellence in space
science, through support of some of the field’s most creative and innovative recent PhD
scientists.
An important part of the NHFP is the annual Symposium, which provides current Hubble,
Einstein and Sagan Fellows the opportunity to join together to discuss results of their
research, to share results across all fields of NASA astrophysics, and to interact with the
scientific and administrative staff who manage the program.
The 2020 NHFP Symposium will be held as an all-virtual event September 21-25, 2020.
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Kate Alexander
Tidal disruption events: multi-messenger probes of outflows and accretion in
supermassive black holes
Supermassive black holes (SMBHs) reside in the centers of most galaxies, but the processes by which they
accrete material, launch jets, and shape the galaxies around them remain poorly understood. Occasionally, a
star wandering too close to a SMBH will be torn apart by tidal forces, briefly shining light on these questions
as the SMBH gobbles up stellar debris. These tidal disruption events (TDEs) provide a valuable opportunity to
test theories of SMBH accretion and to study the formation and growth of relativistic jets and outflows. I will
present recent radio and millimeter observations of TDEs that allow us to precisely localize the emission
(confirming its TDE origin), to determine the properties of outflowing material (energy, size, expansion
velocity), and to trace the ambient density profile around previously-dormant SMBHs on otherwise
unresolvable scales of ~0.1 - 10 pc. The increased TDE sample size now being realized by wide-field optical
and X-ray surveys, together with new information from multi-messenger facilities (including the first
astrophysical neutrino possibly associated with a TDE), will shed further light on the physical conditions
required for jet and outflow formation and particle acceleration. Within the next few years, I expect to
increase the sample of radio-detected TDEs to a truly statistical sample, via a newly approved Large Program
on the Very Large Array.

Notes:

Jaehan Bae
What creates spirals in protoplanetary disks? The role of thermodynamics in the
planetary interpretation
Spiral arms are one of the most common types of substructures revealed in recent high-resolution
observations of protoplanetary disks. They are often interpreted as an outcome of the gravitational
interaction between the disk and embedded planets. In this talk, I will discuss the importance of using
realistic thermodynamics in numerical simulations to fully capture planet-disk interactions. I will first show
that the cooling of the gas in the surface layers of protoplanetary disks can be limited, in contradiction to
what is typically assumed in protoplanetary disk models, due to infrequent collisions between hydrogen
molecules and dust grains. Taking this effect into account in numerical simulations, I will show that planets
can excite a family of additional spirals via buoyancy resonances, which can help explain some recent ALMA
observations.

Notes:

Emma Beasor
The evolution of red supergiants to supernova
The collapse of dying massive stars results in hugely energetic supernovae (SNe), depositing enriched
material into the interstellar medium and ultimately determining the evolution of the host galaxy. It is
therefore crucial that we understand how massive stars evolve and die, which in turn requires accurate
knowledge of the physical properties of stars just before they explode. The mass loss rates of red
supergiants (RSGs) govern their evolution towards supernova and dictate the appearance of the resulting
explosion. Particularly important in how stars appear in the run-up to core-collapse, and in how the
explosion will appear, is the amount of mass lost through stellar winds in the RSG phase that immediately
precedes SN. Specifically, there have been many recent claims in the literature that stars with masses
>17Msun must experience an extended period of enhanced mass-loss before SN in which the envelope is
entirely lost. To study how mass-loss rates change with evolution, we focus on measuring the mass-loss rates
of RSGs in a sample of clusters in the local Universe. The results indicate that there is little justification for
substantially increasing the mass loss rates during the RSG phase. In fact, I have shown that for the more
massive RSG the mass-loss rates used in evolutionary simulations must be *decreased* by up to a factor of
20. The results show that for most RSG progenitors quiescent mass-loss is not effective at removing a
significant amount of mass prior to core collapse, and hence there is no single star evolutionary pathway for
the formation of Type Ibc SNe.

Notes:

Jennifer Bergner
Phosphorus carriers in the Solar-type protostar B1-a
Phosphorus is a critical ingredient in terrestrial biochemistry, yet is rarely observed during the low-mass star
formation sequence, and so its chemistry in protosolar analogs is poorly understood. We recently detected
the phosphorus carriers PO and PN towards the low-mass protostar B1-a using the IRAM 30m telescope,
representing the second detection of P-bearing molecules in a solar-type star forming region. I will discuss
the inferred abundances and emission origin of PO and PN in this source, and implications for phosphorus
partitioning between the volatile and refractory phases. I will also introduce follow-up efforts for
characterizing PO and PN emission in other low-mass protostars. Together these observations are refining
our understanding of how a key prebiotic element is inherited in planetary system progenitors.

Notes:

Dillon Brout
It’s Dust! The Solution to Two Key Mysteries in Type Ia Supernova Cosmology
Precise cosmological distances have now been computed to roughly 1500 Type Ia Supernovae (SNeIa) over
the last 20 years since the discovery of cosmic acceleration. I will discuss recent work to develop a testable
model that I claim simultaneously, fully, and directly explains two of the key mysteries that have persisted in
our fundamental understanding of SNIa standardization: the intrinsic scatter of SNIa standardized
brightnesses and the apparent correlations between residual brightness with host galaxy properties.

Notes:

Andrew Chael
Imaging Black Hole Accretion Flows with Polarization
The Event Horizon Telescope (EHT) has produced the first image of the emission from the relativistic plasma on horizon
scales near the black hole in M87. M87's wide jet opening angle and large jet power suggest that its accretion flow is
likely magnetically arrested and that the jet is powered by the black hole spin; however, to understand the behavior of
the magnetic field at horizon scales we need polarimetric VLBI images. These images have the potential to to constrain
the strength and topology of the magnetic field around M87's black hole and distinguish between different accretion
states and electron distributions. However, simple interpretation of the field structure is complicated by the presence of
turbulence and Faraday rotation in the emitting region, which scrambles the polarization pattern. I will discuss how
polarized images from large-scale numerical simulations of the accretion flow and jet in M87 will be instrumental in
interpreting the soon-to-be released polarimetric maps of the near-horizon emission in M87's core from the EHT. I will
also discuss how upcoming EHT campaigns that will observe in multiple frequencies will better constrain the accretion
physics and plasma properties in M87 by directly resolving the spectral index and rotation measure maps in the jet
launching region.

