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Monday Abstracts 

9 December 2013 

 
Plenary Presentation I 

9:00am, Regency Ballroom 

Session Chair: R. Penrose 

 

Gravitational Waves, Neutron Stars, and Binary Pulsars 

Joseph Taylor (Princeton University) 

 
I look back over half a century of progress in three inter-related sub-fields of 
astrophysics. The treatment will be historical, anecdotal, and necessarily superficial in 
many places. I use the published proceedings of a number of earlier Texas Symposia as 
guides to the historical timelines. 

 

Plenary Presentation II 

9:45am, Regency Ballroom 

Session Chair: R. Penrose 

 

The Very Early Universe 

Paul Steinhardt (Princeton University) 

 

Parallel Session I: Early Universe I 

11:00am, Gold Room 

Session Chair: A. Ashtekar 

 

Signals from Before the Big Bang? Recent Results from WMAP and Planck. 
Roger Penrose (Oxford University) 

 
Conformal Cyclic Cosmology (CCC), first proposed in 2005, takes our current picture of 
the entire history of the Universe, from its Big-Bang origin (but without an inflationary 
phase) to its final exponential expansion, to be but one aeon of a continual succession 
of such aeons. The big bang of each is regarded as a conformal continuation of the 
exponentially expanding remote future of the previous one via an infinite metric 
rescaling—this substituting for inflation. A positive cosmological constant (dark energy) 
and some primordial scalar material (dark matter) are both essential to CCC’s 
consistency. The 2nd Law of Thermodynamics is CCC’s driving concept, and its 
consistency depends upon information loss in Hawking-evaporating black holes. 
Supermassive black-hole encounters in the aeon prior to ours would have important 
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observational implications for CCC, detectable within the cosmic microwave 
background. Recent evidence for this in both WMAP and Planck-satellite data will be 
presented. 
 
Scale-free Primordial Cosmology 
Anna Ijjas (Max Planck Institute for Gravitational Physics & Princeton University), 
Paul J. Steinhardt, Abraham Loeb (Princeton University, Harvard University) 

 
The large-scale structure of the Universe suggests that the physics underlying its early 
evolution is scale-free. This was the historic motivation for the Harrison-Zel’dovich-
Peebles spectrum and for inflation. Based on a hydrodynamical approach, we identify 
scale-free forms for the background equation-of-state for both inflationary and cyclic 
scenarios and use these forms to derive predictions for the spectral tilt and tensor-to-
scalar ratio of primordial density perturbations. For the case of inflation, we find three 
classes of scale-free models with distinct predictions. We show that the observationally 
favored class is theoretically disfavored because it suffers from an initial conditions 
problem and the hydrodynamical form of an unlikeliness problem similar to that 
identified recently for certain inflaton potentials. For the cyclic scenario, we find that 
there is only one class of scale-free solutions and that these problems do not arise. In 
current versions of cyclic cosmology, there is a requirement for a two-component fluid 
to enable the standard entropic mechanism for generating curvature perturbations. By 
imposing scale-freeness on both fluid components, we obtain the scale-free predictions 
for the spectral tilt and tensor-to-scalar ratio for the cyclic picture, and show them to be 
consistent with current observations. 
 
The Inflationary Origin of the Seeds of Cosmic Structure: The Need for Novel Physics 
and the Possible Gravitation-Quantum Theory Connection. 
Daniel E. Sudarsky [National Autonomous University of Mexico (UNAM)] 
 
The exquisite observations of the first traces of cosmic structure in the Cosmic 
Microwave Background by WMAP and PLANCK provide rich information about the era of 
their origin, and the data indicate they are in excellent agreement with the “predictions” 
of inflation. However as we shall see, that account is not fully satisfactory, as it does not 
address the transition from a homogeneous and isotropic early stage to a latter one 
lacking those symmetries. We will argue that New Physics is needed to account for such 
transition. Moreover, we will show that the observations can be used to constrain 
phenomenological proposals for such novel physical phenomena, and thus, can be used 
as clues in our investigations about their nature. We will argue that these might also 
shed light into outstanding issues connected with quantum gravity, such as “the 
problem of time” and the “information loss paradox in BH evaporation”. Some 
references: “On the Quantum Mechanical Origin of the Seeds of Cosmic Structure",  A. 
Perez, H . Sahlmman, & D. Sudarsky, CQG 23 , 2317 (2006); gr-qc/0508100; 
“Cosmological Constraints on Nonstandard Inflationary Quantum Collapse Models", S.J. 
Landau, C. G. Scoccola, D. Sudarsky, PRD 85, 123001, (2012); arXiv:1112.1830 [astro-
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ph.CO]; “CSL Quantum Origin of the Primordial Fluctuation"; P. Cañate, P. Pearl,  & D. 
Sudarsky, PRD 87, 104024 (2013); e-Print: arXiv:1211.3463[gr-qc]; “Quantum Origin of 
the Primordial Fluctuation Spectrum and its Statistics", G. L. García, S. J. Landau, & D. 
Sudarsky, PRD 88  023526 (2013);arXiv:1107.3054 [astro-ph.CO]; “Benefits of Objective 
Collapse Models for Cosmology and Quantum Gravity" E. Okon  &  D. Sudarsky. 
Submitted to Found. of Phys. ; arXiv:1309.1730v1 [gr-qc]. 

 
Consistency of Warm Inflation Models and Constraints from Planck 
Rudnei O. Ramos (Rio de Janeiro State University) 
 
Nonisentropic inflation models can sustain a thermal radiation bath during inflation by 
dissipative particle production, for instance the case of the warm inflation scenario. As a 
result of the presence of the radiation bath, we show that the amplitude of primordial 
curvature perturbations is enhanced and that this is particularly significant when a non-
trivial statistical ensemble of inflaton fluctuations is also maintained. Since gravitational 
modes are decoupled from the radiation bath for energies well below the Planck scale, 
the presence of the thermal radiation bath and/or a non-vanishing statistical ensemble 
for the inflaton generically lowers the tensor-to-scalar ratio and yields a modified 
consistency relation for warm inflation, as well as changing the tilt of the scalar 
spectrum. We show that this alters the landscape of observationally allowed inflationary 
models, for example, with the quartic chaotic potential being in very good agreement 
with the Planck results for nearly-thermal inflaton fluctuations, whilst essentially ruled 
out for an underlying vacuum state. The same effect may act on other simple models 
making them in agreement with the Planck data within a renormalizable model of warm 
inflation. 
 
