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Yale University is happy to be hosting the 27th annual New England Regional Quasar 
and AGN Meeting. This one day meeting is held each year in late spring, rotating 
between the six sponsoring institutions (and occasionally other sites) with the aim of 
promoting collaboration between scientists in the New England area who are studying 
active galaxies, quasars, and the supermassive black holes that power them. The 
meeting is meant to be relaxed and has always proved a very enjoyable experience 
where both established and younger scientists can present their work and converse 
with one another.


At the end of the meeting we have time allotted for a brief discussion. The aim of this is 
to summarize and discuss the many ideas that will be presented throughout the day 
and to establish ideas of what the future holds for quasar and AGN science, particularly 
bearing in mind that the 2020 decadal survey is approaching.


Feel free to use your own laptop for your talk, or you can email your talk to Michael 
Tremmel (michael.tremmel@yale.edu). Keynote, powerpoint, or pdf would work fine.


Looking forward to an interesting meeting!


Local Organizing Committee: 

Vivienne Baldassare

Fabio Pacucci

Michael Tremmel

Allison Kirkpatrick

Meg Urry




Program 
Contributed talks are 5 minutes with 2 minutes for questions


9:00-9:55am Coffee and Poster Set-up

9:55-10:00am Welcome and Introduction

Meg Urry, Yale University

10:00-10:30am Session: Missions and Large Surveys

Chair: TBD

Jon Trump University of 
Connecticut

SDSS-RM: Industrial-Scale Light Echo 
Mapping

Paul J Green SAO The Black Hole Mapper Project of SDSS-V

Herman Marshall MIT Arcus, a High Resolution X-ray 
Spectroscopy Mission

Dan Schwartz SAO Lynx News

10:30-10:45am Short Break



10:45 - 11:35am Session: Elusive AGN

Chair: TBD

Kohei Ichikawa Columbia 
University/
Tohoku 
University

BAT AGN Spectroscopic Survey: The 
Covering Factor of Dust and Gas in Swift/
BAT Active Galactic Nuclei

Mislav Balokovic CfA Understanding AGN Obscuration: Insights 
from Broadband X-ray Spectroscopy

Kelly Whalen Dartmouth 
College

Probing the Difference between Host Halos 
for Obscured and Unobscured Quasars

Wei Yan Dartmouth 
College

NUSTAR and Keck Observations of Heavily 
Obscured Quasars Selected by WISE

Alberto Masini Dartmouth 
College

Exploiting the NuSTAR hard bands to 
unveil buried AGN

Vivienne 
Baldassare

Yale University Nuclear optical variability across stellar 
mass

Claire Dickey Yale University Evidence for AGN in Low-Mass Quenched 
Galaxies



11:35am- 12:10pm Session: Theory and Simulations

Chair: TBD

Mackenzie Jones Dartmouth 
College

Where do AGN hide? Leveraging Universal 
Black Hole Accretion in a Semi-Numerical 
Galaxy Formation Model

Angelo Ricarte Yale University Semi-analytic Models of Supermassive 
Black Hole Assembly

Andrew Chael CfA The Role of Electron Heating  Physics in 
Images and Variability of Sagittarius A*

Michael Tremmel Yale University A Song of Fire and Feedback: Quenching 
Galaxies with large-scale, AGN-driven 
Outflows 

Urmila 
Chadayammuri

Yale University The AGN-Merger Connection in 
Cosmological Simulations of Galaxy 
Clusters

12:10 - 1:45pm Lunch (Provided) and Posters

1:45 - 2:45pm Invited Talk: Priya Natarajan




2:45-3:20pm Session: The Physics of Accretion

Chair: TBD

Zachary Weaver Boston 
University

Micro-Variability of the Blazar 3C454.3 
during the June 2016 Outburst

Bradford Snios CfA Temporal Variability and Proper Motion of 
the X-ray Knots of Centaurus A

Qi Feng Columbia 
University

 News on TeV Jets from VERITAS

McKinley 
Brumback

Dartmouth 
College

Discovery of Pulsation Dropout and Turn-
on During the High State of the Accreting 
X-Ray Pulsar LMC X-4

Alan Marscher Boston 
University

Disk-Jet Connection in the Radio Galaxy 
3C 120

Mojegan Azadi CfA The Non-Thermal Contribution From the 
Radio Structures at Infrared Wavelengths in 
Radio-Loud AGN

Shuo Zhang MIT Discovery of a >40 keV Feature in the 
Galactic Center: Outflow of Sgr A*?

3:20-4:10 Coffee and Posters




4:10-5:00 Session: AGN Across Cosmic Time

Chair: TBD

Francesca 
Fornasini

SAO Low-luminosity AGN and X-ray binary 
populations in star-forming galaxies 

Emmet Golden-
Marx

Boston 
University

The Spatial Position of AGN in the High-
Redshift Clusters Occupied by Bent Radio 
AGN (COBRA) Survey

John Wardle Brandeis 
University

New JVLA Observations of a Complete 
Sample of Radio Loud Quasars Between 
Redshifts 2.5 and 5.28

Yasaman 
Homayouni

University of 
Connecticut

Mapping the Growth of Supermassive 
Black Holes

Dale Kocevski Colby College Elevated Black Hole Growth in the 
Progenitors of Compact Quiescent 
Galaxies at z=2 

Susanna Bisogni CfA Quasars as cosmological probes

Dan Schwartz SAO Search for X-ray Jets From High Redshift 
Radio Sources.