Notes:

Hsin-Yu Chen
Systematic uncertainty of standard sirens from the viewing angle of neutron star mergers
The joint detection of gravitational-wave and electromagnetic-wave emissions from neutron star mergers
GW170817 allowed for the first standard-siren measurement of the Hubble constant. Future standard sirens
will potentially shed light on the tension between the local distance ladders and Planck experiments. Therefore,
thorough understanding of the sources of systematic uncertainty for the standard siren method is crucial. In
this talk, I will discuss a systematic uncertainty of the standard siren method introduced by the aspherical
electromagnetic emission of neutron star mergers. Depending on the observational strategies and the
understanding of the electromagnetic emissions, the systematics originated from the geometry of
electromagnetic emissions of neutron star mergers may be a major challenge before the standard sirens can
resolve the tension in Hubble constant.

Notes:

John Chisholm
Variability and Asteroseismology of Massive Stars
Massive stars underpin many astronomical observations and processes. Their high energy photons heat the
interstellar medium, establishing the dynamic multi-phase gaseous medium. Supernovae and stellar winds
remove gas from star-forming regions to regulate the star formation history of galaxies. Nuclear reactions
within the interiors of stars and supernovae forge nearly all of the heavy elements that are essential for life.
However, many of the important nuclear reaction rates and physical conditions within the cores of massive
stars have been inferred from observationally unconstrained models. Recently, the TESS telescope discovered
that the luminosity of massive stars varies stochastically. Stochastic variability may be the long-sought-after
signature of internal gravity waves in massive stars because the amplitudes of individual waves caused by core
convection are predicted to scale with the local core luminosity. Thus, the observed variability may lead to the
first determination of the core properties of massive stars using asteroseismology models. Here, I present a
new observational campaign to obtain time-series observations of one of these massive stars to disentangle
what drives the stellar variability and the impact of this variability on the observed stellar photospheric and
wind conditions. These time-series observations may establish the conditions within the cores of the most
massive stars and describe the synthesis of the metals heavier than helium.

Notes:

H. Thankful Cromartie
Shapiro Delay-Enabled Mass Measurements of Two Notable Millisecond Pulsars
Millisecond pulsar (MSP) timing — the process of accounting for every rotation of a rapidly spinning neutron
star over long time spans — is a powerful tool for probing realms of physics that are otherwise inaccessible to
Earth-based scientists. In this talk, I will discuss our use of relativistic Shapiro delay measurements to precisely
determine the mass of two unique MSPs. The first, J0740+6620, is one of the 70+ MSPs timed as part of the
North American Nanohertz Observatory for Gravitational Waves (NANOGrav) pulsar timing array. By combining
NANOGrav observations of this source with orbital phase-specific observations near conjunction using the
Green Bank Telescope (GBT), we measure the pulsar’s mass to be ~2.14 ± 0.09 solar masses. The measurement
of such a massive neutron star is a significant constraint on the poorly understood neutron star equation of
state (EoS). I will discuss a second targeted campaign using the GBT to measure the mass of J1231-1411, which
is a source of interest for the Neutron Star Interior Composition Explorer (NICER) X-ray telescope, as well as for
the Fermi Large Area Gamma-ray telescope. The joint analysis of radio and high-energy pulsar timing data is
powerful in our attempt to understand pulsar astrophysics and the neutron star EoS.

Notes:

Shany Danieli
Constraints on dark matter substructure using low mass galaxies outside the Local Group
Low mass galaxies provide an essential testing ground for theoretical predictions of cosmology. Their
number densities, structures, and internal dynamics can be extremely insightful for studying dark matter
on small scales. Recent advances in telescope instrumentation and detection techniques have opened a
new window into identifying and characterizing the population of such low surface brightness galaxies. I
will discuss the recently identified population of ultra-diffuse galaxies (UDGs) that holds the promise of
new constraints on low mass galaxies dynamics, as their spatial extent and often significant globular cluster
populations provide probes on spatial scales where dark matter should dominate the kinematics. I will also
discuss the dynamics of two UDGs that seems to lack most, if not all, of their dark matter. I will finish by
presenting our strategy for finding low surface brightness galaxies as part of the recently completed
Dragonfly Wide Field Survey, covering 330 sq. deg., in the GAMA and Stripe 82 fields.

Notes:

Anna-Christina Eilers
The Formation and Growth of Supermassive Black Holes at Early Cosmic Epochs
Observations of high-redshift quasars show that they host supermassive black holes (SMBHs) already less than
~1 Gyr after the Big Bang. It has been argued that in order to rapidly grow these SMBHs in such short amounts
of cosmic time, they need to accrete matter over timescales comparable to the age of the universe, and thus
the lifetime of quasars - the integrated time that galaxies shine as active quasars - is expected to be of order
~10^9 yr at z~6, even if they accrete continuously at the Eddington limit.
I will present a new method to obtain model-independent constraints on the lifetime of high-redshift quasars
with unprecedented precision, based on measurements of the sizes of ionized regions around quasars, known
as proximity zones. The sizes of these proximity zones are sensitive to the lifetime of the quasars, because the
intergalactic gas has a finite response time to the quasars’ radiation. Applying this method to quasar spectra at
z>6, we discover an unexpected population of very young quasars, indicating lifetimes of only ~10,000 years,
which poses significant challenges on current black hole formation models. I will show results from our on-going
multi-wavelength survey to detect and characterize young quasars and their environments. Furthermore, I will
discuss several modifications to the current SMBH formation paradigm that might explain our results, e.g.
super-critical mass accretion rates, massive initial black hole seeds in excess of stellar remnants, or highly
obscured quasar growth phases. In the end I will show how we aim to disentangle the various scenarios by
means of on-going and future IFU observations with MUSE and the James Webb Space Telescope, in order to
shed new light onto the formation and growth of the first SMBHs in the universe.

Notes:

Jose María Ezquiaga
The gravitational wave universe through the lens
The discovery of strong gravitational lensing of gravitational waves (GWs) would represent a major advance in
astronomy. Assessing the probability that two or more events are lensed images of the same source requires an
understanding of the properties of the lensed images. In this talk I will discuss under which circumstances
lensing phase shifts could distort the GW waveform so that it differs from the (unlensed) general relativity
prediction. I will quantify how relevant these distortions are for current GW detectors and outline an optimal
lensing search strategy. Time permitting, I will comment on GW lensing beyond general relativity.

Notes:

Ke Fang
Cross-correlating High-energy Neutrinos and Tracers of Large-Scale Structure
The origin of the bulk of the astrophysical neutrinos detected by the IceCube Observatory remains a mystery. It
becomes challenging to associate individual sources and neutrino events when the number of source candidates
is much larger than the number of the observed astrophysical neutrinos. We show that in this large source
number regime, a two-point cross-correlation analysis of neutrino data and source catalog can instead be used
to constrain potential source populations for the high-energy astrophysical neutrinos. We apply this method to
the IceCube 2010-2012 point-source data and a WISE-2MASS galaxy sample. While we find no significant
detection of cross-correlation with the publicly available neutrino dataset, we show that, when applied to the
full IceCube data, which has a longer observation time and higher astrophysical neutrino purity, our method has
sufficient statistical power to detect a cross-correlation signal if the neutrino sources trace the Large Scale
Structure of the Universe.