Primordial Fluctuations from Deformed Heisenberg Algebras 
Sanjeev S. Seahra (University of New Brunswick) 
 
We study the generation of primordial fluctuations during inflation when the 
fundamental quantum commutator between the inflation's amplitude and momentum 
receives short distance corrections. We compare our results to current Planck 
observations of the CMB and discuss the feasibility of observing effects in future probes 
of baryon acoustic oscillations. 

 
Parallel Session I: Testing Gravity I 

11:00am, Parisian Room 

Session Chair: J. Dossett 

 

Inflationary Instabilities of Einstein-Aether Cosmology 
Adam R Solomon (University of Cambridge), 
John D. Barrow (University of Cambridge) 
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We examine the consequences of the Lorentz violation during slow-roll inflation. We 
consider a canonical scalar inflaton coupled, through its potential, to the divergence of a 
fixed-norm timelike vector field, or "aether." The vector is described by the Einstein-
aether Theory, a vector-tensor model of gravitational Lorentz violation. We derive and 
analyze the cosmological perturbation equations for the metric, inflaton, and aether. If 
the scale of the Lorentz violation is sufficiently small compared to the Planck mass, and 
the strength of the scalar-aether coupling is suitably large, then the spin-0 and spin-1 
perturbations grow exponentially and spoil the inflationary background. The effects of 
such a coupling on the CMB are too small to be visible to current or near-future CMB 
experiments; unusually, no isocurvature modes are produced at first order in a 
perturbative expansion around the aether norm. These results are discussed for both a 
general potential and a worked example, m2 phi2 inflation with a quadratic scalar-aether 
coupling term. 
 

Dark Energy Perturbations and Robust Cosmological Tests of General Relativity 
Jason N Dossett (The University of Queensland), 
Mustapha Ishak (The University of Texas at Dallas) 

 
Cosmological tests to distinguish between dark energy (DE) and modifications to gravity 
are a promising route to obtain clues on the origin of cosmic acceleration. We compared 
the robustness of these tests to the presence of DE density, velocity, and anisotropic 
stress perturbations. We found that the dispersion in the growth index parameter 
remains small enough to distinguish between extreme cases of DE models and some 
commonly used modified gravity models. Next, we studied the effect of DE 
perturbations on the modified growth (MG) parameters that enter the perturbed 
Einstein equations; we found that while the dark energy perturbations do affect the MG 
parameters, the deviations remain small compared to those due to modified gravity 
models. Additionally, the deviations due to DE perturbations occur at scales distinct 
from those due to some modified gravity models, such as the f(R) models. In the case of 
modified gravity models with zero anisotropic stress at late times, the simultaneous 
determination of the effective dark energy equation-of-state and the MG parameters 
can provide the distinction between the two possible explanations of cosmic 
acceleration. In summary, we found that the currently proposed cosmological tests to 
distinguish between DE and modified gravity are robust to DE perturbations even for 
extreme cases. This is certainly the case even for DE models with equations of state of 
DE that fall well outside of current cosmological constraints. 
 

Astrophysical Tests of Gravity 
Jeremy Sakstein (DAMTP, University of Cambridge) 
 
Scalar-tensor theories of gravity with local screening mechanisms such as chameleon 
models have received a lot of attention in recent years. They allow order-one deviations 
from General Relativity on large scales whilst satisfying all local solar-system constraints. 
A lot of recent work has therefore focused on searching for observational signatures of 
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these models and constraining them. Our own solar system is necessarily screened; 
however, this may not be the case for Dwarf Galaxies, which can exhibit novel and 
unique phenomena, especially in their constituent stars. These new effects can be 
exploited to produce constraints that are far more competitive than laboratory and 
cosmological tests. In this talk, I will describe some recent and ongoing work using these 
phenomena to place new constraints. 
 

Testing Modified Gravity at Large Distances with Rotation Curves 

Jorge L. Cervantes-Cota [ININ (Mexico)] 
 

Recently a new—quantum motivated—theory of gravity has been proposed that 
modifies the standard Newtonian potential at large distances when spherical symmetry 
is considered. Accordingly, Newtonian gravity is altered by adding an extra Rindler 
acceleration term that has to be phenomenologically determined. Here we consider a 
standard and a power-law generalization of the Rindler modified Newtonian potential. 
The new terms of the gravitational potential are hypothesized to play the role of dark 
matter in galaxies. Our galactic model includes the mass of the integrated gas and stars, 
for which we consider three stellar mass functions (Kroupa, diet-Salpeter, and free mass 
model). We test this idea by fitting rotation curves of 17 low surface brightness galaxies 
from the HI Nearby Galaxy Survey (THINGS), and with another set of thirty galaxies. We 
find that the Rindler parameters are not a suitable fit to the rotation curves in 
comparison to standard dark matter profiles (Navarro-Frenk-White and Burkert) and, in 
addition, the computed parameters of the Rindler gravity show a high spread, posing 
the model as a nonacceptable alternative to dark matter. 
 
Gravitational Lensing with f(χ) = χ3/2 Gravity 
Sergio Mendoza (Instituto de Astronomia, UNAM), 
Tula Bernal, Xavier Hernandez, Juan Carlos Hidalgo,  Luis Torres (CCH-Vallejo-UNAM, Instituto de 
Astronomia-UNAM, Centro de Ciencias Fisicas-UNAM, Centre for Astrophysics and Supercomputing-
Swinburne University) 

 
In this talk I will present a natural metric extension of gravity f(χ) = χ3/2 of Bernal et al. 
2011, for which its weak field limit converges to MOND. At second order perturbation, I 
will show how the theory accounts in detail for two observational facts:  (1) the 
phenomenology of flattened rotation curves associated to the Tully-Fisher relation 
observed in spiral galaxies, and (2) the details of observations of gravitational lensing in 
galaxies and groups of galaxies, without the need of any dark matter. I will also show 
how all dynamical observations of flat rotation curves and gravitational lensing can be 
synthesized in terms of the empirically required metric coefficients of any metric theory 
of gravity. At second order perturbation, the metric components of the theory are 
perfectly compatible with the empirical ones. I will also discuss how a fourth order 
perturbation analysis of the theory can account for the dynamics of clusters of galaxies 
without the need of any extra matter component. 
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Testing Gravity with the Stacked Phase Space around Galaxy Clusters 
Tsz Yan Lam (MPA), 
Fabian Schmidt, Takahiro Nishimichi, Masahiro Takada (Princeton University, IAP, Kavli-IPMU) 

