




Kate Alexander

The radio view of TDEs: New constraints on jets, outflows, and SMBH accretion 

Tidal disruption events (TDEs) in which a star is torn apart by a supermassive black hole (SMBH) offer
a unique opportunity to study the formation and growth of relativistic jets and provide new insights
into SMBH accretion. Radio/mm observations of TDEs 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. Despite increasingly intensive radio follow up of TDEs
in recent years, the sample of radio‐detected TDEs remains small, revealing an unexpectedly diverse
population. I will present updated constraints on the weakest outflows in TDEs, including the first
millimeter observations of TDEs undertaken with ALMA. The increased sample size now being
realized by newly upgraded wide‐field optical surveys will shed further light on the physical
conditions required for jet formation in TDEs.

Notes:



Jaehan Bae

Planet formation caught in action in disks around young stars 

The studies of planet formation have been heavily dominated by theoretical work, because
observing planets in formation has been very challenging. The situation is however gradually
changing. Thanks to increasingly powerful observing facilities and techniques we are now able to
peer into the birthplaces of planets, so‐called protoplanetary disks, routinely finding signposts of on‐
going planet formation therein. In this talk, I will introduce some of recent key achievements in
protoplanetary disk observations and discuss how they can help us better understand planet
formation processes.

Notes:



Vivienne Baldassare

Searching for active galactic nuclei in low‐mass galaxies with optical photometric variability 

The population of massive black holes (BHs) at the centers of nearby low‐mass galaxies provides some
of the best observational constraints on the masses of “black hole seeds” at high redshift.
Furthermore, while BHs are ubiquitous and well‐studied in Milky Way‐sized and larger galaxies,
relatively little is known about the population and properties of BHs in low‐mass galaxies. However,
BHs in these systems can be difficult to identify due to star formation dilution of the active galactic
nucleus (AGN) signal and metallicity effects. In Baldassare et al. 2018, we showed that long‐term
optical variability in low‐mass galaxies can identify AGNs missed by other selection techniques. I will
present a new analysis of the nuclear variability of more than 50,000 nearby galaxies using data from
the Palomar Transient Factory. The fraction of galaxies with AGN‐like variability increases from 0.3%
for galaxies with stellar masses less than 1e9 Msun to 2% for galaxies with stellar masses greater than
1e11 Msun. I will present our sample of low‐mass, variability‐selected AGNs and discuss implications
for the active fraction and occupation fraction at low galaxy masses. I also study the variability
properties of AGNs as a function of BH mass down to BH masses of 1e5 Msun, and find no
dependence of variability properties on BH mass.

Notes:



Jennifer Barnes

Sources of the Astrophysical R‐process

The astrophysical site in which heavy elements are produced via rapid neutron capture (r‐process)
nucleosynthesis, has long been an open question in astrophysics. Emission from the kilonova that
accompanied GW1708187 identified neutron star mergers as one source of the astrophysical r‐
process. However, uncertainties in the interpretation of that event, as well as theoretical
considerations that identified other potentially important sources of r‐process elements, have
complicated the picture. I will discuss recent work that aims to help us better pinpoint the
astrophysical source(s) responsible for synthesizing some of the heaviest nuclei in the Universe.

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, and what the final
conditions of the progenitor are. The mass loss rates of red supergiants (RSGs) govern their evolution
towards supernova and dictate the appearance of the resulting explosion. To study how mass‐loss
rates change with evolution we have measured the mass‐loss rates of RSGs, in a sample of clusters in
the local Universe. Our results indicate that there is little justification for substantially increasing the
mass loss rates during the RSG phase, as has been suggested recently in order to explain the absence
of high mass progenitors to hydrogen rich core‐collapse supernovae.

Notes:



Rachael Beaton

Distances for Cosmology

I will describe work to sharpen distance measurement techniques in pursuit of constraints on the
predictions of the current cosmological model ‐‐ from the expansion rate of the Universe to the dark
matter structure on the smallest scales.

Notes:



Jennifer Bergner

Volatile chemistry during protoplanetary disk evolution

Nascent planetary compositions are set by the inventories and distributions of molecules in
protoplanetary disks. Understanding how planets are seeded with organic molecules, the building
blocks for prebiotic chemistry, is key to assessing the habitability of other worlds. I will discuss
recent progress in characterizing simple and complex organic molecules in protoplanetary disks using
ALMA, and implications for the chemistry of different volatile elements (C, N, and O) in disks. With
evidence mounting that planet formation is already underway by the protoplanetary (Class II) disk
stage, we are also exploring the organic chemistry in embedded (Class 0/I) protostellar disks in order
to assemble a view of chemical evolution throughout the disk lifetime.

Notes:



Ivan Cabrera‐Ziri

Things keep getting crazier with the multiple populations in globular clusters

Recent photometric studies of RGB stars have found that the presence of multiple stellar populations 
in massive (∼1e5 Msun) globular clusters in all clusters older than ∼2Gyr. However, no detections of 
multiple populations have been found in the RGB of clusters below ∼2Gyr. Such a relation with age is 
not expected in any scenario for the origin of MPs, and constitutes one of the most important 
findings in the field in recent years. One potential explanation for the observations is that MPs do 
exist within the young clusters, but only on stars below a certain mass limit. Here we present the 
results of deep imaging of NGC 419, a massive (∼1e5 Msun) 1.5 Gyr SMC cluster, in order to search 
for splitting along main sequence stars (∼1 Msun

Notes:



Andrew Chael

The Black Hole‐Jet Connection in M87: Linking Simulations to VLBI images

The Event Horizon Telescope (EHT) has produced the first image of the 1.3 mm‐wavelength emission
around the black hole “shadow” at the heart of M87. Because the EHT's dynamic range is currently
limited, this image does not show emission from the famous relativistic jet which is prominent in VLBI
images at longer wavelengths. I will describe how large‐scale numerical simulations connect VLBI
images of the shadow at 1.3 mm to images of the jet at longer wavelengths and constrain the physics
of the jet launching region. M87's wide jet opening angle and large jet power suggest that its
accretion flow is magnetically arrested and that the jet is powered by the black hole spin. The balance
of radiative cooling and dissipative heating in the plasma flow is critical in setting the temperature of
the emitting electrons and affects image morphology at all wavelengths. By including radiative
feedback and electron‐ion thermodynamics self‐consistently in simulations of magnetically arrested
disks, we are able to produce images of M87 that are consistent with VLBI observations from EHT
images of the black hole shadow at 1 mm to images of the jet at cm wavelengths. Finally, I will discuss
how future EHT results that map the near‐horizon emission in polarization and monitor its variability
will further constrain the physics connecting a supermassive black hole to its relativistic jet.