Notes:

Maya Fishbach
Astrophysical Lessons from LIGO/Virgo's Black Holes
LIGO/Virgo detected eleven systems of merging black holes and neutron stars in their first two observing runs,
with several additional events published from the third observing run so far. Studying the masses, spins and
redshifts of these sources reveal several exciting features, including gap(s) in the mass spectrum, a preference
for equal-mass pairings, and signs that the merger rate evolves with redshift. I will discuss these features, and
how recent "exceptional" events from LIGO/Virgo fit into the population. These population properties may
reveal how black holes are made, as well as providing insight into nuclear physics and cosmology.

Notes:

Peter Gao
Towards Understanding Clouds and Hazes in Exoplanet and Brown Dwarf Atmospheres
Clouds and hazes are common in planetary atmospheres within and beyond the Solar System, playing important
roles in atmospheric chemistry and radiative transfer. Their existence in exoplanet atmospheres have
complicated interpretations of observations, muddling our understanding of exoplanet composition and
evolution. In addition, clouds in brown dwarf atmospheres control their spectra, which give vital information on
their age and mass. In this talk, I will describe a cloud microphysics model that I have developed, and which has
been used to successfully explain the variations in the cloudiness of giant, close-in exoplanets ("hot Jupiters"). I
will then expand on this work by discussing the efforts I will lead as a Sagan Fellow in understanding the cloudy
atmospheres of young exoplanets and brown dwarfs in order to reveal planet formation processes.

Notes:

Ylva Götberg
Stars stripped in binaries: from cosmic reionization to gravitational waves
Most massive stars spend their lives in so close orbit with a companion star that severe mass exchange or
even coalescence is inevitable as the stars evolve and swell. A third of massive stars are thus stripped of their
fluffy, hydrogen-rich envelopes, leaving the compact helium core exposed. These stripped stars are so hot that
most of their radiation is emitted in the ionizing regime. Using evolutionary and spectral models of stripped
stars, I will show how they sometimes dominate the ionizing emission from full stellar populations and even
significantly contribute to cosmic reionization. With their hard ionizing spectra, stripped stars possibly leave
observable traces, for example in the nebular spectrum of distant galaxies.
Apart from being ionizing sources, stripped stars are also interesting to consider as gravitational wave
emitters. Creating a population model, we predict that several stripped stars orbiting compact objects will be
detectable by LISA.

Notes:

Max Gronke
Hitting rock bottom: The foundation of a converged model of galaxy formation
Results of cosmological simulations are commonly compared to observations, thus, shaping our
understanding of galaxy formation and evolution. However, these simulations are not converged in the cold
gas properties. This is highly worrying as this cold gas is the fuel for future star-formation, and it impacts many
other processes we wish to study using those simulations such as ionizing photon escape. In this talk, I want
to continue the journey I started during the symposium two years ago, climb further down the scale ladder,
and explore the question if we can ever obtain converged cosmological simulations. To do so, I will present
results from hydrodynamic simulations of a single turbulent mixing layer and analytic insights from the mature
field of turbulent combustion. They both suggest that the convergence criterion is muss less strict than
previously thought, and can explain a number of puzzling scaling relations discussed in the literature.

Notes:

Sebastiaan Haffert
Discovery and characterization of proto-planets with visible light integral-field spectroscopy
In the past few decades we have discovered thousands of exoplanets, from which we determined that that
exoplanets are in fact very common. To test planet formation theory, it is crucial to constrain the young
planet population right after they are born in proto-planetary disks. Young and embedded giant planets are
thought to undergo run-away accretion where a massive amount of gas is accreted from the circum-stellar
environment. During this process the accretion luminosity can become comparable to the total internal
luminosity of the planet. Visible-light High-Contrast Imaging (HCI) is a promising approach to detect and
characterize these young protoplanets, because it provides access to strong accretion tracers such as Hα. In
this talk I will present the development of the Visible Integral-field Spectrograph eXtreme (VIS-X), a highresolution spectrograph for the Magellan Adaptive Optics eXtreme (MagAO-X) system. With the combination
of VIS-X and MagAO-X we expect to be at least a factor of 10 to a 100 more sensitive to accreting protoplanets than any other visible light direct imaging instrument.

Notes:

Jane Huang
Observing Spiral Structures in Protoplanetary Disks
The advent of high-resolution imaging facilities has revealed that protoplanetary disks are richly structured,
leading to a shift in our understanding of where, when, and how planets form. While the oft-detected gaps
and rings appear to be explained well by planet-disk interactions, the origins of spiral structures remain highly
debated. Proposed mechanisms include planet-disk interactions, gravitational instabilities, stellar flybys, and
infall of material onto the disk. While early spiral observations were largely limited to transition disks around
(intermediate-mass) Herbig Ae stars, ALMA has enabled us to explore spiral structures in a wider range of
systems, particularly disks with (solar-mass) T Tauri hosts. I will present recent observations of disk spiral
structures and discuss the evidence for multiple modes of spiral formation mechanisms acting in disks.

Notes:

Maximiliano Isi
Inferring the recoil velocity from black hole mergers
Gravitational waves carry energy, angular momentum, and linear momentum. In generic binary black hole
mergers, the loss of linear momentum imparts a recoil velocity to the remnant black hole. This “kick” can reach
~ 5000 km/s, enough to eject a black hole from its host galaxy. I will discuss how we can extract information
about the kick from the gravitational wave signal, as detected by LIGO or Virgo. Kick measurements such as
these are astrophysically valuable, enabling independent constraints on the rate of second-generation mergers.
They will also be important for future tests of general relativity. I will show how this works with some simulated
data, as well as with actual LIGO-Virgo detections—including our recent constraint of the kick velocity for
GW190521, the most massive black hole merger yet.

Notes:

Luke Johns
Quantum neutrino transport in supernovae and neutron-star mergers
It remains an open question how neutrino oscillations affect the dynamics and observables of corecollapse supernovae and neutron-star mergers. Flavor evolution in these environments is nonlinear and
multi-scale, and the challenge is figuring out how to make it computable. I'll summarize recent
advances and offer my perspective on how further progress might be made. The stakes for multimessenger astronomy will be emphasized.