 
We proposed a new method of measuring the velocity field (phase space density) by 
stacking redshifts of surrounding galaxies from a spectroscopic sample. In combination 
with lensing, this yields a direct test of gravity on scales of 1-30 Mpc. Using N-body 
simulations, we show that this method can improve upon current constraints on f(R) 
and DGP model parameters by several orders of magnitude when applied to upcoming 
imaging and redshift surveys. We developed a semi-analytical approach based on the 
halo model to describe the phase-space distribution and the line-of-sight velocity 
dispersion for different tracers. The model distinguishes contributions from the halo 
pairwise velocity and the virial velocity within halos. We also discuss observational 
complications, in particular the contribution from Hubble flow, and show how our 
model can incorporate these complications. We then incorporate the effects of 
modified gravity (specifically f(R) and braneworld models), and show that the model 
predictions are in excellent agreement with modified gravity simulations. 

 

Parallel Session I: High Energy Astrophysics - Galactic 

11:00am, Oak Room 

Session Chair: L. Macri 

 

Observation of Two Young Supernova Remnants with H.E.S.S. 
Diane Fernandez (Laboratoire Univers et Particules de Montpellier CNRS/IN2P3), 
Igor Oya, Matthieu Renaud, Cyril Trichard, Vincent Marandon, Armand Fiasson (Institut fur Physik-
Humboldt-Universitat-Berlin, Laboratoire Univers et Particules de Montpellier CNRS/IN2P3, Laboratoire 
d'Annecy le Vieux de Physique des Particules CNRS/IN2P3, Max-Pla   -                         -Heidelberg, 
Laboratoire d'Annecy) 

 
Puppis A and G349.7+0.2 are two young (< 5000 yrs) supernova remnants (SNRs) 
detected at high energies (HE, 1-100 GeV) with the Fermi-LAT. X-ray data reveal these 
two SNRs are evolving in an inhomogeneous, and probably clumpy interstellar medium. 
Several OH masers and H2 lines coincident with G349.7+0.2 confirm a physical contact 
with the nearby cloud. The Puppis A asymmetrical expansion together with the 
multiwavelength (MWL) data suggest that it is also interacting with surrounding 
material. Observations of these two SNRs have been carried out in the very high energy 
domain (VHE, >100 GeV) with the High Energy Stereoscopic System (H.E.S.S.) 
experiment. In this contribution, we will report the detection of VHE gamma-ray 
emissions from the SNR G349.7+0.2 and upper limits from Puppis A. Together with the 
Fermi-LAT measurements, these H.E.S.S. results imply the existence of spectral features 
in the ~100-500 GeV, whose possible origin will be discussed. 

 
Comparison of the Acceleration Mechanisms in Fermi Bubbles 
Dmitry Chernyshov (Lebedev's Institute of Physics (Moscow)), 
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K.S. Cheng, V. Dogiel, C.M. Ko  

 
Fermi bubbles are giant gamma-ray structures located above and below the Galactic 
center. They also show very good correlation with the microwave emission discovered 
by the WMAP telescope and the residual diffuse emission in the range above 30 GHz 
found by the Planck satellite. We assume that both radio and gamma-ray emissions 
have a common origin and are produced by synchrotron radiation and inverse-compton 
scattering of relativistic electrons. We analyze different acceleration mechanisms which 
may reproduce the observed properties of the Fermi bubbles, such as hard spectrum, 
uniform brightness and sharp edges. We consider single and multi-shocks acceleration 
and the stochastic Fermi acceleration. For each of the acceleration processes, we derive 
parameters required to produce the observed flux of nonthermal emissions from the 
bubbles. 
 
Modelling the Puzzling Emission of Gamma-ray Binaries 
Guillaume Dubus (Observatoire de Grenoble) 
 
The very high energy gamma-ray radiation from binaries like PSR B1259-63 is thought to 
arise from the interaction between a relativistic pulsar wind and the stellar wind of its 
massive companion (e.g. Dubus 2013). The pulsar samples a changing radiation and 
density environment during its orbital motion, which also provides us with different 
vantage points on the interaction region. Observations with the Fermi/LAT and 
Cherenkov arrays have found that gamma-ray binaries harbor at least two distinct 
populations of high-energy particles and that their gamma-ray emissions are variable on 
the orbital timescale. I will explain why these observations are challenging to interpret 
within the existing theoretical framework, notably the gamma-ray flare seen from PSR 
B1259-63 after its last periastron passage. I will then discuss how these provide novel 
constraints on pulsar wind physics. 
 
Highlights of Galactic Observations with VERITAS 
Jeffrey Grube (Adler Planetarium),  
for the VERITAS Collaboration 

 
VERITAS is an array of four atmospheric Cherenkov telescopes located in Southern 
Arizona, and is sensitive over the very high energy (VHE) gamma-ray range of 100 GeV 
to 30 TeV. The VERITAS science program covers a wide range of Relativistic Astrophysics 
from Galactic and Extragalactic observations, including astroparticle studies and the 
indirect search for dark matter. Here we highlight recent VERITAS results of supernova 
remnants (SNRs), pulsar wind nebulae (PWNe), the Crab pulsar, and gamma-ray 
binaries. The results provide constraints on competing particle acceleration emission 
models within these complex environments. 
 
High-energy X-ray Emission of the Galactic Center with NuSTAR 
Kerstin Perez (Columbia University), 
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Charles J. Hailey, Kaya Mori, the NuSTAR Team (Columbia University, Columbia University) 

 
The Galactic Center region contains the highest concentration of high-energy sources in 
the Milky Way. Its low-energy X-ray (2-10 keV) emission is dominated by the 
supermassive black hole Sgr A* and its surrounding central stellar cluster and dust and 
gas clouds, the supernova remnant Sgr A East, numerous pulsar wind nebulae, non-
thermal filaments, and X-ray binaries. At higher energies, mysterious compact sources 
have been identified by gamma-ray instruments, including INTEGRAL and HESS. In 
addition to this localized emission, various components of diffuse emission have been 
reported with varying scale lengths, ranging from the apparently thermal emission filling 
the inner tens of arc minutes to the galactic ridge emission (GRXE) extending for many 
degrees along the galactic plane.  We present here the first images of the Galactic 
Center obtained with the NuSTAR telescopes, providing the first sub-arcminute view of 
the hard X-ray emission. The >20 keV emission is dominated by a single point source, 
consistent with a pulsar wind nebula 8" away from Sgr A*, and a hitherto unknown non-
thermal component extending along the Galactic plane. We will discuss the implications 
of this emission to models of bremsstrahlung, synchrotron, and inverse compton (IC) 
acceleration from cosmic-ray electrons, dark matter annihilation, and possible 
unresolved populations of neutron stars or magnetic CVs and other X-ray binaries. 
 