Notes:



John Chisholm

Towards an initial glimpse of the properties of the first galaxies

Extensive observations of local galaxies have painted a complex picture of local galaxy evolution. Yet,
we have barely described the first galaxies that established the conditions for local galaxies. This will
soon change as the next generation of telescopes opens a window onto the early universe. Theory
suggests that these galaxies lived in very different environments from local galaxies. Through star
formation and accretion onto black holes, metals polluted the gas within galaxies and high‐energy
photons ionized the gas outside of galaxies. These conditions enabled the conditions for modern
galaxies to emerge. I will discuss open questions: What are the properties of the first stars? Do
massive star properties and evolution change at low metallicities? Is the gas within the first galaxies
different from local galaxies? Rare local galaxies, with similar properties as distant galaxies, provide
an initial glimpse to the solution of these questions, but many answers must wait for future
observations. Answering these questions will describe how galaxies asserted control over their
evolution and shaped the subsequent evolution of baryons in the universe.

Notes:



Susan Clark

The magnetic interstellar medium in three dimensions

The Milky Way is magnetized. Magnetic fields thread the Galaxy, influencing interstellar physics from
cosmic ray propagation to star formation. The magnetic interstellar medium (ISM) is also a
formidable foreground for observational cosmology, particularly for the quest to find signatures of
inflation in the polarized cosmic microwave background (CMB). Despite its importance across
scientific realms, the structure of the Galactic magnetic field is not well understood. Observational
tracers like polarized dust emission yield only sky‐projected, distance‐integrated measurements of
the three‐dimensional magnetic structure. I will discuss new ways to probe the magnetic ISM in
three dimensions, by combining high‐resolution observations of Galactic neutral hydrogen (HI) with
recent insights into how HI morphology encodes properties of the ambient magnetic field. This
allows the construction of 3D HI‐based Stokes parameter maps: a new tool for studying the structure
of the Galactic magnetic field, the ISM, and the polarized foreground to the CMB.

Notes:



Eric Coughlin

A Universal Fallback Rate from Partial Tidal Disruption Events

The destruction of a star by the tidal field of a supermassive black hole (SMBH) provides a means to
illuminate the central regions of otherwise‐quiescent galaxies, and these tidal disruption events
(TDEs) are being discovered at an ever‐increasing rate. We demonstrate that partial TDEs ‐‐ in which
a stellar core survives the initial, tidal encounter ‐‐ produce a black hole feeding rate that scales with
time t as t^{‐9/4} (t^{‐2.25}) at late times, which is significantly steeper than the t‐5/3 scaling that
follows from a full disruption. We verify this result with hydrodynamical simulations, and we place
constraints on the time at which the feeding rate transitions to this asymptotic value as a function of
the mass of the surviving core. These results have important implications for the characteristic
features of TDEs in the current era of wide field surveys.

Notes:



Philip Cowperthwaite

Electromagnetic Follow‐Up of Neutron Star Bearing Gravitational Wave Events from the 
Third Advanced LIGO and Virgo Observing Run

The Advanced LIGO and Virgo (ALV) gravitational wave interferometers began their third observing
run (O3) in April of 2019. Since then they have so far reported the detection of 29 gravitational wave
candidates. While the majority of detected events are likely to be the merger of two stellar mass
black holes, six events have a better than 50% chance of containing at least one neutron star making
them enticing targets for electromagnetic follow‐up. In this talk, I will review the follow‐up efforts for
three of these events: S190425z, S190426c, and S190814bv. To date, no credible electromagnetic
counterparts have been identified for any of these events. Nevertheless, studying these follow‐up
efforts can provide valuable insight into the difficulties of obtaining joint detections of gravitational
waves and electromagnetic signals.

Notes:



Benedikt Diemer

Modeling the interstellar medium, and other fun with cosmological hydro simulations

Hydrodynamical simulations of cosmological volumes are rapidly become a key tool in the study of
galaxy formation. The price for their large volumes and galaxy samples is relatively low resolution
and numerous unresolved physical processes. For example, the interstellar medium (ISM) and star
formation are captured by fairly simplistic models, and most simulations do not predict the
abundances of the observable phases of gas, namely atomic and molecular hydrogen (HI and H2). I
will describe a comprehensive post‐processing effort to compute the HI and H2 abundances in the
IllustrisTNG simulations and present extensive comparisons to observations. I will discuss efforts to
build more realistic ISM models for future simulations that compute these abundances ab initio.

Notes:



Anna‐Christina Eilers

The Formation and Growth of Supermassive Black Holes at Early Cosmic Epochs

Quasars are the most luminous objects in the universe and can be observed at the earliest cosmic
epochs, providing unique insights into the early phases of black hole, structure, and galaxy
formation. Observations of these quasars demonstrate that they host supermassive black holes
(SMBHs) at their center, already less than ~1 Gyr after the Big Bang. The formation and growth of
these SMBHs in such short amounts of cosmic time is a crucial yet unanswered question in studies of
quasar and galaxy evolution. An important piece of the puzzle is the lifetime of quasars ‐‐ the time
that galaxies shine as active quasars ‐‐ but to date its value remains uncertain by several orders of
magnitude. I will present a new method to obtain independent constraints on the lifetime of high
redshift quasars, based on measurements of the sizes of the 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 a data set of high redshift quasar spectra at z>6, we discovered an unexpected
population of very young quasars, indicating lifetimes of only ~10,000 years, which significantly
challenges all current black hole formation theories. I will highlight the implications and tensions of
such short quasar lifetimes on the SMBH formation paradigm, and discuss several potential
modifications that could explain our results, for instance super‐critical mass accretion rates,
obscured quasar growth phases, or flickering quasar light curves. I will show potential ways to
disentangle the various scenarios with future observations with the James Webb Space Telescope.

