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Evidence Against Baryons Shaping the Matter Distribution in Cluster Cores

Peter K. Blanchard* Matt Bayliss?, Michael M cDonald?
(* University of California - Berkeley, 2Harvard-Smithsonian Center for Astrophysics,
3Massachusetts | nstitute of Technology )

Despite the growing number of galaxy clusters being disaa/e/hich exhibit strong gravitational
lensing, the process by which the mass density profile oktbkssters becomes centrally concen-
trated enough to produce high strong lensing cross-sectsonot well understood. It has been
suggested that the baryonic condensation of the intralusédium (ICM) due to cooling may
drag dark matter to the cores and thus steepen the profileisifivere the case, one would expect
to observe signatures of strong ICM cooling (e.g., steepycaaes, optical emission line nebulae,
star formation) in and around the central brightest clugédaxy. In this work, we search for such
evidence of ICM cooling in the first large, well-defined samplestrong lensing selected galaxy
clusters in the redshift rangel0< z < 0.6. Based on the known correlations between cooling
rate and both optical emission line luminosity and spectic ®ormation, as traced by [OIl]3727
emission and the 4000 angstrom break strength, respgctivelmeasure the fraction of clusters
that have cooling signatures in a new sample of hundredsaigtensing clusters, and compare
this result to that in a control sample of thousands of offfieselected galaxy clusters. Our results
argue against the ability of baryonic cooling in the coregalfixy clusters to strongly modify the
underlying dark matter potential, leading to an increasgriong lensing cross-sections. This work
is supported in part by the NSF REU and DOD ASSURE programs ux8Eergrant no. 0754568
and by the Smithsonian Institution.

Piercing The Continuum of WISE Selected Blazars

Philip Cowperthwaite! Howard A. Smith?, Raffaele D’ Abrusco?, Francesco M assar 0®
Alessandro Paggi?

(*University of Maryland-College Park, 2Harvard-Smithsonian Center for Astrophysics,
3Sanford )

Blazars are a particularly interesting subclass of activaaja nuclei (AGN) because they show
rapid variability over several decades of energy, strombvamiable polarization, and a host of rela-
tivistic effects including a Doppler-boosted spectrum egldtivistic jets with apparent superlumi-
nal motion. Our recent work with WISE archival data has res@dhe distinct nature of blazar IR
colors, showing that WISE detected blazars lie in a uniqusnegf the [34] —[4.6] —[12] micron
color-color diagram. This region is even more defined whes @msiders only gamma ray de-
tected blazars. We investigate the physical mechanismisddhese diagnostics by examining
archival spectroscopic data for a selection of WISE detelokerhrs that have also been observed
by Spitzer-IRS. Our analysis focuses on a subsample of 1&isldlzat display no prominent line
or dust features in the infrared. We present our attemptsc¢arately model the continuum of
these objects. The removal of this continuum reveals theepiee of potential silicate or other
dust emission features around 10 microns. We comment oratftity of these features and their
potential as a diagnostic of host galaxy properties. Thikugsupported in part by the NSF REU
and DOD ASSURE programs under NSF grant no. 0754568 and byntites®nian Institution.



New Star Formation Rate Estimatesfor the Star For mation Reference Survey
Using Herschel/ PACS and SPIRE

Emmet Golden-Marx?, M.L.N. Ashby?, L.Lanz?, H. Smith?, and J.Zhang?
(*Brown Unwviversity, 2Harvard-Smithsonian Center for Astrophysics)

We evaluated the potential of new FIR photometry collectethk Herschel Space Observatory to
improve star formation rate (SFR) estimates in 87 nearbyxgeddhat previously only had IRAS
photometry. We obtained #5600 micron photometry from Herschel PACS and SPIRE, added it
to our existing GALEX/SDSS/2MASS/IRAC/MIPS database, andleted the resulting spectral
energy distributions with MagPhys. The Herschel/PACS 10&rom photometry is systematically
lower than the IRAS 100 micron photometry by about 20%, butR#S and PACS measurements
are otherwise consistent. We calculated the global SFRepthsses, dust luminosities, and stellar
masses for each Herschel-observed galaxy in our sample d Basthe MagPhys modeling, we
found that the total modeled SFRs are significantly lower theaviously inferred from IRAS
alone and that at least some of the difference is attribetab portion of the FIR emission being
excited by a quiescent stellar population. This work is sufgal in part by the NSF REU and
DOD ASSURE programs under NSF grant no. 0754568 and by thénSomian Institution.