5:00-5:30pm Open Discussion

5:30pm - Reception and Posters



Abstracts - Oral Presentations 

Missions and Large Surveys


SDSS-RM: Industrial-Scale Light Echo Mapping

Jon Trump, University of Connecticut	 jonathan.trump@uconn.edu


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


The Black Hole Mapper Project of SDSS-V

Paul J Green, SAO	 pgreen@cfa.harvard.edu


SDSS-V, starting in 2020, is the first all-sky, time-domain spectroscopic survey , with 
observational capabilities that will remain unmatched for the foreseeable future. The 
Black Hole Mapper program within SDSS-V will enable us to understand quasars as 
dynamical phenomena -- through both reverberation mapping and direct black hole 
mass estimates from multi-epoch spectroscopy that samples time-scales from days to 
more than a decade. SDSS-V BHM will also be the only dual-hemisphere 
spectroscopic complement to the eROSITA mission, unveiling the nature of X-ray 
sources across the sky.  



Arcus, a High Resolution X-ray Spectroscopy Mission

Herman Marshall, MIT	 	 hermanm@space.mit.edu


I will provide a news update about Arcus, which is in phase A study as a potential 
NASA MidEx mission. Arcus will have an effective area in the 0.2-1.0 keV band about 
100x that of the Chandra HETGS with a spectral resolving power better than 3000 
across the band. I will provide an overview of the mission and possible science 
programs on active galactic nuclei. 


Lynx News

Dan Schwartz, SAO	 das@cfa.harvard.edu


I will update the status of the Lynx study, being prepared for submission to the 2020 
Decadal review. Lynx will be a 2 m^2, 0.5" half-power-diameter mirror will state of the 
art gratings and focal plane cameras. The team has recently submitted its interim 
report. Current major activities are the refinement of the spacecraft and mission 
concept, and a process to arrive at a consensus on which of three different mirror 
technologies will be presented.




Elusive AGN

BAT AGN Spectroscopic Survey: The Covering Factor 
of Dust and Gas in Swift/BAT Active Galactic Nuclei

Kohei Ichikawa, Columbia U./Tohoku U.		 k.ichikawa@astro.columbia.edu


We quantify the luminosity contribution of AGN to the 12 um, mid-infrared (MIR; 5-38 
um), and the total IR (5-1000 um) emission in the local AGN detected in the all-sky 70-
month Swift/Burst Alert Telescope (BAT) ultra hard X-ray survey. We decompose the IR 
spectral energy distributions (SEDs) of 587 objects into the AGN and starburst 
components using AGN torus and star-forming galaxy templates. This enables us to 
recover the AGN torus emission including the low-luminosity end, down to log (Lx/erg 
s^{-1}) ~41, which typically have significant host galaxy contamination. The sample 
demonstrates that the luminosity contribution of the AGN to the 12 um, the MIR, and 
the total IR band is an increasing function of the 14-150 keV luminosity. We also find 
that for the most extreme cases, the IR pure-AGN emission from the torus can extend 
up to 90 um. The obtained total IR AGN luminosity through the IR SED decomposition 
enable us to estimate the fraction of the sky obscured by dust, i.e., the dust covering 
factor. We demonstrate that the median of the dust covering factor is always smaller 
than that of the X-ray obscuration fraction above the AGN bolometric luminosity of log 
Lbol >= 42.5. Considering that X-ray obscuration fraction is equivalent to the covering 
factor coming from both the dust and gas, it indicates that an additional neutral gas 
component, along with the dusty torus, is responsible for the absorption of X-ray 
emission. 



Understanding AGN Obscuration: Insights from 
Broadband X-ray Spectroscopy

Mislav Balokovic, CfA	 	 mislav.balokovic@cfa.harvard.edu


Despite the long history of studies of active galactic nuclei (AGN), the nature of dusty 
tori, which hide the central engine of obscured AGN, remains unclear. Broadband X-ray 
spectroscopy provides unique insight into the anatomy of AGN that has thus far been 
under-explored. High-energy "hard" X-rays penetrate even heavy obscuration, enabling 
us to study the properties of the obscuring matter and the gas surrounding the central 
engine. The most sensitive instrument in this energy range to date is the Nuclear 
Spectroscopic Telescope Array (NuSTAR). Making use of the newly developed libraries 
of theoretical spectral templates, we recently constrained the basic parameters of AGN 
tori -- the covering factor and the globally averaged column density -- in a large and 
representative sample of more than a hundred AGN observed with NuSTAR in a survey 
of obscured AGN in the nearby universe (z<0.1). I will summarize what we learned 
about the nature of AGN obscuration from analyses of their X-ray spectra, and the 
implications for better understanding heavily obscured AGN abundant at higher 
redshift. I will also outline a path forward to constraining the size, clumpiness, 
dynamics, and the relation of the torus to the rest of the accretion flow and to the host 
galaxy.