Notes:

David Jones
Understanding Cosmological Tensions with Type Ia Supernovae in the Local Universe
The next decade of supernova cosmology will increase the sample size of Type Ia supernovae (SNe Ia) by more
than two orders of magnitude, while putting new constraints on the Hubble constant, dark energy, and the
nearby growth rate of structure. These new data will introduce new challenges: how to determine SN types
without spectroscopic classifications, how to anchor the Hubble diagram with a low-z sample that can
compete with the calibration of the Vera Rubin Observatory (LSST) and WFIRST, and how to build an improved
SN Ia standardization model to reduce systematic uncertainties on cosmological parameters. I will discuss
previous and ongoing work to address these challenges, in particular by using the Young Supernova
Experiment: a new 1500 square-degree, three-day cadence survey on the Pan-STARRS telescopes. YSE is
leveraging the large field of view and mmag-level photometric calibration of the Pan-STARRS system to
discover thousands of new SN Ia and drastically improve constraints on cosmological parameters in the next
few years.

Notes:

Melodie Kao
Probing Substellar Magnetospheres with Statistical Studies of Brown Dwarf Quiescent
Radio Emission
Planetary magnetic fields influence atmospheric evaporation from space weather, yield insights into planet
interiors, and are essential for producing aurorae. The most direct way of measuring magnetic fields on
exoplanets and their brown dwarf cousins is by observing exo-aurorae at radio frequencies. However, a quasistable and non-auroral quiescent radio component accompanies all known examples of substellar exo-aurorae
and provides an alternative means for assessing the physics occurring in substellar magnetospheres. The
presence of incoherent nonthermal radio emission requires both a source of radiating electrons and magnetic
fields to accelerate these electrons. Thus, the absence of quiescent radio emission from a single object cannot
distinguish between a lack of strong magnetic fields or magnetospheric plasma. In contrast, examining the
occurrence rates of quiescent radio emission can potentially reveal how brown dwarf and ultracool dwarf radio
activity depends on various fundamental properties such as effective temperature, mass, and age. Here, we
present the first such statistical studies of quiescent radio emission from brown dwarfs and ultracool dwarfs and
discuss implications for substellar magnetospheric physics.

Notes:

Joshua Krissansen-Totton
Oxygen false positives on habitable zone planets around sun-like stars
Oxygen is a promising exoplanet biosignature due to the evolutionary advantage conferred by harnessing starlight
for photosynthesis, and the apparent low likelihood of producing and maintaining oxygen-rich atmospheres
without life. Hypothetical scenarios have been proposed for non-biological oxygen accumulation on planets
around late M-dwarfs, where the extended pre-main sequence may favor abiotic O2 accumulation. However, for
planets around F, G, and K-type stars, few plausible mechanisms for generating abiotic oxygen have been
suggested. The relative robustness of oxygen biosignatures around Sun-like stars has motivated the development
of next-generation telescopes capable of directly imaging habitable zone planets around F/G/K stars and searching
for oxygen biosignatures. Here, we use a coupled thermal-geochemical-climate model of terrestrial planet
evolution to illustrate three scenarios whereby significant abiotic oxygen can accumulate around sun-like stars.
For Earth-mass planets we find abiotic oxygen can accumulate to modern levels if (1) the CO2:H2O ratio of the
initial volatile inventory is high, (2) the initial water inventory exceeds ~70 Earth oceans, or (3) the initial water
inventory is very low (<0.3 Earth oceans). Fortunately, these three abiotic oxygen scenarios could be distinguished
from biological oxygen with observations of other atmospheric constituents or characterizing the planetary
surface. This highlights the need for broadly capable next-generation telescopes that are equipped to constrain
surface water inventories via time-resolved photometry and search for temporal biosignatures or disequilibrium
combination biosignatures to assess whether oxygen is biogenic.

Notes:

Aleksandra Kuznetsova
Becoming Protoplanetary: Disk Formation from the Top-Down
Planet forming disks are ubiquitous, naturally produced via the collapse of angular momentum bearing
protostellar clouds. While many observational efforts have focused on later stage dusty protoplanetary systems,
recent surveys of star forming regions have suggested that planet formation may be occurring much earlier.
Understanding the physics of the earlier embedded systems is then crucial for characterizing protoplanetary disks
and the conditions for planet formation. I will present results from a series of large scale numerical studies that
produce statistical distributions of protostellar properties. I will show how these properties, inherited from the
star forming environment, give rise to the initial conditions for disk formation and discuss what will be required to
construct realistic models of embedded objects.

Notes:

Hui Li
Bridging the Gap Between Galaxy and Star Formation with Star Clusters
Over the past decades, the discovery of a large number of young massive clusters (YMCs) in the local Universe and
giant clumps in high-z galaxies suggests that clustered star formation is the dominant star formation mode across
cosmic time. Mass and energy feedback from these enormous clusters is inevitably responsible for shaping their
host galaxies. In this talk, I will discuss the tight relationship between giant molecular clouds on small scales and
galaxies on large scales and provide the first attempts to bring star formation and galaxy formation community
together. On the one hand, the properties of YMCs and GMCs populations can be used to calibrate and help
improve the current cosmological simulations. On the other hand, galaxy formation simulations provide the perfect
initial conditions for the modeling GMCs in realistic environments. Finally, bringing together the collective wisdom
from both galaxy and star formation, I will highlight some of my recent works on solving the mystery of the origin of
globular cluster populations in the Universe.

Notes:

Ting Li
A "Broken" Stream Induced by Dark Matter Subhalo Perturbations?
Finding the lowest-mass dark matter subhalos is a clear way to differentiate between different dark matter
models. Perturbations to thin stellar streams is one of the few ways to detect low-mass (and thus star-free) dark
matter halos. Based on the radial velocity measurements from the Southern Stellar Stream Spectroscopic Survey
(S5) and the proper motion measurements from Gaia DR2, we discovered that two cold thin streams — ATLAS
and Aliqa Uma, which were previously thought to be unrelated — are in fact two components of a single system.
These streams appear to be spatially disconnected but have consistent kinematic properties and are in fact a
single "broken" stream. The ATLAS/Aliqa Uma stream is the most distant stream known to date that displays
severe variations on both the stream surface density and the stream track on the sky, which might be caused by
the flyby of dark matter subhalos.