Properties of High-Redshift Quasars

Lia Medeiros (University of California - Berkeley) ; Aneta Siemiginowska,
M algor zata Sobolewska (Harvard-Smithsonian Center for Astrophysics)

We present results from a study of a sample of 144 SDSS quaghmmeasured black hole masses.
The sample consists of 84 high-redshuft(2.5) radio-loud quasars with black hole masses derived
from CIV line widths, and 60 low-redshift quasarsfk z < 2.2) with mass measurements based
on the FWHM of both the Balmer and CIV lines. We applied a powernawdel to the baseline
continuum to derive the spectral index and the luminositsi0 A. Using a standard accretion
disk model, we derived the maximum disk temperature, thesroithe central black hole, the mass
accretion rate, the disk luminosity, and the Eddington hosity ratio. We found that quasars in
the high redshift sample had slightly lower black hole magk®(M /M) = 8.3 to 94) compared

to the low redshift sample (loly{/M, = 8.6 to 95). The range of accretion disk temperatures in the
high-redshift quasars extended toward higher values thémei low redshift sample (2 10°K to
10°K versus 2x 10K to 7 x 10* K, respectively). The high redshift sample was characterizy a
median Eddington luminosity ratio of®as opposed to.0 for the low redshift sample, confirming
that quasars were growing more rapidly in the early univerge found the precision of the black
hole mass estimation method based on the standard acadetiomodel to be comparable to that
relying on the properties of the CIV line. In the future, oursmaneasurement method could be
applied to the photometric data of SDSS quasars that lackrgseopic information. This work is
supported in part by the NSF REU and DOD ASSURE programs undergd&t no. 0754568,
by NASA contract NAS8-39073, and by the Smithsonian Ingttu



Discovery of the Ultraluminous Type | In Supernova PS1-11vo

Ryan McKinnon!, A. M. Soder berg?, E. Berger?, R. Chornock?, |. Czekala?, D. Milisavljevic?,
R. Margutti?, M. R. Drout?, P. J. Challig, S. Gezari®, M. E. Huber*, W. S. Burgett?, K.
C. Chambers?, T. Grav®, J. N.Heasey*, K. W. Hodapp*, R. Jedicke, N. Kaiser, R.-P. Ku-
dritzki, G. A.Luppino, 4, R. H. Lupton®, E. A. Magnier4, D. G. Monet’, J. S. Morgan*, P.
M. Onaka*, P. A. Price?, C. W. Stubbs?, J. L. Tonry*, R. J. Wainscoat* (*Yale University,
2Harvard-Smithsonian Center for Astrophysics, 3University of Maryland-College Park, “University
of Hawaii, ®Johns Hopkins University, ®Princeton University, ‘US Naval Observartory-Flagstaff,
8Dept of Physics,Harvard University)

We report the discovery by the Panoramic Survey Telescogdrapid Response System 1 (Pan-
STARRS1 or PS1) of PS1-11vo, a Type lin supernova (SX¥#&t 116 with a peak r-band absolute
magnitude of M =-20.4. We also present optical spectroscopic observationstiepache Point
Observatory Echelle Spectrograph, the Gemini Multi-Obfgectrograph, and the MMT Blue
Channel Spectrograph over a period of roughly one year aftimctdon. PS1-11vo is one of the
longest lived, most luminous supernovae (SNe) ever digeohvand the highest quality SN IIn doc-
umented by Pan-STARRS1. The Pan-STARRS1 photometric obsmrsatidicate maximum was
reached roughly 50 days after the time of explosion, durihgclwvthe SN rose by approximately
5mag. Spectra of PS1-11vo display a prominent hydrogeraapfission line and P Cygni pro-
file, typical of SNe lIn. We compare the photometric and sqsciopic observations of PS1-11vo
to those of other SNe ll, including several recent ultralumois SNe IIn. Finally, we examine its
spectral energy distribution to model various parametéth® SN and its host environment at
5 days past maximum, estimating a peak luminosity of L5>410% ergs s* and an initial Nickel-
56 mass of &M,. This work is supported in part by the NSF REU and DOD ASSURE 1anog
under NSF grant no. 0754568 and by the Smithsonian Instituti

Exploration of I nfrared Variability of Young Disksin Taurusand Chamaeleon

Margaret E. Landis (Northern Arizona University),
Dr. Catherine Espaillat (Harvard-Smithsonian Center for Astrophysics)

Variability at mid-infrared wavelengths is known to be attea of Class Il young stellar objects
(YSOs). In this study, we characterize the variability afyously identified Class 1l YSOs in the
Taurus and Chamaeleon star forming regions, including new fiem the Wide Field Infrared
Survey Explorer (WISE) in addition to data gathered by theizZ&piSpace Telescope Infrared
Array Camera (IRAC), Infrared Spectrometer (IRS), and Multdbémaging Photometer (MIPS).
We compiled data on 161 Class Il YSOs in Taurus and 70 Class llsYi8@hamaeleon. We
compared IRAC and MIPS data to WISE data and detected vatjaibilihe YSOs in the two study
regions. In general, we found a tendency towards disks vagis @nd holes displaying different
variability than full disks. We link these differences inriability between full and transitional/pre-
transitional disks to their distinct disk structures. Twigrk is supported in part by the NSF REU
and DOD ASSURE programs under NSF grant no. 0754568 and byntitas®nian Institution.