Probing the Difference between Host Halos for 
Obscured and Unobscured Quasars

Kelly Whalen, Dartmouth College	 	 kelly.e.whalen.gr@dartmouth.edu 

Wide-field infrared surveys have allowed us to better understand obscured quasars. 
Recent cross-correlation and clustering measurements of obscured and unobscured 
quasars have shown us that obscured quasars preferentially inhabit more massive 
parent dark matter halos than their unobscured counterparts, in direct opposition to 
simple unified ("torus") models of quasar structure (DiPompeo et al. 2017b). However, 
there are also evolutionary models that show that obscuration could be a phase in the 
course of a quasar’s lifetime, which would allow for a discrepancy in dark matter halo 
masses (DiPompeo et al. 2017b). Another possibility, raised by recent observations of 
local AGN, is that the covering factor of AGN tori depends strongly on Eddington ratio 
(Ricci et al. 2017). Here, we construct a simple model using known halo mass and 
Eddington ratio distributions as well as empirical relationships between obscuring 
fraction and Eddington ratio to predict the halo masses of obscured and unobscured 
quasars. We find that these effects could produce the observed quasar clustering 
results, but only for a relatively narrow set of relationships between AGN obscuration 
and Eddington ratio.




NUSTAR and Keck Observations of Heavily Obscured 
Quasars Selected by WISE

Wei Yan, Dartmouth College		 wei.yan.gr@dartmouth.edu


New infrared and hard X-ray observations are allowing us to probe a population of 
extremely heavily obscured, powerful AGN that were previously inaccessible in X-ray 
surveys. Here we report NuSTAR observations of four WISE-selected heavily obscured 
quasars for which we have optical spectroscopy from the Southern African Large 
Telescope and W. M. Keck Observatory. Three of the four objects are undetected with 
NuSTAR at 3-24 keV, while the fourth has a marginal detection. We compare X-ray and 
IR luminosities to obtain estimates of the hydrogen column densities (N_H) that are at 
or greater than 10^25 cm^-2. Thus we confirm that WISE and optical selection can 
identify very heavily obscured quasars that may be missed in X-ray surveys, and do not 
contribute significantly to the cosmic X-ray background. From the optical Balmer 
decrements obtained from Keck spectra, we found that our three extreme obscured 
targets lie in highly reddened host environments. This galactic extinction is not 
adequate to explain the more obscured AGN, but it may imply a different scale of 
obscuration in the galaxy.


Exploiting the NuSTAR hard bands to unveil buried 
AGN

Alberto Masini, Dartmouth College		 alberto.masini@dartmouth.edu


NuSTAR has so far performed a number of extragalactic deep surveys, scanning the 
sky in the hunt of obscured AGN. However, the usually employed hard (8-24 keV) band 
may miss some rare and deeply buried AGN due to the shape of the NuSTAR 
background above ~15 keV. In this talk, I will present the benefits of splitting the usually 
employed NUSTAR hard band in two narrow sub-bands (8-16 keV and 16-24 keV), 
which led to the identification of two Compton-thick AGN previously missed by 
NuSTAR in the COSMOS and UDS fields. On the other hand, narrowing the hard band, 
some sensitivity is lost. I will also discuss the future prospects of employing such 
bands in wider surveys like the NuSTAR serendipitous one.  



Nuclear optical variability across stellar mass

Vivienne Baldassare, Yale University	 	 vivienne.baldassare@yale.edu


Increasing numbers of AGN in dwarf galaxies have been identified over the last several 
years, primarily using optical spectroscopy and X-ray observations. I will discuss our 
new approach of searching for AGN in low-mass galaxies using optical variability. 
Using a difference imaging analysis, we constructed light curves of 28,000 nearby 
galaxies in Stripe 82 which are also in the NASA-Sloan Atlas and thus have estimated 
stellar masses. We then analyzed the light curves for AGN-like variability. I will present 
a new sample of low-mass galaxies with variability-selected candidate AGN, as well as 
discuss the fraction of variability-selected AGN as a function of stellar mass. 


Evidence for AGN in Low-Mass Quenched Galaxies

Claire Dickey, Yale University	 	 	 claire.dickey@yale.edu


While there are many avenues to quench a low-mass galaxy in a group or cluster 
environment, pathways for quenching a low-mass galaxy in isolation remain uncertain. 
AGN are known to play a significant role in quenching high-mass galaxies, but their 
effect on galaxies at lower stellar masses remains poorly understood. Here, we 
investigate the lowest-mass quenched galaxies which exist in isolation [M* = 10^(9-9.5) 
M_sun; Geha et. al., 2012]. These galaxies may represent the lowest stellar mass 
population in which internal feedback effects are still able to quench galaxies. We 
compare this sample to corresponding quenched galaxies in the Virgo Cluster within 
our mass range of interest, as well as a sample of low-mass star forming galaxies in 
isolation. All 40 galaxies in our study were observed with the Keck/ESI spectrograph, 
making this a uniquely self-consistent dataset across a range of environments and star 
formation rates. We leverage the spatial resolution of the data to measure optical 
emission line ratios along the major axis of each galaxy and use the BPT diagram to 
distinguish between AGN, star-forming, and quenched spaxels. We identify a sub-
population of quenched low-mass galaxies in isolation which host AGN, suggesting a 
link between the presence of AGN and the internal quenching of low-mass galaxies. 