Notes:



Ke Fang

GeV‐to‐TeV Gamma‐rays from the Microquasar SS 433

The extended jets of the microquasar SS 433 have been observed in optical, radio, and X‐ray. In this
talk, we first report the discovery of very‐high‐energy (VHE) gamma‐rays from this source by the High
Altitude Water Cherenkov (HAWC) Observatory. Then we present a joint analysis of Fermi‐LAT and
HAWC observations to study the spectrum and location of gamma‐ray emission inside the SS
433/W50 complex. Our analysis finds common emission sites of GeV‐to‐TeV gamma‐rays inside the
eastern and western lobes. The measurement suggests that a population of relativistic electrons
were accelerated 30‐40 parsec away from the compact object in the center of SS 433, and the
electrons are quickly cooled due to synchrotron radiation in a magnetized environment.

Notes:

Ke Fang



K. Decker French

What Host Galaxy Properties Affect the rate of Tidal Disruption Events?

Individual stars are observed to be accreted by supermassive black holes when they are torn about
by tidal forces in a tidal disruption event (TDE). I will present recent work demonstrating that TDEs
occur at a high rate in galaxies which have experienced a recent galaxy‐wide burst of star formation. I
will explore several possibilities for what might connect the small‐scale dynamics at the centers of
these galaxies to their large‐scale star formation histories, and discuss new constraints on these
mechanisms from high resolution imaging from HST.

Notes:



Max Gronke

From tiny acorns grow mighty giants: the reverse cascade of cold gas

At the Hubble symposium earlier this year, I showed some results suggesting that cold gas can
survive ram pressure acceleration if the cooling time of *mixed* gas is smaller than the cloud
destruction timescale. I will expand upond these results and show that this cold gas keeps on
growing ‐‐ even in a more realistic wind model. I will present the expected mass growth rates, and
discuss how we can use this to estimate the cold gas mass deposited in the CGM using this process.
Time provided, I will try to connect this to larger scale simulations which currently have problems
describing this cold gas dynamics.

Notes:



Raphaelle Haywood

Using solar observations to identify a proxy for radial‐velocity variations induced by 
magnetic activity in Sun‐like stars

The main obstacle to confirming and characterising small planets discovered by Kepler, K2, and TESS
is the magnetic activity of the host stars. Indeed, radial‐velocity (RV) observations are dominated by
rotationally modulated signals that arise from the presence of magnetic features and velocity flows
on the stellar surface. To overcome this obstacle, we must identify indicators that correlate strongly
with activity‐induced RV variations. We reconstruct the RV variations of the Sun seen as a distant,
point‐like star over the last magnetic cycle, using SDO/HMI data, calibrated against overlapping
HARPS‐N RV observations of the Sun as a star. We measure the full‐disc, unsigned magnetic flux and
show that a simple linear fit to it can reduce the rms of RV variations by a factor of two. We thereby
confirm that it is an excellent proxy for activity‐induced RV variations, and discuss future prospects
for measuring the unsigned magnetic flux in Sun‐like stars.

Notes:



Maximiliano Isi 

Testing the no‐hair theorem with GW150914

In this talk, I will describe the analysis of gravitational‐wave data from the first LIGO detection of a
binary black‐hole merger (GW150914) in search of the ringdown of the remnant black hole. Using
observations beginning at the peak of the signal, we find evidence of the fundamental quasinormal
mode and at least one overtone, both associated with the dominant angular mode (ℓ=m=2). A
ringdown model including overtones allows us to measure the final mass and spin magnitude of the
remnant exclusively from postinspiral data, obtaining an estimate in agreement with the values
inferred from the full signal. The mass and spin values we measure from the ringdown agree with
those obtained using solely the fundamental mode at a later time, but have smaller uncertainties.
Agreement between the postinspiral measurements of mass and spin and those using the full
waveform supports the hypothesis that the GW150914 merger produced a Kerr black hole, as
predicted by general relativity, and provides a test of the no‐hair theorem at the ~10% level. An
independent measurement of the frequency of the first overtone yields agreement with the no‐hair
hypothesis at the ~20% level. As the detector sensitivity improves and the detected population of
black‐hole mergers grows, we can expect that using overtones will provide even stronger tests.

Notes:



Alexander Ji

Chemical Enrichment in Ultra‐faint Dwarf Galaxies

The Milky Way's ultra‐faint dwarf galaxy satellites each sample short, independent bursts of star
formation from the first 1‐2 Gyr of the universe. These tiny relic galaxies currently contain no
massive stars or gas. Despite this, the chemical abundances of their stars can still retain a picture of
the massive stellar populations and gas dynamics for a galaxy forming its stars at z > 6. I will present
detailed abundances from high‐resolution spectroscopy of resolved stars in several dwarf galaxies.
These galaxies display clear abundance variations that indicate corresponding differences in the
initial masses of their enriching core‐collapse supernovae and quantify the level of inhomogeneous
metal mixing in their interstellar media.

Notes:



Melodie Kao

A Window into Planetary Magnetism with Exo‐Aurorae

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 is by observing exo‐aurorae at radio frequencies. Our discovery of the first radio
exo‐aurora on the ~12.7 MJ brown dwarf SIMP J01365662+0933473 marks the beginning of an era
for directly probing magnetism at planetary masses. Low‐frequency radio arrays such as the Owens
Valley LWA and the Square Kilometre Array will soon be sensitive to exoplanet aurorae, providing a
new means of exoplanet detection and characterization. Now is a critical time to prepare for these
upcoming searches by harnessing detailed studies of exo‐aurorae on observationally accessible
exoplanet analogs, planetary‐mass brown dwarfs. I will synthesize the state of the art for searches of
brown dwarf exo‐aurorae, including our new results from a survey of young, planetary‐mass objects
and the deepest study to date of an 11‐12 MJ brown dwarf. I will discuss implications for and
highlight opportunities to probe exoplanet magnetism with the next generation of ground‐ and
space‐based radio facilities.

Notes:



Sebastiaan Krijt

Modeling the outer regions of protoplanetary disks: Connecting ALMA observations to 
KBO compositions

I will discuss new numerical models of the outer regions of protoplanetary disks that include both
physical (dust coagulation, gas and dust dynamics) and chemical (gas‐phase and grain‐surface
reactions) processes in a self‐consistent manner. Designed to connect several different material
reservoirs (e.g., gas‐phase vs. ice, midplane vs. disk surface), predictions from such models can be
compared to a diverse set of observational constraints ranging from ALMA observations of gas‐phase
molecules in nearby disks to in‐situ measurements of Kuiper Belt objects.