Parallel Session I: Supermassive Black Holes 

11:00am, Continental Room 

Session Chair: A. Wang 

 

Lyman edges in supermassive black hole binaries 
Aleksey Generozov (Columbia), 
Zoltan Haiman 

 
In the hierarchical picture of structure supermassive black hole binaries (SMBHBs) are 
expected to be a common byproduct of galaxy mergers. However, we have only one 
clear example at parsec separations. One explanation for the paucity of observational 
evidence is that detection is hindered by our poor understanding of emission from 
material around a SMBHB. With this in mind, I propose a new EM signature for SMBHBs: 
a sharp, orders of magnitude drop in flux at the Lyman limit region of the spectrum due 
to absorption by neutral hydrogen in the circumbinary disk. This would be a distinctive 
feature never seen observationally in AGN. I explain why SMBHBs could have this 
feature, while AGN would not.  

 

A Captured Runaway Black Hole in NGC 1277? 
Gregory Shields (University of Texas at Austin) 
 
Recent results indicate that the compact lenticular galaxy NGC 1277 in the Perseus 
Cluster contains an ultra-massive black hole of 17 billion solar masses. This far exceeds 
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the expected mass of the central black hole in a galaxy of the modest dimensions of 
NGC 1277. We suggest that this black hole was ejected from the nearby giant galaxy 
NGC 1275 and subsequently captured by NGC 1277. The ejection was the result of 
gravitational radiation recoil when two large black holes merged following the merger of 
two giant ellipticals that helped to form NGC 1275. The  black hole wandered in the 
cluster core until it was captured in a close encounter with NGC 1277. The migration of 
black holes in clusters may be a common occurrence. 
 

Searching for Close, Supermassive Binary Black Holes 
Michael Eracleous (The Pennsylvania State University) 
 
I will present the status of an observational search for close, supermassive binary black 
holes (i.e., those with separations of order 1 pc or less) carried out by our group. I will 
begin with a brief summary of observational results that are based on radio imaging and 
optical photometry and then I will focus on recent work employing optical spectroscopy. 
To set the stage, I will outline the basic principles of the technique and describe what 
types of systems can be found by such means. I will then highlight the challenges 
inherent in spectroscopic searches for close binary black holes, present the results from 
out own work and compare with results from similar observational programs by other 
groups. 
 

Constraining Sub-parsec Binary Supermassive Black Holes in Quasars with Multi-epoch 
Spectroscopy 
Yue Shen (Carnegie Observatories) 
 
I will describe our ongoing efforts in searching for sub-pc binary supermassive black 
holes (BHs) in optically-selected quasars with multi-epoch spectroscopy of the broad 
emission lines. The working hypothesis is that the broad line region (BLR) is 
gravitationally bound to its own BH, and moving along with the BH in the binary orbit. 
We search for the expected line-of-sight (los) acceleration of the broad-line velocity 
from binary orbital motion by cross-correlating spectra from two epochs separated by 
up to several years in the quasar rest frame. We find a significant fraction of quasars 
showing los acceleration of their broad-line centroid, and discuss their implications on 
the hypothesized sub-pc binary population, as well as variability of the broad-line region 
in single BHs. 
 

Rapid Formation of ~106 Mʘ Seed Black Holes in High-Redshift Halos 
Zoltan Haiman (Columbia University), 
Ricardo Fernandez, Greg Bryan, Miao Li (Columbia University) 

 
The earliest supermassive black holes (SMBHs) may originate from ~106 Mʘ seed BH, 
formed by the direct collapse of gas in "atomic cooling halos" with masses of ~108 Mʘ 
and virial temperatures in excess of 104 K.  A necessary condition for this scenario is the 
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rapid (~1Mʘ/yr) infall of metal-free gas from large radii (~1pc).  In the vast majority of 
halos, efficient H_2 formation and cooling reduces the sound speed and slows down the 
infall well below this rate, invalidating this scenario. However, I will discuss conditions, 
found in high-resolution adaptive mesh refinement (AMR) simulations, where such a 
large infall rate may be realized - involving a combination of an external Lyman-Werner 
radiation and strong shocks in the halo cores that prevent H2 formation and cooling.  I 
will argue that these conditions may occur in atomic cooling halos that assemble 
unusually rapidly over time. 

 

Parallel Session I: Nuclear EOS for Compact Objects I 

11:00am, Far East Room 

Session Chair: A. McIntosh 

 

Nuclear pasta properties from molecular dynamics simulations 
Andre da Silva Schneider (Indiana University–Bloomington), 
C. J. Horowitz, D. K. Berry, C. M. Briggs (Indiana Universit -Bloomington, Indiana Universit -Bloomington, 
Indiana University-Bloomington) 

 
For decades it has been theorized that just below nuclear saturation density matter 
undergoes a series of phase transitions. These phases, which are expected to exist in 
core-collapse supernovae and neutron stars, involve a range of exotic nuclear shapes 
collectively known as nuclear pasta. Recently, Jose Pons and collaborators in Nature 
Physics suggested that "the maximum period of isolated X-ray pulsars may be the first 
observational evidence for an amorphous inner crust, ..., possibly owing to the existence 
of a nuclear pasta phase". In this talk we present results of large semi-classical 
molecular dynamics simulations at densities relevant to the physics of the inner crust of 
neutron stars. We show the dynamics of the transitions between pasta phases and 
discuss how each phase might contribute to neutron star crust properties. 
 