Notes:

Renee Ludlam
The NICER view of the Ultra-compact X-ray binary 4U 1543-624
Ultra-compact X-ray binaries consist of a compact object that is typically accreting from a degenerate
companion star in a binary orbit of less than 80 minutes. These systems are strong gravitational wave
sources for future missions, such as LISA, that are sensitive in the sub-MHz regime. As a result, it is
important to understand the properties of these systems as we enter the era of multi-messenger
astronomy. The source underwent a period of enhanced accretion activity in August 2017 that was
captured with NICER, Swift, Integral, and ATCA observations. There is clear spectral evolution in the
thermal component as the intensity increases. Additionally, we observe a prominent oxygen feature at
~0.65 keV that responds to the changes in the continuum during outburst. The ATCA observations place an
upper limit on the radio flux of the source. Combined with the X-ray flux at the time of the radio
observations, we can place the source on the radio--X-ray “fundamental” plane of accretion activity. The
position on the Lr-Lx plane falls significantly below what is expected for black holes. This further supports
the common assumption that the compact object in 4U 1543-624 is a neutron star. Follow-up observations
of the source were obtained in April 2020 with NICER and NuSTAR while the source was in a hard spectral
state. This allows for full spectral modeling of the reflection spectrum from the low-energy oxygen
emission component to the Compton backscattering hump at the highest energies.

Notes:

Yao-Yuan Mao
The SAGA Survey: Building a Statistical Sample of Satellite Systems around
Milky Way-like Galaxies
I will present the Stage II results from the SAGA Survey (https://sagasurvey.org). The SAGA Survey is an ongoing
spectroscopic galaxy survey, aiming to characterize the Satellite Systems around 100 Galactic Analogs. To date,
we have collected more than 25,000 galaxy redshifts around 36 Milky Way analogs at 25−40 Mpc, and have
identified 127 satellites in these systems. We have more than quadrupled the sample size of our Stage I results,
creating a unique data set that places the Local Group in a wider context. For the first time, dozens of complete
satellite luminosity functions down to Mr = −12.3 of Milky Way analogs have been measured. We compare
SAGA satellite systems with the Milky Way and M31 satellite systems. The number and the luminosities of
MW/M31 satellites are consistent with SAGA results, while some differences appear in the radial distributions,
quenched fractions, and co-rotating signals. In particular, the majority of confirmed SAGA satellites are star
forming; the quenching fraction among SAGA systems is lower than that in the Local Group. We also compare
the SAGA luminosity functions and radial distributions with theoretical predictions based on Cold Dark Matter
simulations and an empirical galaxy−halo connection model, and find that the results are broadly in agreement.

Notes:

Ben Margalit
A Rosetta Stone for FRBs?
Fast radio bursts (FRBs) are an exciting and enigmatic phenomenon – despite ~O(100) published FRBs to date
and significant observational and theoretical progress in the field, the progenitors and physics responsible for
these bursts remain elusive. Recently, an FRB analog of Galactic origin was discovered (independently) by the
STARE2 and CHIME telescopes, shedding direct light on many of these questions. I will briefly discuss the
observational properties of this Galactic FRB and show that these properties are consistent with theoretical
predictions of (only) one proposed FRB model.

Notes:

David Martin
Understanding super-Earth formation by finding them around binaries
Super-Earths are the most common planets known, yet we are not sure if they form in situ or via migration
from afar? To shed light on this, we are searching for super-Earths in circumbinary orbits, where we expect
differences in formation mechanisms. I will demonstrate a new automated circumbinary transit detection
algorithm, the first to be sensitive to Earth-sized planets and multi-planet systems in Kepler light curves.
Through the discovery (or absence) of new small planets, we will create a comparative size distribution of
planets around one and two stars, and use this to better understand their formation.

Notes:

Charlotte Mason
What can Lyα emission from galaxies tell us about reionization?
The reionization of hydrogen in the Universe's first billion years was likely caused by photons from the first
galaxies. We will probably never observe these galaxies directly, but their properties can be inferred by
measuring the timeline and morphology of reionization. I will describe how we can use galaxies at our
current observational frontiers to measure the reionization process. In particular, Lyman alpha (Lyα) emission
can probe the intergalactic medium (IGM), but requires modelling physics from pc to Gpc scales. I will
describe how we can constrain reionization from spectroscopy of galaxies, focusing on z>6 Lyα emission, by
comparing observations to models and simulations using statistical inference methods. I will present
measurements which favour a late and relatively rapid reionization, and place these in the context of high
redshift galaxy formation, and I will describe how the lineshape of Lya can constrain detailed properties of
reionizing bubbles, ionizing sources, and the high redshift IGM.

Notes:

Anna McLeod
Integral field spectroscopy and serendipitous discoveries
Over the last decade, optical and near-infrared integral field units (IFUs) have become increasingly popular
across many research fields. Instruments such as MUSE or SINFONI on the VLT are consistently among the
most requested and oversubscribed, and most upcoming ground- and space-based facilities have IFUs as part
of their flagship instrument suites. Because of the simultaneous spectroscopic and photometric coverage
over fairly large fields of view, IFUs often allow performing analyses far removed from the original scientific
scope of the proposal, and sometimes even lead to serendipitous discoveries. I will present some of these
serendipitous discoveries and, beyond their individual significance, discuss their importance for future
endeavours.

Notes:

Sarah Millholland
Formation of Ultra-Short-Period Planets by Obliquity-Driven Tidal Runaway
Small, rocky planets have been found orbiting in extreme proximity to their host stars, sometimes down to only
~2 stellar radii. It is generally agreed that these ultra-short-period planets (USPs) cannot have formed in their
present-day orbits and must have migrated from larger separations, likely due to tidal dissipation. The primary
source of this dissipation has remained uncertain. Here I will show that planetary obliquity tides naturally
produce USPs through runaway migration of the innermost planet of some close-in, multi-planet systems.
Specifically, the end state of tidal dissipation (known as a “Cassini state”) is a planetary obliquity (axial tilt) that
is in general non-zero, sometimes significantly so. This is unlike the orbital eccentricity, which tidally
equilibrates at e=0. If a planet’s initial semi-major axis is small enough, inward tidal migration from the forced
non-zero obliquity leads to continued obliquity excitation and runaway orbital decay, which is stalled when the
forced obliquity reaches very high values (~85 deg) and becomes unstable. This mechanism is an example of
the surprising effects that planetary obliquities can have on the orbits and interiors of short-period exoplanets.