Theory and Simulations


Where do AGN hide? Leveraging Universal Black Hole 
Accretion in a Semi-Numerical Galaxy Formation 
Model

Mackenzie Jones, Dartmouth College	 	 mackenzie.l.jones.gr@dartmouth.edu


Observations of active galactic nuclei (AGN) allow us to trace the growth of black holes 
across cosmic time and investigate the impact of this growth on their host galaxies. 
Here we present results of modeling the underlying AGN population, accounting for 
observational biases and selection effects. First I will describe our new semi-numerical 
galaxy formation simulation including a universal AGN Eddington ratio distribution 
(Jones et al. 2016), showing that a simple model for AGN accretion can broadly 
reproduce the observed properties of host galaxies and halos of X-ray AGN (Jones et 
al. 2017). Furthermore, we find that the Eddington ratio distribution evolves with 
redshift, consistent with the behavior predicted by hydrodynamic simulations (Jones et 
al. 2018, in prep). Finally, I will present a synthesis model based on our simulation that 
investigates the AGN and their host galaxies and halos that make up the Cosmic X-ray 
background.


Semi-analytic Models of Supermassive Black Hole 
Assembly

Angelo Ricarte, Yale University	 	 angelo.ricarte@yale.edu


We have devised a semi-analytic model aimed at self-consistently explaining the 
assembly of supermassive black holes (SMBHs) using simple prescriptions for seeding, 
accretion, and dynamics. In this presentation, I discuss the insights we have gained by 
modeling these processes, as well as prospects for distinguishing between different 
models with future observatories. We find that merger-triggered accretion is sufficient 
to explain SMBH assembly up until z=2, while at lower redshifts a second mode of 
accretion is required to fully explain observed luminosity functions. We find that 
signatures of SMBH seeding are largely erased in most observables, and in others are 
tied to models of either accretion or dynamics. A Lynx deep field and gravitational 
wave events detected by LISA will each be helpful in distinguishing different classes of 
seeding models.




The Role of Electron Heating  Physics in Images and 
Variability of Sagittarius A*

Andrew Chael, CfA	 	 	 	 achael@cfa.harvard.edu


The accretion flow around the Galactic Center black hole Sagittarius A* (Sgr A*) is 
expected to have an electron temperature that is distinct from the ion temperature. To 
explore the effects of different plasma microphysics on observables from Sgr A*, we 
performed four two-temperature general relativistic radiative magnetohydrodynamic 
(GRRMHD) simulations of Sgr A*. We compare the Landau-damped turbulent cascade 
model used in previous works with a new prescription based on the results of particle-
in-cell simulations of magnetic reconnection. With the turbulent heating model, 
electrons are preferentially heated in the outflow, whereas with the reconnection model 
electrons are heated by nearly the same fraction everywhere. The spectra of the two 
models are similar, but the models heated by magnetic reconnection produce variability 
more consistent with the level observed from Sgr A*. All models produce 230 GHz 
images with distinct black hole shadows consistent with the image size measured by 
the Event Horizon Telescope, but only turbulent heating produces an anisotropic `disc-
jet' structure. None of our models can reproduce the observed radio spectral slope, the 
large near-infrared and X-ray flares, or the near-infrared spectral index, suggesting that 
non-thermal electrons are needed to fully explain the emission from Sgr A*. 


A Song of Fire and Feedback: Quenching Galaxies 
with large-scale, AGN-driven Outflows 

Michael Tremmel, Yale University	 	 	 michael.tremmel@yale.edu


Using a suite of cosmological simulations, we show how AGN-driven outflows are 
important for quenching star formation in massive galaxies. We demonstrate that the 
presence of AGN feedback can make galaxies sensitive to their formation history and 
that ongoing AGN feedback is required to prevent “red and dead” galaxies from 
rejuvenating their star formation. We also show that AGN feedback acts mainly by 
interacting with halo gas on large scales, rather than directly disrupting the host galaxy. 



The AGN-Merger Connection in Cosmological 
Simulations of Galaxy Clusters

Urmila Chadayammuri, Yale University	 	 urmila.chadayammuri@yale.edu


Energetic feedback from supermassive black holes (SMBHs) in the centres of galaxy 
clusters is crucial to explaining the gas properties and star formation rates in their 
hosts. Recent observations and theoretical work suggest that it is predominantly cold 
gas that fuels the SMBH. I analyze the simulated galaxy cluster RomulusC during 
various phases of its AGN duty cycle and in the aftermath of a relatively major merger. I 
show that while the in-falling substructure is originally a source of low-entropy fuel for 
the AGN, the dissipation of turbulent motions generated by the merger quickly 
suppresses precipitation, reducing AGN activity and dramatically elevating the core 
entropy to much larger scales than could have been affected by the AGN alone. This 
highlights the importance of cosmological effects in modeling the AGN-cluster 
connection.