Constraining the Skewness Parameter of Symmetric Nuclear Matter in Nonlinear 
Relativistic Mean Field Model 
Baojun Cai (Shanghai Jiaotong University), 
Liewen Chen, Weizhou Jiang (Shanghai Jiaotong University, Southeast University) 

 
Using one experimental fact about flow data from heavy ion collisions and one 
astronomical observation about mass of pulsar J0348+0432, we constraint the value of 
skewness parameter of the symmetric nuclear matter based on nonlinear relativistic 
mean field model. As a by-product, we construct a new relativistic mean field 
interaction which pass through all existing constraints on equation of state for 
asymmetric nuclear matter including flow data constraint, mass-radius relation of 
neutron stars, equation of state for pure neutron matter from chiral perturbation 
calculation and some other nuclear structure constraints. 
 



27th Texas Symposium on Relativistic Astrophysics – Dallas, TX – Dec. 8-13, 2013 

11 | P a g e  
 

Probing The Nuclear Equation OF State at Low Density Using Near Fer mi-Energy 
Heavy Ion Collisions 
Joseph B. Natowitz (Texas A&M University) 
 
Conventional theoretical calculations of nuclear matter properties based on mean-field 
approaches fail to give the correct low-temperature, low-density limit which is governed 
by correlations, in particular by the appearance of bound states. New data from heavy-
ion collisions can be used to probe clusterization  at temperatures and densities 
comparable to those expected for the neutrinosphere in a supernova  explosion. These 
data may be used to test astrophysical equations of state at low density.  From the data, 
in medium cluster binding energies and Mott points for d, t,3He and α clusters produced 
in low density nuclear matter and the  free symmetry  energy and the internal symmetry 
energy at subsaturation  densities and temperatures  may be extracted. The symmetry 
energy of nuclear matter is a fundamental ingredient in the investigation of exotic 
nuclei, heavy-ion collisions and astrophysical phenomena. A recently developed 
quantum statistical (QS) approach that takes the formation of clusters into account 
predicts symmetry energies that are in very good agreement with the experimental 
data. Proper treatment of in-medium effects in astro-physical equations of state should 
improve the utility of those for modeling astrophysically interesting events. 
 
Mean-field Approach to the Structure and Properties of Neutron Star Matter 
Toshiki Maruyama (Japan Atomic Energy Agency), 
Minoru Okamoto, Nobutoshi Yasutake, Toshitaka Tatsumi (University of Tsukuba, Chiba Institute of 
Technology, and Kyoto University) 

 
We investigate inhomogeneous structures and properties of mixed phases during the 
first-order phase transitions: liquid-gas (LG) phase transition at slightly lower than the 
normal nuclear density ρ0, meson condensation at several times of ρ0, and hadron-quark 
(HQ) mixed phase at further higher density. Such phase transitions are expected in 
matter of neutron stars and play important roles on the equation of state (EOS) and 
consequently the stellar mass and radius, mechanical strength, and transport and 
thermal properties. Recently, the discovery of a neutron star with twice the solar mass is 
drawing considerable attention. However, other problems still remain: cooling process, 
glitch, giant flare from magnetar, strong magnetism, etc. By investigating these 
phenomena with several observable, we might much more restrict the EOS of nuclear 
matter. For these studies, the inhomogeneous structure is the one of important key. 
One of the characteristics of our mean-field approach is that we fully take into account 
the chemical equilibrium among constituents of coexisting two phases, which have been 
often omitted in the conventional studies using the Maxwell construction. We also take 
account of the geometries of mixed phases fully consistent with the Coulomb repulsion 
and the surface tension acting between coexisting phases. The resulting inhomogeneous 
mixed phases show regular structures consisting with spherical droplets, cylindrical 
rods, planar slabs, cylindrical tubes, and spherical bubbles, often collectively called 
"pasta". We show that the pasta structures appear repeatedly from the low-density LG 
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mixed phase to the high-density QH mixed phase. We also present our recent study of 
mechanical property of neutron star crust. This study might become a help of 
understanding the quasi periodic oscillations in the tails of giant flare and restriction of 
the EOS. 
 
Stability of Finite Nuclei and the Nuclear EOS 
W. Udo Schroeder (University of Rochester) 
 
Delineating the limits of meta-stability for finite nuclei provides unique access to the 
isospin and density dependent nuclear equation of state (EOS). According to current 
understanding, the characteristic sudden or statistical nuclear disintegration processes 
observed for high momentum and energy transfers in the medium-energy domain 
depend crucially on the underlying dynamics of nuclear expansion, specifically on the 
behavior of the nuclear surface. Robust calculations based on an interacting nuclear 
Fermi gas provide a framework for relating the EOS to decay patterns of nuclei excited 
near limits of their meta-stability. Based on an EOS, the model makes predictions for 
experimental observables such as temperature-dependent level densities, particle 
branching ratios, fission barriers, etc. Properties of a soft, diluted surface also influence 
breakup probabilities following dissipative heavy-ion reactions at medium energies. 

 
Probing High-Density EOS of Neutron-Rich Matter with Relativistic Heavy-Ion 
Collisions 
Yvonne Leifels (GSI Helmholtzzentrum für Schwerionenforschung), 
FOPI and ASY-EOS collaborations 

 
Understanding the nuclear matter equation of state (EOS) is of fundamental importance 
in many areas of nuclear physics and astrophysics. The nuclear matter EOS is usually 
divided into a symmetric matter part independent of isospin asymmetry and an isospin 
term, also quoted as symmetry energy Esym (ρ). In the laboratory, the nuclear EOS and 
the density dependence of the symmetry energy are studied by different means:  
nuclear masses, neutron skins, pygmy resonance, and nuclear structure at the drip line 
give access to nuclear matter properties at densities around saturation density ρ0 and 
large isospin asymmetries. But heavy ion collisions provide the only way to explore 
densities different from the saturation density ρ0, as in the course of such a collision 
nuclear matter undergoes compression and expansion phases. The symmetry energy 
has been investigated at nuclear matter densities smaller or slightly above normal 
saturation density in various experiments. However, there exist only limited 
experimental data addressing the high density behavior of the symmetry energy. In the 
energy range accessible to the SIS accelerator (0.1-1.5AGeV) at GSI, Darmstadt, nuclear 
matter is compressed up to 3 ρ0. A multitude of observables have been studied as a 
function of system size and energy--as a follow-up of the pioneering work done at the 
heavy ion accelerator at Berkeley. Despite these studies are limited to stable beams the 
investigation of  isospin pairs i.e. π- / π+, t/3He may give access to the symmetry energy 
at high densities. Experimental observables which are predicted to constrain nuclear 
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matter properties at densities larger than normal nuclear matter density by microscopic 
transport models are presented. Emphasis will be given to the density dependence of 
the symmetry energy which is the most relevant connection between neutron stars and 
heavy ion collisions. 
 