Notes:



Joshua Krissansen‐Totton

New approaches to exoplanet life detection

Upcoming space‐ and ground‐based telescopes will be capable of detecting biosignature gases in
exoplanet atmospheres. However, distinguishing genuine signs of life from abiotic processes that
may mimic inhabited planets will be challenging. Fortunately, Earth and the Solar System planets are
invaluable natural laboratories for understanding biosignatures and planetary habitability more
broadly. The early Earth provides examples of novel biosignatures, such as atmospheric
disequilibrium between carbon‐bearing species, which are potentially detectable with upcoming
telescopes like JWST. Moreover, quantitative models of the geochemical evolution of planetary
atmospheres and interiors that are validated using solar system planets will enable predictions of
abiotic oxygen accumulation on terrestrial exoplanets. Such models will soon be informed and
refined by upcoming observations of highly irradiated terrestrial planets to better constrain the
likelihood of abiotic oxygen accumulation on potentially habitable worlds. These modeling
approaches will ultimately be incorporated into a statistical framework for the probabilistic
assessment of purported biosignature detections (or non‐detections). Taken as a whole, these
quantitative approaches to biosignature assessment will lay the groundwork for systematic searches
for life elsewhere with next generation telescopes.

Notes:



Ting Li

The Southern Stellar Stream Spectroscopic Survey

In this talk, I will present an ongoing spectroscopic program, the Southern Stellar Stream
Spectroscopic Survey (S5), which maps newly discovered stellar streams with the fiber‐fed AAOmega
spectrograph on the Anglo‐Australian Telescope. S5 is the first systematic program pursuing a
complete census of known streams in the Southern Hemisphere, providing a uniquely powerful
sample for understanding the building blocks of the Milky Way's stellar halo, the progenitors and
formation of stellar streams, the mass and shape of the Milky Way's halo, and ultimately the nature
of dark matter. In additional to observing stars in the stellar streams, we use spare fibers to conduct
two auxiliary programs, a Milky Way halo survey as well as a low redshift galaxy survey. In particular,
we serendipitously discovered the fastest main sequence hyper‐velocity star (HVS), S5‐HVS1, from
the auxiliary Milky Way halo program. This star, moving at ~1700 km/s, was kicked away from Milky
Way’s super massive black hole, Sgr A*, and is the long‐sought smoking gun signal of the Hills'
mechanism.

Notes:



Sarah Loebman

Mutual Destruction on FIRE: How Simulated Embedded Star Clusters Destroy and are 
Destroyed by Giant Molecular Clouds in Cosmological Simulations

Hydrodynamic simulations offer a way to connect the dots from the earliest stages of giant
molecular cloud (GMC) assembly through clustered star formation to the present day location of
dispersed stars. I will present first results tracking clustered star formation in the Latte simulations:
cosmological Milky Way‐mass FIRE‐2 disk galaxies simulated with gas with 1 pc scale spatial
resolution. Latte generates realistic young massive star clusters, with size, velocity and metallicity
dispersions matching those in the Milky Way. I will highlight an exciting new result: young massive
star clusters identified while still associated within their natal GMCs. Tracing these star clusters and
their host GMCs forward in time reveals star formation is short‐lived, ceasing before the onset of
supernovae feedback at ~3 Myr. I will discuss how supernovae feedback increases turbulence in the
gas and drives both the star clusters and the GMCs to disintegrate on short timescales.

Notes:



Renee Ludlam

Utilizing NICER and NuSTAR for Accreting Neutron Star Low‐mass X‐ray Binaries

Relativistic disk lines in neutron star low‐mass X‐ray binaries provide a valuable tool to determine the
neutron magnetic field strength, the extent of a boundary layer, and even place a limit on the radius
of the compact object itself. Using NuSTAR, we have recently been able to obtain measurements of
the inner disk around neutron stars that are unbiased by pile‐up effects. Now, NICER affords the
opportunity to search for low‐energy relativistic lines down to 0.25 keV using detectors that are also
free of distortions at high flux levels. The combined bandpass and sensitivity of NuSTAR and NICER
opens a new opportunity to capture multiple emission features, and to utilize them to measure and
map out different observables within the disk.

Notes:



Krista Lynne Smith

Multiwavelength AGN Science with TESS

The exoplanet hunting satellite TESS, successor to Kepler, provides nearly all‐sky monitoring with 30‐
minute cadence at exquisite optical photometric precisions. Due to the increased sky coverage,
many more AGN across the entire zoology can be studied with TESS. I will show the first light curves
from TESS for blazars, narrow‐line Seyfert 1 galaxies, and radio‐loud AGN in comparison with
simultaneous light curves in the X‐ray, radio, and gamma ray, and discuss the physical insights
available from this wide new temporal window.

Notes:



Yao‐Yuan Mao

The "Satellites Around Galactic Analogs" (SAGA) Survey is a spectroscopic survey that aims to
discover and identify dwarf galaxy satellite systems around Milky Way‐like galaxies outside the Local
Volume. The Survey measures the satellite luminosity function in these systems down to the
brightness of the Leo I galaxy, and also the star formation rate of these satellite galaxies. To date we
have measured more than 17,000 spectra, identified more than 100 satellite galaxies, and obtained
complete coverage around 21 host galaxies. The unprecedented datasets provide us new
understandings of our own Galaxy in a cosmological context, and supply crucial ingredients for the
study of galaxy formation and nature of dark matter. In this talk, I will describe the design, progress,
and current results of the SAGA Survey. I will also discuss how our techniques can benefit future low‐
redshift spectroscopic surveys, and how we develop comprehensive theoretical models to improve
our understanding of the galaxy‐halo connection at small scales.

Notes:

The SAGA Survey: Exploring Dwarf Galaxy 
Satellite Systems



Ben Margalit

Fast Radio Bursts ‐ Recent Advances in Theory vs Observations 

In this talk I will review recent observational and theoretical progress in the rapidly emerging field of
fast radio bursts (FRBs). I will discuss new theoretical results and main observational open questions,
and the implication of this exciting new field to other astrophysical areas.