The Physics of Accretion


Micro-Variability of the Blazar 3C454.3 during the June 
2016 Outburst

Zachary Weaver, Boston University	 	 	 zweaver@bu.edu


The violently variable blazar 3C454.3 underwent a uniquely-structured multi-frequency 
outburst in June 2016. While previous outbursts featured a decay timescale longer than 
the rising timescale, the June 2016 outburst featured a precipitous decay at both 
gamma-ray and optical wavelengths, with the source decaying in flux-density by a 
factor of 4 over a 24-hour period in the R-band. Optical intraday variability was 
observed on several nights near the peak of the outburst, and quasi-periodic optical 
micro-variability oscillations with an amplitude of 0.2 mJy and a characteristic 
timescale of 36 minutes were detected on June 25 (UT). Intrinsic timescales of 
variability, as well as upper-limits to the size of the emission region, are calculated for 
this outburst. The intraday variability, as well as fluctuations observed in optical linear 
polarization, can be explained by turbulence of the plasma in the relativistic jet. From 
the quasi-periodic micro-variability oscillations, the speed of rotation of turbulent 
vortices in the jet can be estimated as ~0.2c.




Temporal Variability and Proper Motion of the X-ray 
Knots of Centaurus A

Bradford Snios, CfA	 	 	 	 bradford.snios@cfa.harvard.edu


Centaurus A is the nearest, massive, early-type galaxy and has the nearest AGN with 
an active radio jet. Knotted structures have been observed in Centaurus A's jet in both 
radio and X-ray bands, and radio observations have shown proper motions for several 
knots. Investigation of proper motion is also possible in X-rays by exploiting Chandra's 
excellent spatial resolution. I will present evidence of temporal variability and proper 
motion from Chandra observations of Centaurus A. Difference maps over a 15-year 
timespan display brightness variations of 11-55% for several larger knots in the jet. 
These variations are used to estimate magnetic field strengths within the brightest 
knots of 120-150 muG. Other knots show an average projected proper motion of 
0.68c, or 0.17", consistent with radio observations. 


News on TeV Jets from VERITAS

Qi Feng, Columbia University	 	 	 	 qifeng@nevis.columbia.edu 

Multiwavelength observations with high angular and temporal resolutions probe the 
compact structures and emission mechanism of AGN jets. A handful of blazars have 
exhibited fast TeV gamma-ray flares. We present recent results from TeV gamma-ray 
(from VERITAS, Very Energetic Radiation Imaging Telescope Array System) and radio 
interferometry (VLBA, Very Long Baseline Array) observations of the blazar BL Lac, 
showing fast TeV gamma-ray flares coincidental with the emergence of superluminal 
radio knots. Such coincidence allows interpretations of a coherent scenario of jet 
particle flow and radiation. However, resolving jet structures of blazars is a challenging 
task due to the small viewing angle. On the other hand, a few radio galaxies, whose 
jets are misaligned with respect to our line of sight and therefore can often be resolved 
from radio to X-ray energies, have been detected at TeV gamma-ray energies. The 
combination of unresolved gamma-ray variability and the resolved activity at lower 
energies makes it possible to pinpoint the location of the TeV gamma-ray emission. In 
addition to the BL Lac results, we discuss the recent TeV gamma-ray discovery of the 
radio galaxy 3C 264 by VERITAS, and multiwavelength observations from high-
resolution instruments. 




Discovery of Pulsation Dropout and Turn-on During the 
High State of the Accreting X-Ray Pulsar LMC X-4

McKinley Brumback, Dartmouth College	      mckinley.c.brumback.gr@dartmouth.edu 

Two November 2015 NuSTAR observations of the luminous X-ray pulsar LMC X-4 
capture bright accretion flares from this source, which has a long history of stable 
pulse and superorbital behavior. We present a timing analysis of these data in which we 
detect a rapid pulse "turn-on” and "turn-off" in association with the accretion flares, 
during which the source reaches super-Eddington luminosities. These transient 
pulsations cannot be explained by the propeller effect, and potentially offer a 
connection between the accretion properties of pulsars that accrete close to their 
Eddington limits and super-Eddington accretors like ULX pulsars and AGN.


Disk-Jet Connection in the Radio Galaxy 3C 120

Alan Marscher, Boston University	 	 	 marscher@bu.edu


The FR 1 radio galaxy 3C 120 combines the features of Seyfert galaxies at optical and 
X-ray wavelengths with the relativistic radio-emitting jets of blazars. We have carried 
out a year-long program to monitor 3C 120 at optical, UV, and X-ray bands with the 
orbiting Neil Gehrels Swift Observatory, and with VLBA imaging at 7 mm. The UV-
optical continuum spectrum and R-band polarization can be explained by a 
superposition of a standard accretion disk with a synchrotron component containing a 
highly disordered magnetic field. The X-ray, UV, and optical flux variations are well-
correlated but with varying time delays from zero to days or weeks. Three dips in X-ray, 
UV, and optical flux occurred during the campaign, followed by the appearance of 
superluminal knots downstream in the parsec-scale jet. The recovery from the dips 
occurred later at longer UV-optical wavelengths, in contrast to the predictions of a 
model in which the inner accretion disk is disrupted during a dip, then refilled from 
outer to inner radii. An alternative scenario, in which changes in the corona first the 
affect the X-ray flux, then, via feedback to the disk, the UV and optical flux, explains 
the data better. This research was supported in part by NASA through the Swift Guest 
Investigator grant NNX16AN69G and {\it Fermi} Guest Investigator grants 
NNX14AQ58G and 80NSSC17K0649, and by National Science Foundation grant 
AST-1615796.