Parallel Session I: Pulsars 

11:00am, Royal Room 

Session Chair: V. Kaspi 

 

A Millisecond Pulsar in a Stellar Triple System 
Scott M. Ransom (NRAO), 
Ingrid Stairs, Anne Archibald, Jason Hessels, David Kaplan, Marten van Kerkwijk, Jason Boyles, Duncan 
Lorimer, Adam Deller, Shami Chatterjee, and the GBT Driftscan Collaboration (University of  British 
Columbia, ASTRON, ASTRON, University of Wisconsin-Milwaukee, University of Toronto, West Kentucky 
University, West Virginia University, ASTRON, Cornell, misc.) 

 
In late 2011, as part of the Green Bank Telescope 350MHz Driftscan survey, we 
uncovered a fast, bright, and so-far unique millisecond pulsar in a hierarchical triple 
system with two white dwarf companions. Since that time, using a variety of telescopes 
and a huge number of observations, we have fully "solved" the system, PSR J0337+1715. 
Gravitational interactions between the 1.6-day and 327-day orbits and the relativistic 
transverse Doppler effect of the pulsar are detected with extremely high precision, 
providing all masses and inclinations to four significant figures.  Fitting the data with a 3-
body integrator, pulse arrival times are predicted with microsecond-level or better 
precision. The compact natures of the three stars and their very different gravitational 
binding energies (3GM/5Rc2; ~0.1 for the pulsar and ~1x10-4 for the white dwarfs) will 
likely provide the best tests so far of the Strong Equivalence Principle and therefore 
strong constraints on alternative metric and scalar-tensor theories of gravity. 
 
PSR J1023+0038: The Exceptional  Behavior of the Missing Link Binary Pulsar 
Alessandro Patruno (Leiden University), 
B. W. Stappers, A. M. Archibald, J. W. T. Hessels, C. G. Bassa, S. Bogdanov, G. H. Janssen, V. M.  Kaspi, A. G. 
Lyne, S. Tendulkar, A. B. Hill (University of Manchester, ASTRON, ASTRON, Columbia University, McGill 
University, Caltech, Stanford) 

 
The binary pulsar PSR J1023+0038 is a unique system that has been observed as a radio 
millisecond pulsar from 2007−2013.  Its peculiarity is that optical data showed that the 
system had an accretion disk in 2001. Therefore PSR J1023+0038 is an object that has 
undergone a transformation in state from a low mass X-ray binary to a binary radio 
millisecond pulsar. In this talk I report a new change in state that occurred on June 2013 
during which radio pulsations became undetectable. We have started an intense multi-
waveband campaign, that shows that the optical, UV and X-ray flux have substantially 
increased and a new accretion disk has formed. A striking 5-fold increase in gamma-ray 
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flux occurred during the transition, possibly making PSR J1023+0038 the first of a new 
class of gamma ray binaries. 
 
A Non-radial Oscillation Mode in an Accreting Millisecond Pulsar? 
Tod E. Strohmayer (NASA/GSFC), 
Simin Mahmoodifar (University of Maryland-College Park) 

 
The detection and study of global oscillations of neutron stars could provide a powerful 
probe of their exotic interiors. Surface motions induced by oscillation modes can 
periodically perturb the X-ray emitting hot-spot present during the outbursts of 
accreting millisecond X-ray pulsars (AMXPs), perhaps imprinting mode periods on the 
light curve from the source. We present results of targeted searches for signatures of 
non-radial oscillation modes (such as r- and g-modes) in neutron stars using RXTE data 
from three AMXPs. We search for potentially coherent signals in the neutron star rest 
frame by first removing the phase delays associated with the star's binary motion and 
then computing FFT power spectra. We search a range of frequencies in which both r- 
and g-modes are theoretically expected to reside. Using data from the discovery 
outburst of the 435 Hz pulsar XTE J1751-305 we find a single candidate (estimated 
significance of 1.6x10-3), coherent oscillation with a frequency of 249.33261 Hz (0.57276 
x the spin frequency), and a fractional Fourier amplitude of 7.5x10-4. Potential mode 
identifications include rotationally-modified g-modes associated with either a helium-
rich surface layer or a density discontinuity due to electron captures in the accreted 
ocean. Alternatively, the frequency could be identified with that of a core r-mode 
modified by the presence of a solid crust.  For the AMXPs XTE J1814-338 and NGC 6440 
X-2 we do not find any candidate oscillation signals, and we place upper limits on the 
fractional Fourier amplitude of coherent oscillations in our frequency search range of 
7.8x10-4 and 5.6x10-3, respectively.  We briefly discuss the prospects and sensitivity for 
similar searches with future, larger X-ray collecting area missions. 
 
The Fermi Large Area Telescope View of Gamma-ray Pulsars 
Tyrel J Johnson (NRC Fellow at NRL), 
David A. Smith, Matthew Kerr, and Pether R. den Hartog on behalf of the Fermi Large Area Telescope 
Collaboration and Pulsar Timing and Search Consortia (CNRS/IN2P3/University of Bordeaux, ATNF, 
Standford) 

 
Observations with the Fermi Large Area Telescope (LAT) have revolutionized gamma-ray 
pulsar science. The second LAT catalog of gamma-ray pulsars details spectral and light-
curve characteristics of 117 rotation-powered pulsars observed above 0.1 GeV. The 
gamma-ray pulsar populations is split almost equally into three populations, young 
radio-loud, young radio-quiet, and millisecond pulsars. Additionally, significant 
pulsations are seen from 27 pulsars above 10 GeV, raising the possibility of additional or 
alternate emission mechanisms. We will summarize the trends in gamma-ray pulsar 
properties, discuss comparisons with information at other wavelengths, and detail how 
targeted searches of unassociated LAT sources are adding to pulsar timing arrays aimed 
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at gravitational wave detection. Portions of this research performed at the Naval 
Research Lab are sponsored by NASA DPR S-15633-Y. 
 