Notes:



Jose María Ezquiaga

Testing gravity with standard sirens: challenges and opportunities 

Multi‐messenger gravitational wave astronomy offers exciting new avenues to test Einstein's theory
of gravity. In this talk I will review what we could learn about gravity using standard sirens. In
particular, I will focus on tests of the propagation speed, the GW luminosity distance and additional
polarizations. I will summarize recent results from the first two runs of LIGO and outline the
prospects of a future network of ground‐based detectors and space‐based interferometers.
Throughout the talk, I will highlight different challenges and opportunities of this field. .

Notes:



Charlotte Mason

What can Lyα emission from galaxies tell us about reionization? 

The reionization of intergalactic hydrogen in the universe's first billion years was likely driven by the
first stars and galaxies. I will describe how we can use galaxies at our current observational frontiers
to learn about how reionization progressed and thus the sources of ionizing photons. In particular,
Lyman alpha (Lyα) emission from galaxies can be used to probe the intergalactic medium (IGM) at
high redshift, but requires modelling physics from pc to Gpc scales. I will describe a forward‐
modelling Bayesian approach which combines cosmological IGM simulations with empirical
interstellar medium models to constrain reionization from observations of galaxies, focusing on Lyα
emission at z>6. I will present new measurements which favour a late and relatively rapid
reionization, and discuss the implications of this for the sources of reionization.

Notes:



Brett McGuire 

PAHs and Carbon Chemistry at the Earliest Stages of Star Formation: 

A New Paradigm in Astrochemistry

As much as 25% of all interstellar carbon is thought to be locked into polycyclic aromatic
hydrocarbons (PAHs) ‐ large molecules that have until now been thought to be nearly exclusively
formed in the envelopes of evolved stars. Here, we will present the results of a GBT Large Program ‐‐
GOTHAM ‐‐ and complementary laboratory studies at the CfA to investigate the formation of PAHs in
cold dark clouds ‐ at the opposite end of the evolutionary spectrum from evolved stars. While only
partially complete, our preliminary analysis reveals an unprecedented level of chemical complexity in
carbon species at this earliest stage of star formation. The results will demand a large shift in our
understanding of the evolution of chemistry and the reservoir of carbon throughout the star‐
formation process.

Notes:



Anna McLeod

Feedback from massive stars in the era of integral field spectroscopy 

Feedback from massive stars plays a central role in shaping the evolution of entire galaxies. Despite a
solid qualitative understanding of feedback, our quantitative knowledge remains poor. Currently,
only a small number of HII regions have adequate observational information on both gas and stars
needed for detailed feedback studies. However, the growing availability of integral field unit (IFU)
instruments and the novel analysis techniques we’ve developed for them, now allow the study of
stellar feedback in orders‐of‐magnitude more HII regions than previously possible, i.e. the numbers
needed to fully quantify the effects of feedback over a large dynamic range of stellar and ISM
properties, and to connect the results to state‐of‐the‐art star formation and galaxy evolution models.

I will discuss the first results of resolved stellar feedback studies from a MUSE IFU legacy dataset
covering the nearby Sculptor galaxy NGC 300, as well as results from MUSE observations of HII
regions in the Magellanic Clouds. By merging the MUSE NGC 300 data with HST resolved stellar
photometry, I demonstrate that ground‐based IFU data of nearby galaxies is ideally suited to quantify
feedback from massive stars all the way down to individual cloud scales. Moreover, I will discuss the
MUSE NGC 300 dataset in terms of a pathfinder to ongoing and next‐generation IFU nearby galaxy
surveys and instruments.

Notes:



Philip Mocz

First star‐forming structures in fuzzy dark matter cosmic filaments

Notes:

In hierarchical models of structure formation, the first galaxies form in low mass dark matter
potential wells, probing the behavior of dark matter on kiloparsec (kpc) scales. Even though these
objects are not observed today, telescopes such as the James Webb Space Telescope (JWST) will
soon offer an observational window into this emergent world. In this talk I describe how the first
galaxies are assembled in a `fuzzy' dark matter (FDM) cosmology where dark matter is an ultralight
~10^‐22 eV boson and the primordial stars are expected to form along dense dark matter filaments.
Using a first‐of‐its‐kind cosmological hydrodynamical simulation, we explore the interplay between
baryonic physics and unique wavelike features inherent to FDM. In our simulation, the dark matter
filaments show coherent interference patterns on the boson de Broglie scale, develop cylindrical
soliton‐like cores, and form stars along the entire structure. The filaments are unstable under gravity
and collapse into kpc‐scale spherical solitons. Features of the dark matter distribution are largely
unaffected by the realistic baryonic feedback; on the contrary, gas and stars follow dark matter
filaments and their profiles exhibit flattened cores ‐‐ smoking gun signatures of FDM. I contrast
these results against first structures in cold and warm dark matter cosmologies.



Erica Nelson 

Building galaxies and regulating star formation

Notes:

I will discuss the emergence of galactic structure: how star formation through cosmic time built
the rich diversity of galaxies we see today. Despite having determined the primary structural
building blocks that comprise local galaxies ‐‐ bulges and disks ‐‐ we still do not know how they
formed. The improved spatial resolution with which we can now simulate and observe early
galaxies has given us a clearer window into how they grew. Combining near‐infrared spectroscopy
from space with cosmological hydrodynamical simulations, I will discuss new insights into the
interplay between the formation of disks and bulges and the regulation of star formation. Finally,
the impending launch of the James Webb Space Telescope will revolutionize our understanding of
early galaxy formation. I will conclude with a discussion of where the field is moving and the rich
discovery space in this new era of extragalactic astrophysics.



Antonija Oklopcic

Probing the Dynamics and Magnetic Fields of Extended Exoplanet Atmospheres

Notes:

Atmospheric escape is an important process in the evolution of atmospheres of extrasolar planets,
especially those orbiting very close to their host stars. However, many aspects of atmospheric
escape remain poorly understood, in part due to a small number of direct observations that have
been available until recently. In recent theoretical work (Oklopčić & Hirata, 2018), we
demonstrated that the absorption line of helium at 1083 nm can be used as a powerful new
diagnostic of escaping atmospheres. Since then, excess absorption in the helium 1083 nm line was
observed in several exoplanets, using both space‐ and ground‐based telescopes. These
observations opened a new wavelength window into escaping atmospheres that can help us
improve our understanding of the dynamics of upper atmospheres and the physical processes that
drive atmospheric mass loss and, consequently, affect planetary evolution and demographics of
planetary systems. Furthermore, I will describe how linear and circular polarization signals in the
helium 1083 nm line can be used to probe the magnetic fields of exoplanets.