The Non-Thermal Contribution From the Radio 
Structures at Infrared Wavelengths in Radio-Loud AGN

Mojegan Azadi, CfA	 	 	 	 mojegan.azadi@cfa.harvard.edu


I present results on the spectral energy distribution analysis of radio loud quasars and 
galaxies from the 3CR sample at 1<z<2. I consider a multi-component model to fit the 
SED of the AGN from radio to optical/UV wavelengths. These components include a 
single or broken power-law at radio wavelengths, and a two phase torus model 
(clumpy and/or homogeneous disk) at MIR wavelengths. In radio galaxies an additional 
component is required to account for the radiation from the host galaxies. I investigate 
he non-thermal contribution from the radio structures at shorter wavelengths, and find 
that this contribution can be significant depending on the type of the AGN.


Discovery of a >40 keV Feature in the Galactic Center: 
Outflow of Sgr A*?

Shuo Zhang, MIT		 	 	 	 shuo@mit.edu


Using the NuSTAR telescope, we discovered a new hard X-ray source significant only 
above ~40 keV keV next to the Galactic center supermassive black hole Sgr A* and 
coinciding with the circumnuclear disk (CND). We are exploring whether this hard X-ray 
feature might be explained by Sgr A* outflow colliding into gas in the CND.




AGN Across Cosmic Time


Low-luminosity AGN and X-ray binary populations in 
star-forming galaxies 

Francesca Fornasini, SAO	 	 	 francesca.fornasini@cfa.harvard.edu 

We present an X-ray stacking analysis of ~75,000 star-forming galaxies between 
0.1<z<5 using the Chandra COSMOS Legacy survey to study the X-ray emission of 
low-luminosity AGN and its connection to host galaxy properties. The low-redshift 
stacks have luminosity limits as low as 10^{40}-10^{41} erg s^{-1}, a luminosity regime 
in which X-ray binaries (XRBs) can dominate the X-ray emission. Comparing the 
COSMOS stacks to established XRB scaling relations, we find that the redshift 
evolution of the luminosity per SFR of high-mass XRBs depends sensitively on the 
assumed obscuration and may be weaker than found by previous studies. After 
subtracting the estimated XRB contribution from the stacks, we find that most stacks 
at z>1.3 exhibit a significant X-ray excess indicating the presence of nuclear emission. 
Within each redshift bin, the AGN emission is strongly correlated with the galaxy stellar 
mass but does not exhibit an additional correlation with star formation rate. The 
hardness ratios of the high-redshift stacks indicate the AGNs are substantially 
obscured (NH~10^{23} cm^{-2}). The X-ray luminosities of the obscured AGN are 
consistent with accretion at an Eddington rate of ~10^{-3} onto 10^7-10^8 solar mass 
black holes. 



The Spatial Position of AGN in the High-Redshift 
Clusters Occupied by Bent Radio AGN (COBRA) 
Survey

Emmet Golden-Marx, Boston University		 emmetgm@bu.edu


Galaxy clusters are the largest gravitationally-bound systems in the universe. Although 
many spectroscopically confirmed low-redshift clusters are known, few high-redshift 
clusters have been found. To probe the earliest eras of cluster formation, we must find 
high-redshift clusters with a variety of morphological states and masses. Here, we 
present results from the Clusters Occupied by Bent Radio AGN (COBRA) Survey. The 
COBRA survey includes 646 bent, double-lobed radio sources selected from the VLA 
FIRST Survey, infrared observations from Spitzer, and optical observations from the 
Discovery Channel Telescope. The COBRA survey spans the redshift range 0.5 < z < 
3.0 and includes candidates with a wide range of masses and dynamical states. The 
bent radio morphology of these AGN results from interplay between the AGN host 
galaxy and the intracluster medium; the relative motion results in ram pressure acting 
on the lobes, bending them. Using our IR and optical data, we measure galaxy 
excesses, locate red sequence galaxies, and determine photometric redshifts. We find 
that at least 30% of our high-z bent radio sources are found in clusters or 
protoclusters. We analyze the spatial offset between our bent radio AGN and newly 
determined cluster centers estimated using the overdensity of red galaxies. 
Furthermore, we measure the surface density of all galaxies and red galaxies to better 
trace large-scale cluster morphologies and estimate dynamical states.


New JVLA Observations of a Complete Sample of 
Radio Loud Quasars Between Redshifts 2.5 and 5.28

John Wardle, Brandeis University	 	 	 wardle@brandeis.edu


Observations of this sample of 123 quasars were posted on astro-ph four years 
ago.They were based on a mixture of archival and new observations and were at a 
variety of resolutions and sensitivity. This sample has been reobserved with the 
upgraded JVLA in a uniform manner at 6 GHz in the A array. These have now all been 
imaged (including linear polarization). Forty of the sources have also been observed at 
22 GHz in the B array. Optical spectra from the SDSS are available for nearly every 
source, and we are also collecting all available X-ray observations.Together with 
observations of lower redshift quasars of similar luminosity, this is a prime sample for 
investigating the evolution with redshift of the radio properties of high luminosity 
quasars and their central black holes.