PSR J2021+4026 in the Gamma Cygni Region: The First Variable Gamma-ray Pulsar 
Seen by the Fermi Large Area Telescope 
Luigi Tibaldo (KIPAC/SLAC), 
M. Razzano, on behalf of the Fermi LAT collaboration (University of Pisa-INFN) 

 
Recent radio and X-ray observations have unveiled new aspects of pulsar variability, 
including mode changes and intermittent behavior. These phenomena are powerful 
probes of pulsar magnetospheres and represent a challenge for current emission 
models. In the gamma-ray domain where the bulk of their spindown luminosity is 
radiated, however, pulsars were believed to be steady emitters on timescales longer 
than those needed for their detections. We present the discovery of gamma-ray 
variability from the Geminga-like pulsar PSR J2021+4026 in the Gamma Cygni region. 
The pulsar flux above 100 MeV decreased by about 20% near 2011 October 16th (MJD 
55850), over a time scale shorter than a week. At the same time, the spindown rate 
increased by 4% and there were significant changes in the pulse profile. We speculate 
that the flux change is due to a modification in the emission beaming precipitated by a 
shift in the magnetic field structure, leading to a change of either effective magnetic 
inclination or effective current. This “jump” of PSR J2021+4026 breaks the axiom of 
pulsars as steady gamma-ray emitters, opening new avenues for investigating pulsar 
magnetospheres through variability studies at gamma-ray energies. 
 

Parallel Session I: Submillimeter Cosmology 

11:00am, Regency Ballroom 

Session Chair: D. Clements 

 

The Redshift Distribution of Submillimeter-Selected Galaxies 
Andrew W. Blain (University of Leicester) 
 
Over the last several years, SPT, Herschel and ACT surveys have started to reveal 
reasonable samples of gravitational lensed ultraluminous galaxies at submillimeter and 
millimeter wavelengths. There are also prospects for finding a substantial number of 
additional examples, at the very extreme end of the range using the Planck Surveyor all-
sky images. Along with deep surveys using the APEX and JCMT telescopes, the 
underlying population has been determined. The relative abundance of lensed and 
unlensed galaxies provides several new insights into the evolution of these luminous 
objects, and the redshift distribution of the lenses, which is now very reliably 
determined using ALMA, also provides insight into the nature of the objects. ALMA has 
the power to revolutionize our understanding of this population, and can probe directly 
back to the generation of the first metals at whatever redshift that occurs. 
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Distant Galaxy Clusters Uncovered by Herschel & Planck 
David L. Clements (Imperial College London), 
The HerMES Consortium, The H-ATLAS Consortium (Various) 

 
Herschel images of Planck compact sources reveals that some of them are associated 
with groups of faint, often red, far-IR submm sources. Followup observations in the 
optical/near-IR and at submm wavelengths show that these sources are dusty star 
forming galaxies in high redshift (z=1-3) galaxy clusters, which in some cases are subject 
to gravitational lensing. I will present the results for our current followup studies of 
these objects, and will discuss the implications of these high z clusters for studies of 
galaxy & cluster formation and for cosmology in general. 
 

Constraints on the Cosmic Star Formation History from Planck Cosmic Infrared 
Background Anisotropies 
Paolo Serra (IAS–Orsay), 
Planck collaboration 

 
We present measurements of cosmic infrared background (CIB) anisotropies using 
Planck. Combining HFI data with IRAS, the angular auto- and cross-frequency power 
spectrum is measured from 143 to 3000 GHz. We model CIB power spectrum 
anisotropies  with a model that associates star-forming galaxies with dark matter halos 
and their subhalos, using a parametrized relation between the dust-processed infrared 
luminosity and (sub-)halo mass. We find that the star formation history is well 
constrained up to redshifts around 2.5, and agrees with recent estimates of the 
obscured star-formation density using Spitzer and Herschel. However, at higher redshift, 
the accuracy of the star formation history measurement is strongly degraded by the 
uncertainty in the spectral energy distribution of CIB galaxies. We also find that the 
mean halo mass which is most efficient at hosting star formation is 1012 solar masses 
and that CIB galaxies have warmer temperatures as redshift increases. 
 

Galaxies Under the Cosmic Microscope 
Rachael C. Livermore (University of Texas at Austin) 
 
As the largest gravitationally bound structures in the Universe, clusters of galaxies are 
efficient lenses, acting to magnify images of distant galaxies that happen to lie behind 
them. I will present the results of a program using this effect to boost both the flux and 
spatial resolution of high-redshift (1<z<5) galaxies, studying their dynamics and star 
formation morphological with integral field spectroscopy and narrowband imaging, and 
probing their molecular gas content with milimeter interferometry. With these data, I 
will show that the clumpy morphologies observed in high-redshift disks are a natural 
consequence of their high gas fractions. 

 

Plenary Presentation III 
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2:00pm, Regency Ballroom 

Session Chair: R. Wagoner 

 

The Higgs Boson and Cosmology 

Steven Weinberg (University of Texas at Austin) 

 
Plenary Presentation IV 

2:40pm, Regency Ballroom 

Session Chair: R. Wagoner 

 

Looking Backward, Forward, And Sideways From Dallas, 1963 
Virginia Trimble (University of California – Irvine and LCOGT)  
 
The question I will attempt to answer is, where do the Texas Symposia fit into the 
general history of relativity and astrophysics?  Part of the answer is that many of the 
ideas and entities we now think of as "Texas Topics" were in print before December 
1963.  These include: gravitational collapse; galaxies with strange things at their centers 
(discovered by Fath and so called Seyfert galaxies); supernovae, the cosmic rays they 
acceleration, and the neutron stars they leave behind; objects inside their gravitational 
radii; bending of light around massive objects and analogies with optical lensing; radio 
and UV astronomy; Sco X-1 and the X-ray background; the interface between astro- and 
particle physics; the phrase "Hubble's Law," Zwicky's "Dunkle Materie" and the data 
required to establish its existence; multi-level, scale-free, and hierarchical clustering of 
galaxies; the Abell Catalogue; and the first designs for detectors of gravitational 
radiation and solar neutrinos. 
 