Georgia Panopoulou

Studying the Milky Way's magnetic field in 3D with optical polarization 

Notes:

The ability to reconstruct the 3D magnetic field in the Galactic interstellar medium (ISM) is
instrumental for many different scientific efforts. A 3D magnetic field reconstruction can inform us
about the dynamics in star forming regions, the origin of Ultra‐High Energy cosmic rays, as well as
how the magnetic field is affected by large‐scale Galactic processes. Such 3D maps are also
necessary for accurately modeling polarized dust emission, which acts as a dominant foreground
contaminating the polarization of the Cosmic Microwave Background. While modeling the
magnetic field in 3D using 2D data has been possible in the past, the advent of Gaia allows for
actually measuring the field in three‐dimensions with unprecedented accuracy. I will present an
effort towards this goal: tomographic mapping of the magnetic field morphology using dust‐
induced starlight polarization. By combining information from a diverse set of observables, I will
demonstrate what we can learn about the magnetized ISM from such an endeavor.



Benjamin Pope 

Radio Observations of M dwarf Star‐Planet Magnetic Interaction 

Notes:

Despite decades of deep observations, exoplanets have never yet been conclusively detected at
radio frequencies. With the advent of the SKA precursor LOFAR, we finally have the sensitivity to
for the first time detect non‐flaring emission from nearby main sequence stars. Many of these
systems display a tight correlation with X‐ray emission consistent with scaling from coronal
emission in other systems, but some show weak or no X‐rays emission and very high degrees of
circular polarization. This is consistent with a "Jupiter‐Io"‐like interaction between the host star
and a terrestrial‐mass planet, and we will present RV observations ruling out any massive
companion to one target, and the detection of a known exoplanet host in the radio. If the
observed radio emission is due to the exoplanets, this implies surprisingly‐high magnetic field
strengths of order ~ 10‐50 G.



Anna Rosen

A Massive Star is Born: How Stellar Feedback Limits Accretion onto Massive Stars 

Notes:

Massive stars form in magnetized, dense, and cold molecular gas from the gravitational collapse of
massive pre‐stellar cores located in highly embedded environments. During their formation,
feedback from their intense radiation fields, magnetically launched collimated protostellar
outflows, and fast, isotropic radiatively driven winds may limit their growth by accretion. In this
talk, I will present a suite of 3D radiation‐ magnetohydrodynamic simulations of the collapse of
massive pre‐stellar cores that include these feedback processes to determine how stellar feedback
can limit accretion onto massive stars. We find that inclusion of feedback from outflows punches
holes in the ISM along the star’s polar directions, thereby increasing the size of optically thin
regions where radiation can escape. Additionally, isotropic winds shock heat the infalling gas and
accretion disk to temperatures of ~10^6 K, thereby reducing accretion onto the star at late times.



Anna Schauer

Minihaloes ‐ formation sites of the first stars under the influence of streaming velocities 
and Lyman‐Werner radiation 

Notes:

The formation of the first stars in the Universe takes place in so‐called minihaloes, the first objects
to contain dense gas cooled by molecular hydrogen. Several large‐scale effects play a role in
shaping these formation sites: large scale velocities between gas and dark matter (streaming
velocities) hinder star formation in small mass haloes, and Lyman Werner radiation destroys
molecular hydrogen, the dominant coolant. With large cosmological simulations, we study the
interplay between these two effects to gain a better understanding of the prototypical star
forming region at the highest redshifts.



Vadim Semenov 

The origin of inefficient star formation in galaxies 

Notes:

Observed star‐forming galaxies convert their gas into stars surprisingly inefficiently. Available gas in
galaxies is depleted on the timescale of several Gyr which is orders of magnitude longer than any
physical timescale relevant for star formation. The origin of long gas depletion times is a long‐
standing puzzle. Many galaxy simulations can reproduce observed long depletion times but the
physical mechanism controlling their values is not well understood. In addition, some of the
simulations show a rather counter‐intuitive behavior: global depletion times appear to be almost
insensitive to the assumptions about local star formation in individual star‐forming regions, a
phenomenon described as "self‐regulation." Yet another part of the puzzle is the observed tight and
near‐linear correlation between star formation rates and the amount of molecular gas on kiloparsec
and larger scales. A linear correlation implies that depletion time of molecular gas is almost
independent of molecular gas density on > kiloparsec scales, while popular models of star formation
in galaxies predict a strong dependence. I will present results from a suite of isolated disk galaxy
simulations in which we systematically explored the behavior of depletion times. Using insights from
these simulations we formulated a physical model that explains both the origin of long gas
depletion times in observed galaxies and the results of galaxy formation simulations. This model and
our simulation results also provide major insights into the origin of the observed linear correlation
between star formation rates and molecular gas.



Irene Shivaei 

Dust at high redshifts 

Notes:

An important component of the interstellar medium (ISM) is dust. ISM dust shapes our view of
galaxies by absorbing and scattering light in the UV and optical wavelengths and re‐emitting it in the
longer IR wavelengths. Dust grains also have important roles in the physics and chemistry of the ISM.
Yet, our knowledge of the dust properties (grain composition and size distribution, geometry with
respect to the emitting sources, etc) at high redshifts are very limited. I will talk about what we know
about dust in galaxies at z~2 using our current data and facilities, and the prospects with the future
JWST. Spitzer and Herschel were revolutionary in observing the dust emission in galaxies at z~2, but
their limited sensitivity and spatial resolution have biased our knowledge to the dusty galaxy
populations at high redshifts. Using JWST/MIRI we will be able to trace the hot dust at z~1‐3 for large
samples of galaxies down to low luminosities, owing to the significantly higher sensitivity and smaller
beam size of MIRI compared to those of Spitzer. On the other hand, ALMA gives us the unique
opportunity to trace the dust content of individual unlensed and typical galaxies at z>1. Moreover,
the optical and near‐IR instruments on 10‐m class telescopes add important pieces of information
regarding dust attenuation in the stellar continuum and the nebular ionized emission of z~2 galaxies.
The synergies among these facilities will give us a better picture of the dust content of galaxies
during the peak epoch of cosmic star formation activity.