Mapping the Growth of Supermassive Black Holes

Yasaman Homayouni, U of Connecticut	 	 yasaman.homayouni@uconn.edu


I will present my most recent results on the physics of black hole accretion using direct 
accretion-disk size and structure measurements as a part of the pioneering Sloan 
Digital Sky Survey Reverberation Mapping (SDSS-RM) campaign. Supermassive black 
holes are now known to be ubiquitous, with a critical role in galaxy evolution implied by 
the tight connections between black hole mass and galaxy properties. But we still lack 
a basic understanding of how supermassive black holes grow. SDSS-RM 
simultaneously monitors 850 quasars, spanning a broad range of well-measured 
masses that are representative in quasar orientation and accretion rate. I will focus on 
how continuum reverberation mapping technique can expand our understanding of the 
physics of accretion by observationally connecting accretion-flow structure to black 
hole mass and accretion rate.


Elevated Black Hole Growth in the Progenitors of 
Compact Quiescent Galaxies at z=2 

Dale Kocevski, Colby College	 	 	 dale.kocevski@colby.edu


I will present our recent finding that compact star-forming galaxies (cSFGs) at z=2 host 
X-ray detected AGN at a rate three times greater than normal galaxies of similar mass 
and redshift. These cSFGs are likely the direct progenitors of the compact “red 
nuggets” observed at this epoch, which are the first population of passive galaxies to 
appear in large numbers in the early Universe. Our results are consistent with models in 
which cSFGs are formed through a dissipative contraction that triggers a compact 
starburst and concurrent growth of the central black hole. Our findings suggest that the 
first abundant population of quenched galaxies emerged directly following a phase of 
elevated supermassive black hole growth and further hints at a possible connection 
between AGN and the rapid quenching of star formation in these galaxies.  



Quasars as cosmological probes

Susanna Bisogni, CfA	 	 	 	 susanna.bisogni@cfa.harvard.edu


Quasars are among the brightest sources in the sky and the ones we can observe at 
the highest redshifts. However, the large variability in luminosity among the quasar 
population (and also within the same object) has never allowed to use them for 
cosmological purposes. We have recently started an investigation on a new, powerful 
method to turn quasars into high-redshift standard candles, based on the non-linear 
relation between the X-ray and UV emissions. This allows us to measure distances at 
high redshift and explore the space of cosmological parameters in a redshift range 
never explored before by any other cosmological probe. In this talk I will summarize 
recent results on this topic and present how a decisive improvement of this method 
can be achieved using a new sample of SDSS quasars with X-ray observations in the 
second release of the Chandra Source Catalog 2.0.


Search for X-ray Jets From High Redshift Radio 
Sources.

Dan Schwartz, SAO	 	 	 	 das@cfa.harvard.edu 

We are conducting a Chandra "snapshot" survey of 14 radio quasars at redshifts z>3. 
These are selected to have one sided, arc-sec scale radio structure, either a jet or lobe, 
and come from a complete, objectively-defined sample of sources with radio flux 
density > 70 mJy, and with a spectroscopic redshift from the SDSS. To date, 5 of 14 
sources have been observed, for about 10 ks each. Three show only the quasar, and 
one has a jet with an X-ray flux about 2% that of the core quasar. J0909+0354 shows 
interesting structure: a luminous quasar core, an X-ray lobe coincident with the radio 
lobe, a possible jet connecting the two, and an isolated X-ray source with a very small 
post facto probability of falling within 6.5" of the quasar. A VLBI jet in the quasar does 
not point toward either of the two other X-ray sources. This research is supported by 
Chandra grant GO8-19077X, and by NASA Contract NAS8-03060. 



Abstracts - Poster Presentations 
Column density distribution of candidate AGN lacking 
X-ray detections

Christopher Carroll, Dartmouth College      christopher.m.carroll.gr@dartmouth.edu


Dust extinction in obscured quasars allow us to observe their host galaxies and make 
connections between AGN emission and physical properties of their hosts. Using 
optical to mid-IR broadband photometry from SDSS, UKIDSS, and WISE, we model 
the spectral energy distributions (SEDs) for these systems with no prerequisite AGN 
selection and uncover dozens of powerful obscured quasars which lack hard X-ray 
counterparts in NuSTAR survey and serendipitous fields. At the NuSTAR flux limits, a 
lack of detection indicates extremely heavy obscuration with hydrogen column 
densities beyond 10^25 cm^-2$. We explore the hydrogen column density distribution 
of X-ray detected AGN and model the uncertainties in the X-ray-IR luminosity 
relationship to estimate the effects of obscuration on these heavily buried sources.