Notes:

Georgia Panopoulou
Counting the number of dust clouds that make up the polarized emission
acting as a foreground to the CMB
Characterizing the structure of the Galactic Interstellar Medium (ISM) in three dimensions is of high
importance for accurate modeling of dust emission as a foreground to the Cosmic Microwave Background
(CMB). At high Galactic latitude, where the total dust content is low, accurate maps of the 3D structure of
the ISM are lacking. We develop a method to quantify the complexity of the distribution of dust along the
line of sight with the use of HI line emission. The method relies on a Gaussian decomposition of the HI
spectra to disentangle the emission from overlapping components in velocity. We construct maps of the
number of HI clouds that make up polarized foreground signal at high latitude. I will discuss our findings and
their implications for modeling polarized Galactic dust emission as a CMB foreground.

Notes:

Benjamin Pope
All Downhill from Here: What Automatic Differentiation can Do for Exoplanet Science
In order to directly image exoplanets, it is necessary to have both very well calibrated optical systems to
suppress starlight (for example interferometers or coronagraphs), and equally sophisticated data analysis
software to tease tiny planetary signals out of noise. The main limitation is optical aberrations, whether the
distortion of telescope optics or the turbulence of the atmosphere, which produce speckles that can be
difficult to distinguish from real planets. The technology underlying deep learning - automatic differentiation
or 'autodiff' - offers a solution to both hardware and software design. Autodiff allows us to take derivatives by
the chain rule of arbitrary numerical simulations, which can be used to optimize optical designs directly with
respect to objective functions like astrometric precision or light suppression, or to understand how noise
propagates and construct linear self-calibrations like generalized closure phases. By rewriting the popular
optical simulation package 'poppy' to do derivatives, we present 'morphine', a powerful new open source tool
for astronomical optics and data analysis.

Notes:

Emiel Por
Simultaneous wavefront sensing and coronagraphy with the phase-apodized-pupil Lyot
coronagraph
The next generation of high-contrast imaging instruments on space-based observatories require sophisticated
wavefront sensing and control on top of a high-performance coronagraph. We provide a first laboratory
demonstration of the phase-apodized-pupil Lyot coronagraph (PAPLC). We show that a single deformable mirror
(DM) can serve as the phase-apodizer in monochromatic light. Additionally, we present the integration of a
phase-retrieval wavefront sensor to measure high-order wavefront errors simultaneously with coronagraphic
images.We installed both a reflective and non-reflective knife-edge in the focal plane of the Très Haute
Dynamique 2 (THD2) testbed at the Observatoire de Paris. We used electric field conjugation using pairwise DM
diversity to dig the dark zone. The light reflected off the focal-plane mask is reimaged with a slight defocus onto
the phase-retrieval camera. The wavefront is reconstructed from this image using weighted least squares using
an empirical interaction matrix.We demonstrate a mean raw contrast of $1.9times10^{-8}$ in monochromatic
light, and $6.7times10^{-8}$ in $7.5%$ broadband light, with a dark zone between $2lambda/D$ and
$9lambda/D$ for a coronagraph with an inner working angle of $1.2lambda/D$. Furthermore, we
demonstrated open-loop reconstruction of the wavefront with an integrated phase-retrieval wavefront sensor.
The reconstruction error was of $30si{pm}$ per mode for the first 32 Zernike modes for small wavefront
aberrations, primarily limited by the photon flux on the wavefront sensor camera.

Notes:

Ryan Sanders
Galaxy metallicities and the baryon cycle over the past 12 billion years
Galaxy gas-phase metallicity scaling relations, such as the mass-metallicity relation and the fundamental
metallicity relation (mass-SFR-metallicity), encode information about the baryonic processes that govern the
smooth growth of galaxies over time, including accretion, star formation, feedback, and outflows.
Characterizing the evolution of these scaling relations presents an avenue to understand how galaxies grow
at different epochs in cosmic history. I will discuss best practices for measuring gas-phase metallicities at
high redshifts and the latest constraints on direct metallicity calibrations at z~2. I will present new
measurements of the mass-metallicity relation at z=2.3 and z=3.3, and use these measurements to test the
redshift invariance of the fundamental metallicity relation out to z=3.3. I interpret these results using
analytic chemical evolution models, placing constraints on the metal and mass loading of galactic outflows
and identifying the relative importance of dilution from gas accretion and metal removal by outflows in
setting the slope and evolution of the mass-metallicity relation. I will examine future observational
prospects to improve the connection between gas flows and the metal and gas content of galaxies, and to
extend gas-phase abundance studies into the epoch of reionization with JWST.

Notes:

Anna Schauer
The environmental dependence of first star formation
The first stars formed early in the Universe, out of reach of present-day and upcoming telescopes. With large
hydrodynamical, cosmological simulations, I study the birth environment of these Population III stars. Large-scale
relative velocities between gas and dark matter that were imprinted into the Universe at recombination, lead to
a change in halo structure. Lyman-Werner radiation leads to the destruction of molecular hydrogen, the main
coolant at these early times, and therefore to a delay in star formation activity. I will show how Pop III star
formation is affected by a combination of these effects. I will conclude my talk by presenting the properties of an
"ultimately large telescope" that will be able to observe the first stars.

Notes:

Katelin Schutz
Making dark matter out of light
Dark matter could be a “thermal-ish" relic of a process called freeze-in, where the dark matter is produced by
extremely rare processes in the Standard Model thermal plasma of the early Universe. I will discuss how subMeV dark matter can be made this way, accounting for a dominant channel where the dark matter gets
primarily produced by the decay of plasmons (photons that pick up an effective in-medium plasma mass). I will
also explain how the resulting non-thermal dark matter velocity distribution can impact astrophysical and
cosmological observables, including the CMB, the Lyman-alpha forest, the cosmological 21 cm signal, quasar
lensing, dwarf galaxies, and stellar streams.

Notes:

Kamber Schwarz
Observational Constraints on Envelope Ionization in Young Protostars
There is growing observational evidence that giant planet formation happens early, within a million years of
the coalescence of the protoplanetary disk. Ionization rate is one of the most important parameters
controlling both the chemical and dynamical processes in these disks. However, what few observational
constrains on ionization currently exist suggest overall low ionization, limiting the processes able to take
place. This is seemingly in conflict with chemical models which demonstrate the importance of ionization for
the chemical processing of volatile carbon and observations which suggest such processing is ubiquitous and
happens quickly. I will present new NOEMA observations which, when combined with chemical modeling,
are indicative of enhanced ionization rates in the envelopes of three young protostars. I will then discuss the
potential impact of this early enhancement on the chemical composition of the material available to forming
planets.