Aaron Smith 

Arepo‐MCRT: Monte Carlo radiation hydrodynamics on a moving mesh 

Notes:

I will discuss Arepo‐MCRT, a Monte Carlo radiative transfer (MCRT) radiation hydrodynamics (RHD)
solver for the unstructured moving‐mesh code Arepo. The method is designed for general multiple
scattering problems in both optically‐thin and ‐thick conditions. It incorporates numerous efficiency
improvements and noise reduction schemes to help overcome efficiency barriers that typically
inhibit convergence. These include continuous absorption and energy deposition, photon weighting
and luminosity boosting, path‐based statistical es‐ timators, conservative (face‐centered)
momentum coupling, adaptive convergence between time‐steps, Implicit Monte Carlo (IMC) for
thermal emission, and discrete diffusion Monte Carlo (DDMC) for unresolved scattering. I will focus
on unique aspects of the implementation and discuss some advantages and drawbacks of the
method for various astrophysical contexts.



Justin Spilker

Ubiquitous Molecular Outflows in z>4 Dusty Starbursts

Notes:

One of the most important realizations of the last fiteen years is the vital role that feedback must
play in the evolution of galaxies, particularly at the massive end (Mstar > 10^11Msun). Star
formation appears to have been efficiently "quenched," but the processes by which quenching
occurs are poorly understood. Theoretical models invoke feedback from AGN and/or star formation
to disrupt, expel, or heat the gas and prevent further star formation. Meanwhile, massive and
passive galaxies have been identified as early as z>4, with the bulk of their earlier star formation
inferred to have been in a highly dust‐obscured starburst phase. I will present ALMA observations
of a sample of z>4 dusty starburst galaxies that show that molecular outflows are ubiquitous in this
population, plausibly able to quench early massive galaxies by removal of the molecular fuel for star
formation. The observations also spatially resolve the outflows, showing high outflow opening
angles and sometimes clumpy structures. Finally, the imminent launch of JWST will allow for a more
complete census of the gas contained in outflows by detecting warmer gas alongside the cold
molecular material detected with ALMA.



Tuguldur Sukhbold

The Final Fates of Massive Binaries 

Notes:

The wealth of observational data on light curves, compact objects, and chemical abundances hold
critical clues on how massive stars live and die. However, the utility of these observables are
severely hampered due to our limited understanding of the explosion mechanism in core‐collapse
supernovae. We address this problem using a novel and efficient method of simulating supernovae
through calibrated neutrino‐driven explosions. Recently we have applied this approach to a
population of single stars and found a possible physical explanation for the "Red Supergiant
Problem". In this talk, I will present fresh results from its application to massive stars in binary
systems that have lost their envelope to its companion. Surprisingly, it turns out the explosions of
stripped stars do not make enough Nickel‐56 to explain the observed Type Ib/c light curves, which
goes against the decades long assumption that their optical displays are powered by radioactivity. I
will also report on related new developments that could significantly improve the results from
binary population synthesis calculations through realistic explosion landscape.



Jamie Tayar 

Calibrating Stellar Models in the Era of Precision Stellar Astrophysics 

Notes:

Different grids of stellar models predict different temperatures and luminosities for stars of the
same mass and age. In the past, these differences were much smaller than the measurement
uncertainties, and could therefore be ignored. However, in the era of TESS and Gaia, the
systematic uncertainties resulting from the choice of stellar model grid can now be significantly
larger than the formal measurement uncertainties when inferring the masses and ages of planet
host stars. I will show how these uncertainties vary as a function of luminosity, temperature, and
metallicity and discuss ways of accounting for this effect. While these uncertainties are a problem
for planet characterization, they represent an opportunity for improving our understanding of
stellar evolution. I will therefore also show that asteroseismic measurements of TESS dwarfs and
subgiants, as well as legacy data from the Kepler mission, can be used to constrain stellar physics.



Johanna Teske 

The Magellan‐TESS Survey: Year 1 

Notes:

Recent results on the characterization of small planets have presented two questions: (1) Do super‐
Earth (~1‐1.6 Rearth) and sub‐Neptune (~2‐3 Rearth) planets form the same or differently? and (2)
What is the precise and accurate planet mass‐radius relation in the <4 Rearth regime? The
Magellan‐TESS Survey (MTS) is designed to address these questions in a statistically robust, open
framework by by measuring the masses, host star compositions, and system architectures of ~30
small TESS planets across a range of insolation fluxes. In this talk I will give a Year 1 (of three) status
update on MTS, describing our results thus far including a few individually‐exciting small exoplanet
systems, and lessons learned that may be applicable to analogous programs in the North and/or
TESS extended mission. The products of this survey and others like it will feed directly into near‐
term (JWST, SDSS‐V) and longer‐term (LUVOIR, HabEx, OST, EELTs) projects intended to understand
how common Earth‐like planets are in the Galaxy.



Christopher Theissen

Planetary Collisions around Low‐Mass Stars: Constraining the Timescale for Collisions 

and Testing the Origin of the Kepler Dichotomy 

Notes:

Using the combined Kepler K2, Wide‐field Infrared Survey Explorer, and Gaia datasets, I investigate
low‐mass field stars exhibiting extreme mid‐infrared (MIR) excesses. These large excesses of MIR
flux around older main sequence stars (> 1 Gyr) are thought to originate from vast amounts of
orbiting dust, caused by late‐time collisions between terrestrial planets or large planetesimals. I will
estimate the timescale for late‐time planetary collisions using a dynamical model and stellar
rotation periods. I will also determine if dynamical instability (planetary collisions) can explain the
Kepler planet yield, and is a viable explanation for a phenomenon known as the "Kepler
dichotomy."



Andrew Vanderburg 

Planet Occurrence in the M67 Open Cluster

Notes:

Most stars are born in clusters, but only the most massive of these clusters remain intact for longer
than a billion years. The population of planets which form and evolve in such massive cluster
environments may show significant differences from planets around field stars. Using data from
NASA's K2 mission, we search for planets in the M67 open cluster. M67 has an age of 4 Gyr and a
metallicity similar to that of the Sun and field stars in the solar neighborhood, making it an ideal
test‐bed to study the effects of massive cluster birth environments on planet occurrence. We test
whether planets in M67 occur as frequently as those around field stars and compare our results for
small planets to previous surveys of this cluster focusing on larger planets.