Radio Images of a Complete Sample of High Redshift 
Quasars

David Matthews and Jesse Reeves, Brandeis University    djm94@brandeis.edu


A complete sample of 123 quasars with redshifts greater than 2.5 and flux density 
above 70 mJy at 1.4 GHz was previously imaged using both archival and new 
observations at a variety of frequencies. This sample has been uniformly reobserved 
with the JVLA at 6.2 GHz. We imaged the entire sample and present images of the 58 
extended sources, which will soon be published as a new standard catalog for future 
high-redshift studies.


Gas Ionization, Kinematics and Spectral Energy 
Distribution of a Nearby AGN

Emily Golitzin, Dartmouth College	 	 	 emily.a.golitzin.18@dartmouth.edu


Analysis of gas ionization and kinematics surrounding AGN helps provide insight into 
the interplay between the AGN and their host galaxies. We analyze spatially resolved 
spectroscopy of the optical narrow-line region of UGC 03157, also known as SWIFT 
J0446+1828, a nearby galaxy that is dominated by an AGN in the nucleus but contains 
star-forming regions in the spiral arms. We also analyze the source's spectral energy 
distribution, which appears to be primarily dominated by star-forming activity. 




The Hidden Monster Driving NGC1266 into 
Quiescence 

Lauranne Lanz, Dartmouth College	 	 lauranne.lanz@dartmouth.edu


The role of AGN in the transition of galaxies from actively star forming to quiescence is 
still not fully understood, and is particularly challenging to study for AGN that are weak 
or hidden by obscuration or host dilution. NGC1266 is a transitioning galaxy, home to 
massive molecular outflow driven by its AGN. The turbulence injected into its 
interstellar medium by the outflow, indicated by its shocked optical gas ratios, may 
account for the suppression of its star formation activity by a factor of at least 50. 
While the AGN clearly has an important mechanical impact on NGC1266, its radiative 
qualities are more difficult to characterize. ALMA and CARMA measurements of dense 
gas tracers show that its nuclear region lies behind a column of at least N(H2) = 3 x 
10^24 cm^-2. Continuum ALMA observations marginally resolve a region of FIR 
emission within 30pc of the nucleus emitting L(IR) > 10^10 Lsun, which could be 
heated either by a luminous AGN or an ultracompact nuclear starburst. We use a deep 
Chandra observation combined with a NuSTAR observation of NGC1266 to determine 
the radiative properties of its AGN and thereby its contribution to the dust heating 
observed by ALMA with implications on the distribution of the star formation 
suppression.


Probing Blazar Jets on Parsec Scales with the VLBA

Mason Keck, Boston University	 	 	 	 keckm@bu.edu 

We present VLBA total and polarized intensity images of ten blazars observed at 22, 
43, and 86 GHz in 2014 April. We study the blazar jets closer to their base than 
previous VLBI observations at lower frequencies. We analyze the jet shape, structure of 
the magnetic field geometry, and the nature of the Faraday rotation screen in the inner 
parsec-scale jet. For 3C 273, we infer a shift in the VLBI core position as a function of 
frequency with power law index k~0.7. We compare various physical models to put 
together a consistent picture of the pc-scale jet.  



AGN hosts and halos in the distant Universe: 
Prospects for the future with Lynx

Ryan C. Hickox, Dartmouth College	 	 	 ryan.c.hickox@dartmouth.edu


In recent years, extragalactic surveys have made great strides in tracing the growth 
and evolution of black holes and their connections to galaxies and halos over most of 
cosmic history, from the local Universe to redshift 2 and beyond. However, the 
deepest, distant Universe remains relatively unexplored, and important questions 
remain about the emergence of “seed” black holes at z > 6, and their evolution over the 
first few Gyr up to the epoch of peak activity at z ~ 2. I will give a brief overview of our 
current understanding of distant AGN, focusing the ramp-up of growth from z~6 to 
z~2, and will discuss prospects for the future with upcoming facilities such as JWST, 
WFIRST, Athena, and Lynx. I will focus particularly on how the high throughput and 
exceptional angular resolution of NASA's Lynx X-ray concept mission can revolutionize 
our understanding of the growth of black holes, their host galaxies, and environments 
the early Universe. 


Multi-Wavelength Analysis of the Quasar CTA102 
during a Dramatic Outburst in 2016 December

Svetlana Jorstad, Boston University	 	 	 jorstad@bu.edu


The quasar CTA102 underwent a dramatic outburst from gamma-ray to

radio wavelengths in late 2016. The gamma-ray emission at 0.1-200 GeV rose

up to (12.1+-0.7)x10^{-6} phot/s/cm^2, with a significant flattening of the spectral 
index. The blazar reached an optical brightness level never observed previously, < 11 
mag in R band, and an increase of the radio flux density at millimeter wavelengths with 
the radio spectrum becoming inverse. We present analysis of multi-wavelength data 
during the event obtained at gamma-rays with the Fermi Large Area telescope, at X-
rays provided by the NuStar X-ray telescope and Swift XRT, and in UV bands measured 
at the Swift UVOT. We present optical spectra of the quasar obtained at the DCT during 
the outburst and discuss emission line behavior as well as optical polarization 
variability. We study changes in the parsec-scale jet of CTA102 using VLBA images at 
43 GHz and variability in mm-wave light curves obtained at Metsahovi Radio 
Observatory and Sub-Millimeter Array. 