The Hunt for Recoiling Black Holes: Sifting through COSM OS Data

Becky Nevin (Whitman College)
F. Civano, A. D. Goulding (Harvard-Smithsonian Center for Astrophysics)

With the exception of the Bonning et al. (2008) systematices SDSS for recoiling supermas-
sive black holes (SMBHS), which produced a null result, reegiSMBHSs have only been detected
and studied on an individual basis. The COSMOS survey, imatudornerstone data from the
HST’s Advanced Camera for Surveys, provides the unique dppidy to perform a comprehen-
sive search for candidate recoiling SMBHSs through the idieation of their optical signature (a
bright point source offset from the galactic center). Usialfit,we perform a surface brightness
decomposition analysis of 4835 galaxies selected with initades 183 < i < 215, and redshifts
0.2 < z< 0.5 to isolate candidate recoiling SMBHs. We model the galawigls a combination
of Sersic profiles plus an unresolved component to reprothe@uclear light, and we measure
the separation between the peaks of the different compsngve find 14 ((29%) and 4 (008%)
sources with separation larger than 3 ang Eespectively, with respect to the overall distribution.
This work is supported in part by the NSF REU and DOD ASSURE nogrunder NSF grant
no. 0754568 and by the Smithsonian Institution.

Under standing M ass Segregation in Star Forming Regions

Kayla Jaye Redmond (University of North Carolina - Asheville)
Helen Kirk, Stella Offner (Harvard-Smithsonian Center for Astrophysics)

There is currently much debate over whether clusters foastar forming regions are born mass-
segregated or if the segregation is a result of dynamic &walin the first few million years. We
examine this question using minimal spanning trees to aeatymulations of molecular clouds
forming stars. Mass segregation occurs when the most neastsiis are preferentially located near
the cluster center. To determine whether mass segregatmnsy we employ minimal spanning
trees to establish distances between cluster members anactdrize the mass distribution. Our
analysis shows that the most massive young stellar objeetsear the cluster centers, and inves-
tigating this mass segregation over time reveals that theswestars form near the center rather
than migrating there. We demonstrate that mass segregatmmordial because the most mas-
sive young stellar object (YSO) remains closer to the clustater compared to the median mass
member. This work is supported in part by the NSF REU and DODWSIS programs under NSF
grant no. 0754568 and by the Smithsonian Institution.



Blowing Bubblesin the Intracluster Medium: The Growth
and Evolution of Radio L obesfrom Active Galactic Nuclei

Bryan A. Terrazas (Columbia University)
Paul E. J. Nulsen (Harvard-Smithsonian Center for Astrophysics)

Observations from Chandra have allowed detailed analyseawuities created by radio lobes in
the X-ray emission of galaxy clusters. These lobes are thtadiogheat galaxy clusters and provide
a solution to the cooling flow problem, but their impacts greged over time are not known. We
provide a simple model for the evolution of a radio lobe inastr atmosphere. The motion of
a lobe is determined by its pressure and the pressure andydeihthe surrounding atmosphere.
The model assumes the lobe is made up of three componentspeake a magnetic field, and non-
radiating particles. These three components evolve dueptats from the jet, changing external
pressure, and radiative losses. The synchrotron specftrtiva mbe is computed from the electron
distribution and magnetic field strength. We chose to mdaelsources 2A 0335+096, A2052,
A2199, A478, and A4059 with data from Birzan et al. (2008). Gomple model is able to match
observed radio fluxes at frequencies 327, 1400, 4500, ar@iNb2. Although the simple model
works well, the number of free parameters and the lack of kitaiess how well we can constrain
the properties of these systems. Using lower frequency rdalia and a more complete physical
model will enable better measurements of the impacts o&ulistadio galaxies on their cluster
hosts in the future. This work is supported in part by the NSERREd DOD ASSURE programs
under NSF grant no. 0754568 and by the Smithsonian Instituti

Variability of Massive Young Stellar Objectsin Cygnus-X

Nancy Thomas (University of Washington)
JoeHora, Howard A. Smith (Harvard-Smithsonian Center for Astrophysics)

Young stellar objects (YSOs) are stars in the process ofdban. Several recent investigations
have shown a high rate of photometric variability in YSOsedm and mid-infrared wavelengths.
Theoretical models for the formation of massive starsl(QM.) remain highly idealized, and little
is known about the mechanisms that produce the variabflityongoingSpitzer Space Telescope
program is studying massive star formation in the Cygnusegjore In conjunction with th&pitzer
observations, we have conducted a ground-based nearedfvaserving program of the Cygnus-X
DR21 field using PAIRITEL, the automated infrared telescop&/haipple Observatory. Using the
Stetson index for variability, we identified variable oligeand a number of variable YSOs in our
time-series PAIRITEL data of DR21. We have searched for paitycamong our variable objects
using the Lomb-Scargle algorithm, and identified periodidable objects with an average period
of 8.07 days. Characterization of these variable and periodiectdjwill help constrain models
of star formation present. This work is supported in parthy NSF REU and DOD ASSURE
programs under NSF grant no. 0754568 and by the Smithsomsitution.