Coral Wheeler

Sweating the small stuff: Or how I learned to START worrying and love the smallest galaxies

Notes:

The standard cosmological model, Lambda Cold Dark Matter Theory (LCDM), has been widely
successful in predicting the counts, clustering, colors, morphologies, and evolution of galaxies on
large scales, as well as a variety of cosmological observables. Despite these successes, several
challenges have arisen to this model in recent years, most of them occurring at the smallest scales —
those of dwarf galaxies (Mstar < 10^9 Msun). I will review current efforts by the galaxy formation
theory community to resolve these challenges within the LCDM framework, focusing on the latest
generation of cosmological hydrodynamic simulations that reach stellar particle masses of < 1000
Msun and order parsec spatial scales. I will include results from my own (GIZMO/FIRE2) simulations
of isolated dwarf galaxies (Mhalo ~10^10 Msun), run to z = 0 with 30 Msun and sub‐pc resolution,
sufficient (for the first time) to resolve the internal structure of individual supernovae remnants
within the cooling radius. This new generation of simulations allows us to probe smaller physical
scales than previously possible in cosmological simulations, and to make more detailed predictions
for the counts, star formation histories, kinematics, and chemical composition of the lowest mass
galaxies ever observed. I will give an overview of where these simulations match and, more
interestingly, fail to match existing observations, and discuss the future of LCDM in light of the
increasing emergence of the low surface brightness sky.



Siyao Xu 

Turbulent dynamo in diverse astrophysical environments

Notes:

As a fundamental problem of MHD physics, turbulent dynamo accounts for the growth and
maintenance of the cosmic magnetism in most of astrophysical settings. I will introduce my work on
turbulent dynamo in astrophysically significant regimes, such as the dynamo regime at a low
ionization fraction and the nonlinear dynamo regime. The analytical predictions of my theory are
consistent with existing dynamo simulations and our first supercomputer two‐fluid dynamo
simulations. The dynamo theory has important implications for star formation and cosmic ray
acceleration.



Shuo Zhang 

Notes:

Supermassive black holes (SMBHs) may spend the majority of their lives accreting at low rates
through radiatively inefficient, advection‐dominated accretion flow. Therefore, low‐luminosity SMBHs
could greatly outnumber their more active cousins, active galactic nuclei, thus are essential for our
understanding of SMBH activity cycles and their relationship to galaxy evolution. In particular, SMBHs
harbored in local galaxies are found to be remarkably under‐luminous. The best studied under‐
luminous SMBH is the closest such object to Earth, Sagittarius A*, located in the nucleus of our Milky
Way galaxy. In this talk, I will discuss how I have been probing the outburst history of Sagittarius A*
and how I plan to apply these techniques to SMBHs in nearby galaxies such as Andromeda. The
Galactic nucleus of the Milky Way galaxy also serves as an ideal lab to probe exotic physics. I would
like to introduce a new research direction of mine, to probe Galactic cosmic‐rays at MeV through PeV
energy scales. The goal is to eventually answer the question whether Galactic cosmic‐rays are from
ordinary astrophysical sources or of more exotic origin.

Supermassive Black Hole and Exotic Physics In the Galactic Nuclei of Nearby Galaxies



Vladimir Zhdankin

Notes:

Relativistic plasma turbulence plays a central role in high‐energy astrophysical systems such as black‐
hole accretion flows and their jets. The collisionless plasmas in these systems emit a copious amount
of energy in radiation, and thus radiative cooling strongly influences the overall energetics and
dynamics. To understand the fundamental and observable properties of turbulence in this exotic
regime, I will describe results from particle‐in‐cell simulations of driven turbulence in relativistic
radiative plasmas. Specifically, I will consider the consequences of strong external inverse Compton
cooling, of sufficient strength to balance energy injection and maintain a statistical steady state (for
an optically thin pair plasma). I will describe the statistics of turbulence and particles across a broad
range of magnetizations. Radiative cooling effectively thermalizes the particle population, with the
resulting quasi‐thermal energy distributions well fit by stochastic acceleration models. For high
magnetization cases, high‐energy particles (and hence the emitted photons) are beamed
intermittently in direction and in time. These high‐energy particles spatially coincide with current
sheets, suggesting that localized magnetic reconnection may be a mechanism for coherent kinetic
beaming. These kinetic beams provide a possible explanation for rapid flares in systems such as
blazar jets.

Kinetic beaming in radiative plasma turbulence 



George Zhou 

Characterising planets across the HR diagram via TESS 

Notes:

Nearly 25 years after the discovery of the first exoplanets, their formation is still not
fully understood. These planets are found in orbits of varying obliquities and
eccentricities, orbiting stars ranging from M‐dwarfs to A‐stars. One way to unveil for
their origins is to survey their properties across a range of stellar environments.

The properties of planets are intimately linked to the properties of their host stars, and
TESS is uniquely positioned to explore this link. I will detail our investigation for the
occurrence rates of close‐in Jovian planets across the main sequence, as measured via
TESS FFI observations. I will also detail our efforts to measure the orbital obliquities of
young planets made accessible by recent TESS discoveries.



Thomas Zurbuchen

Characterising planets across the HR diagram via TESS 

Notes:

Action without vision is only passing time, vision without action is merely day dreaming, but vision
with action can change the world.” Nelson Mandela visualized two principles, vision and action, and
their interconnectedness. At NASA Science, our transformative journey begins with history‐
changing events, and details the importance of small steps to achieve transformative science ‐
science that has the power to transform not only what we know, but how we think. NASA Science
tackles some of the most intimidating, visionary questions, and propels us forward through
actionable goals. In this talk, Dr. Zurbuchen showcases examples of how far one can go when teams
work together across traditional boundaries and realize that nothing in science is done in isolation.
Transformative leaps require in depth understanding of those actions, and a vision to enable
innovation. While humans setting foot on the lunar surface changed the course of space science
forever, it also led to the first small step of lunar exploration. It gave scientists a new vantage point
in space and Earth science and exploration. The moon landing was a turning point in history and
showed humanity that the sky was no longer the limit. From the moon to Mars, beyond the solar
system, and back to Earth, this transformative journey continues to shape our understanding of the
universe.
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