Notes:

Vadim Semenov
Cosmic ray feedback with diffusion suppression in star-forming regions
Cosmic rays (CRs) are widely regarded as a promising mediator of stellar feedback in galaxies as they constitute a
significant fraction of the galactic energy budget and have long cooling times. Although the effect of CR
feedback strongly depends on the deeply uncertain mechanism of CR propagation in the ISM, galaxy formation
simulations provide a useful tool to bracket possible effects of various models. For example, recent theoretical
studies of CR escape from their acceleration sites and gamma-ray observations of nearby supernova remnants
indicate that CR diffusion can be strongly suppressed near the sources compared to the galactic-averaged value.
I will present the results from a suite of galaxy simulations where we explore the effect of such local suppression
of CR diffusion in star-forming regions. We find that local suppression of CR diffusion leads to qualitative
changes in the ISM structure by stabilizing the galactic disk and suppressing formation of dense star-forming
clumps. The effect becomes especially strong in gas-rich galaxies where CRs can prevent gravitational
fragmentation of the gaseous disk. This local effect of CRs complements their global effect on galactic winds and
circumgalactic medium that is discussed in the existing literature.

Notes:

Irene Shivaei
Which attenuation curve should we use?
The question of what kind of dust attenuation curve should be applied to correct the observed emission of
galaxies has been a long-lasting one. In this talk, I will show our recent results on the variations of the shape of
the attenuation curve as a function of ISM metallicity at redshift of z~2, peak epoch of cosmic star formation
activity. We speculate that these variations originate from different dust grains that are produced and have
survived in environments with different metallicities. This study, for the first time, shows a significant
dependance of the slope of the attenuation curve and the strength of the UV extinction bump at 2175A on
metallicity, and has important implications for future rest-frame UV observations of high-redshift galaxies.

Notes:

Aaron Smith
Pathways to self-consistent modeling of high-redshift Lyman-alpha emitters
Lyman-alpha emission is a powerful probe of the interstellar medium and circumgalactic medium of high-redshift
galaxies. Recent theoretical efforts include sophisticated (semi-)analytic models, numerical experiments, and
radiative transfer studies from cosmological simulations. I will briefly discuss some of the unique obstacles to
predicting observables from Lyman-alpha emitters during the Epoch of Reionization, such as resolution in largevolume simulations and representative statistics from zoom-in simulations. The upcoming Thesan project offers a
pathway to overcoming some of these challenges by supplying zoom-in regions with a self-consistent mezo-scale
reionization environment directly from their parent simulation. While this project is still in progress, I will share a
few proof-of-concept results in anticipation of connecting interstellar and intergalactic physics with fully-coupled
radiation hydrodynamics using Arepo-RT within the Illustris-TNG and SMUGGLE frameworks.

Notes:

Justin Spilker
Ubiquitous Molecular Outflows in z>4 Massive, Dusty Galaxies
Massive galaxy-scale outflows of gas are one of the most commonly-invoked mechanisms to regulate the growth
and evolution of galaxies throughout the universe. While the gas in outflows spans a wide range of
temperatures and densities, the cold molecular phase is especially interesting because molecular outflows may
be able to suppress star formation in galaxies by removing the direct fuel for star formation. I will present results
from the first statistical survey of molecular outflows at z>4, in which I find that molecular outflows are both
ubiquitous and widespread. The outflows show clumpy structure on scales of 500pc, though future observations
will require 50-200pc resolution to directly resolve the individual clumps. Even these very fine spatial scales are
accessible with ALMA with gravitational lensing magnification. Upcoming JWST campaigns will offer the first
chance to resolve both the cold molecular and warm ionized phases of galactic outflows at the same ~100pc
resolution in galaxies out to the reionization epoch.

Notes:

Tuguldur Sukhbold
Advances in the binary population synthesis
Binary population synthesis (BPS) models capture stellar and dynamical evolution of massive binary systems,
and play a key role in interpreting various observations, including gravitational waves from merging compact
objects. Existing BPS models fall into two distinct categories: those that approximate stellar evolution through
semi-analytical models to infer broad characteristics of stellar populations (rapid BPS) and a more detailed
approach that employs actual stellar evolution calculations. In this talk, we will report advances on both types
of BPS models. We have developed a new method to predict stellar core structures at the onset of collapse
based on the initial conditions of their Carbon-Oxygen cores. This method allows BPS models to utilize modern
results on the core-collapse supernova mechanism without computing the complicated final stages of
evolution in massive stars. We have also developed a new, simplified model that produces nearly identical
results to the existing state-of-the-art rapid BPS simulations, but only at a small fraction of the computational
expense. Although these findings are discussed mostly in the context of compact object populations, they have
important implications to our understanding of supernova light curves and nucleosynthesis as well.

Notes:

Daniel Tamayo
Stability Constrained Characterization of Multiplanet Systems
Many discovered multiplanet systems are tightly packed.This implies that wide parameter ranges in masses and
orbital elements that may be hard to eliminate observationally are dynamically unstable and can be ruled
out.No known analytical solutions exist for determining the long-term stability of a given orbital configuration,
and direct evaluation through N-body integrations is computationally prohibitive.We present our Stability of
Planetary Orbital Configurations Klassifier (SPOCK), a machine learning model capable of robustly determining
the long-term stability of compact multi-planet architectures up to 10^5 times faster than direct integration.
This computationally opens up the stability constrained characterization of exoplanet systems. We will show an
example application to Kepler-23, where we are able to constrain masses and orbital eccentricities at levels
comparable to or better than state-of-the-art observational methods.

Notes:

Jamie Tayar
TESSting Subgiant Physics
Stellar models are used for a wide range of purposes from characterizing extrasolar planets to untangling the
history of our own and other galaxies. Unfortunately, there are still significant uncertainties in the physics of
these models. To address this, we have carefully characterized a set of subgiant and lower red giant stars in the
TESS southern continuous viewing zone. We show that these stars prefer models that have been altered to
match the location of the red giant branch observed in Kepler. They also show a coherent evolution of the
internal rotation rate from the main sequence to the red giant branch and a significant contrast between the
core and envelope rotation rates. Finally, these stars show that the location of the first dredge up mixing
episode is well predicted by stellar models, even if questions still remain about its total effect.

Notes:

Chris Theissen
The Connection Between Ultracool Dwarf Planet Hosts and Surface Gravity
There is a known increase in the number of terrestrial planets with decreasing (host) mass, with M dwarfs
hosting on average 2-3 terrestrial planets per star. These statistics are well informed down to the mid-M dwarf
(~M5) range , but small number statistics have plagued population studies for the lowest-mass dwarfs. There
is evidence that planets maybe be numerous at the bottom of the main sequence due to the fact that the two
lowest-mass stars known to host exoplanets, Teegarden’s Star (M7) and TRAPPIST-1 (M8), both host multiple
planets, 2 (via radial velocities) and 7 (via transit method), respectively. Interestingly, both of these stars also
have a near-infrared (NIR) spectroscopic classification of being “low” gravity objects, which is a potential sign
of youth and/or radius inflation, however, their kinematics are consistent with older field populations. Studies
have shown the radius of TRAPPIST-1 to be inflated compared to stellar models. It is hypothesized that the
apparent enhanced radius on these truly older sources is caused by magnetic inflation exacerbated by their
orbiting planets, which may indicate that ultracool dwarfs (UCDs; T ≲ 2800 K) with signatures of low gravity
have a higher probability of hosting exoplanets. To investigate the connection between surface gravity/radius
inflation, we are obtaining SpeX/IRTF low-res NIR spectra to curate a sample of ~500 UCDs observed by
Kepler/K2 and TESS to determine gravity classifications. Additionally, we are going to measure the angular
diameter of Teegarden’s Star using the CHARA array to directly probe for star-planet interactions in the form of
radius inflation.

Notes:

Yuan-Sen Ting
Bridging the Gap between Theory and Data by Leveraging Large Data Sets
Various spectroscopic surveys are providing an immense number of spectra from which we can study stellar
properties and elemental abundances of stars. Modern automated approaches for analyzing spectra either (a)
based on data-driven models, which require an extensive grid of empirical spectra with prior knowledge of
their stellar labels, or are (b) based on theoretical synthetic models that are susceptible to model systematics.
In this talk, I will present a hybrid generative domain adaptation method, Cycle-StarNet, which overcomes
these limitations. Cycle-StarNet generates systematics corrected spectral models and establishes data-driven
models without the need for a labeled training set. Moreover, Moreover, Cycle-StarNet can also identify
element-specific missing spectral features in the models. Cycle-StarNet provides a new methodology to autocalibrate models, in stellar spectroscopy and beyond, capitalizing on large data sets from spectroscopic surveys
and the latest technologies in machine learning.

Notes:

Zoe Todd
From Astronomy to Chemistry: Towards a continuous path for the origins of life
Perhaps the most intriguing question that has mystified mankind for centuries is "are we alone in the
universe?", a question which NASA has a priority in answering in the coming years. Fortunately, we have
unprecedented access to the one planet where we know life originated: the Earth. As we move forward with
observations of exoplanets and develop the next generation of instruments that will be used to look for signs
of life elsewhere, we must also study the origins of life on Earth, to constrain the processes that lead to life
and understand the implications for the potential habitability of other worlds. I am interested in 1)
determining the chemical environment available from impacts; 2) evaluating reactions in the prebiotic
chemistry resulting from an impact environment; and 3) studying the effects of the chemical environment on
protocells. Ultimately, I hope to provide a linear pathway from simple molecules available from impacts, to the
resulting prebiotic chemistry, and finally the transition to protocells in a consistent chemical environment, to
provide a coherent picture for the origins of life on Earth and understand the consequences for habitability of
other planets.

Notes:

Kevin Wagner
Imaging the Habitable Zones of Nearby Stars
Earth-sized exoplanets have been discovered through indirect observations, while roughly a dozen wide-orbit
super-Jovian planets have been directly imaged. For bright nearby stars, the habitable zones are resolvable
with current large telescopes operating in the mid-infrared. This provides an exciting opportunity to bridge the
gap and to directly image low-mass temperate exoplanets with dedicated long exposures. With the current
state-of-the-art, we can possibly image warm Neptune-sized planets around the nearest stars, and, with
continued progress, we can directly observe the most challenging and exciting targets: exo-Earths. In this talk, I
will describe our on-going efforts to more than double the sensitivity of mid-infrared exoplanet imaging in
pursuit of directly imaging rocky planets within the habitable zones of nearby stars.

Notes:

Feige Wang
Quasars in the Epoch of Reionization
The most distant luminous quasars provide unique probes to the formation of the earliest supermassive black
holes (SMBHs) and the reionization history of intergalactic medium (IGM). I will update our ongoing quasar
surveys which yield a sizable sample of quasars at redshift z~7 and several luminous quasars at redshift
beyond 7.5, deep into the epoch of reionization. These quasar surveys allow the first measurement of quasar
luminosity function and the characterization of quasar evolution in the reionization-era. The existence of
billion solar mass black holes at redshift beyond 7.5 posts stringent constraints on the theory of black hole
formation and growth in the early Universe. I will also present the new constraints on the IGM neutral fraction
at z~7 based on deep quasar spectroscopy.

Notes:

Siyao Xu
Cosmic ray diffusion in magnetized turbulence
Cosmic rays (CRs) are powerful messengers from the universe and are important for multi-messenger
astronomy. Their diffusion in magnetized turbulence is a fundamental problem in both space physics and
astrophysics. Recently, based on the modern understanding of magnetohydrodynamic (MHD) turbulence, the
picture of CR diffusion has been significantly revised. I will introduce some basic physics and new findings on
CR diffusion in MHD turbulence, including CR diffusion perpendicular to magnetic fields, as well as the
implications for the observations from the heliosphere to galaxies.

Notes:

Michael Zevin
Deciphering the Biography of Massive Stars with Compact Object Mergers
Observing of compact object mergers with gravitational waves helps to reveal vital information about their
progenitor stellar systems, such as the types of galactic environments they were born in, the intricacies of
stellar evolution that persisted throughout their lives, and the physics of the supernovae that marked their
deaths. In this talk, I highlight a couple of applications of how the recent deluge of gravitational-wave
observations can help inform the environments where compact binaries merge as well as the veiled physical
processes that embed binary stellar evolution.

Notes:

Vladimir Zhdankin
Development of extreme two-temperature plasmas by radiative relativistic turbulence
Turbulence is a fundamental process for energizing electrons and ions in high-energy astrophysical plasmas,
such as black-hole accretion flows and jets associated with active galactic nuclei. As a consequence,
turbulence shapes the radiative signatures (i.e., luminosity, spectra, and variability) of these systems. In order
to produce accurate theoretical models and interpret observations, it is therefore essential to understand the
kinetic properties of a collisionless radiative plasma subject to turbulence. To this end, I will describe recent
results from particle-in-cell simulations of relativistic plasma turbulence with radiatively cooled electrons. I will
show that an extreme two-temperature plasma, where ions become much hotter than electrons, is produced
and maintained by the turbulence. I will also discuss some intriguing nonthermal aspects of the plasma,
including the intermittent beaming of high-energy electrons (and thus radiation). This work has implications
for models of radiatively inefficient accretion flows onto supermassive black holes, such as found in the
Galactic Center, and rapid flares observed in these systems.
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