Plenary Presentation V 

3:30pm, Regency Ballroom 

Session Chair: R. Wagoner 

 

Review on Nuclear Equation of State for Compact Objects 

Charles Horowitz (Indiana University) 

 

Parallel Session II: Higgs Boson: A Roadmap for Astrophysics 

4:30pm, Gold Room 

Session Chair: F. Olness 

 

Discovery: How a Higgs is Produced, Detected, and Dissected at the LHC 
Joseph Izen (University of Texas at Dallas) 
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The ATLAS and CMS experiments have discovered a state that appears to be a long-
sought-after Higgs boson, the last undiscovered piece of the Standard Model of Particle 
Physics. This talk will elucidate the Higgs production processes at the LHC and the 
experimental signatures that are used to detect a Higgs and to determine its properties. 
Mass, width, production, and spin-parity measurements will be presented using up to 
25 fb-1 of 7 and 8 TeV proton-proton collision data. 
 
Connecting the Dots: The Path from the Higgs Boson to the Dark Sector 
Chris Jackson (University of Texas at Arlington) 
 
From a theorist's point of view, the recent discovery of the Higgs boson with mass near 
125 GeV and couplings roughly consistent with those predicted in the Standard Model 
(of particle physics) has opened more questions than it has answered.  In this talk, I will 
review some of these questions and their possible resolutions.  I will pay special 
attention to the (possible) connection between the physics of electroweak symmetry 
breaking and the dynamics of the mysterious dark sector.  One of the things I will show 
is that, through a dedicated and synergistic search effort by both high-energy and astro-
particle experiments, discovery of dark matter may be just around the corner. 
 
One is a Lonely Number: LHC Searches for Higgs Families, Deviant (Non-SM) Higgs, and 
Dark-Sector Higgs 
Darien R. Wood (Northeastern University), 
for the ATLAS and CMS collaborations 
 

The Higgs state discovered with mass near 125 GeV appears so far to be consistent with 
a minimal standard model Higgs boson. Many well-motivated models, however, predict 
that this state is just one member of the Higgs sector and that additional Higgs bosons 
should exist. There is also the possibility of non-standard decay modes of the lowest 
mass neutral Higgs boson, including decays to Dark Matter. Results are reviewed from 
ATLAS and CMS on searches for additional Higgs states and for decays of the Higgs that 
would be indications of physics in the Higgs sector beyond the minimal scenario. 
 

Parallel Session II: Magnetars 

4:30pm, Parisian Room 

Session Chair: M. Baring 

 

Magnetars: An Observational Overview 
Victoria Kaspi (McGill University) 
 
I present an observational overview of the class of objects known as "magnetars," that 
is, isolated, young neutron stars with the highest magnetic fields known in the Universe.  
In particular I describe the latest results on their Galactic spatial distribution, their 
magnetic-field distribution and its relation to that of conventional radio pulsars, as well 



27th Texas Symposium on Relativistic Astrophysics – Dallas, TX – Dec. 8-13, 2013 

19 | P a g e  
 

as magnetars' timing properties and X-ray flux and spectroscopic behavior and 
evolution. 
 

A Unique X-ray Line Unveils a Strong Magnetic Field in the Low Field Magnetar SGR 
0418+5729 
Andrea Tiengo (IUSS Pavia), 
Paolo Esposito, Sandro Mereghetti, Roberto Turolla, Luciano Nobili, Fabio Gastaldello, Diego Götz, Gian 
Luca Israel, Nanda Rea, Luigi Stella, Silvia Zane, Giovanni F. Bignami (INAF-IASF Milano, INAF-IASF Milano, 
University of Padova, University of Padova, INAF-IASF Milano, CEA Saclay, INAF-OA Roma, IEEC-CSIC 
Barcelona, INAF-OA Roma, MSSL London, IUSS Pavia) 
 

SGR 0418+5729 is a transient soft gamma-ray repeater discovered in 2009. Its extremely 
small spin period derivative makes it by far the magnetar candidate with the smallest 
magnetic dipole moment. Its observed properties can still be interpreted in the 
framework of the magnetar model if SGR 0418+5729 is an aged magnetar which 
experienced substantial field decay but still harbors a strong enough internal magnetic 
field. The magnetar nature of this object has been recently confirmed by the discovery 
in its X-ray spectrum of an absorption feature with the strongest energy dependence on 
the spin phase ever detected in a neutron star. If interpreted as due to proton cyclotron 
scattering, its energy implies a magnetic field ranging from 2x1014 gauss to >1x1015 
gauss in a limited region close to the magnetar surface. This is the largest magnetic field 
ever measured with such a direct method and constitutes one of the best confirmations 
for the magnetar model. 
  

Hard X-ray Emission by Resonant Compton Upscattering in Magnetars 
Zorawar Wadiasingh (Rice University), 
Matthew G. Baring, Peter L. Gonthier (Rice University, Hope College) 
 

Hard, non-thermal and pulsed persistent X-ray emission extending between 10 keV and 
230 keV has been seen in a number of magnetars by RXTE, INTEGRAL, Suzaku and Fermi-
GBM. For inner magnetospheric models of such hard X-ray emission, resonant Compton 
upscattering of soft thermal photons is anticipated to be the most efficient radiative 
process. This is due to the relative close proximity of the surface thermal photons, and 
because the scattering becomes resonant at the cyclotron frequency with the effective 
cross section exceeding the classical Thomson one by over two orders of magnitude, 
thereby enhancing the efficiency of continuum production and cooling of relativistic 
electrons. We present angle-dependent upscattering model spectra for uncooled 
monoenergetic relativistic electrons injected in inner regions of pulsar magnetospheres, 
calculated using collisional integrals. These spectra are integrated over closed field lines 
and obtained for different observing perspectives. The spectral cut-off energies are 
critically dependent on the observer viewing angles and electron Lorentz factor. We find 
that electrons with energies less than around 15 MeV will emit most of their radiation 
below 250 keV, consistent with the observed turnovers in magnetar hard X-ray tails. 
Moreover, electrons of higher energy still emit most of the radiation below 1 MeV, 
except for very select viewing perspectives that sample tangents to field lines, thereby 
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making it difficult to observe signals extending into the Fermi-LAT band neglecting 
reprocessing of photons to lower energies by magnetic pair production and photon 
splitting. Our spectral computations use, for the first time, a new Sokolov and Ternov 
formulation of the QED Compton scattering cross section for strong magnetic fields. This 
formalism is formally correct for treating spin-dependent effects and decay rates that 
are important at the cyclotron resonance. 
 

A New Crystalline Phase in Magnetar Crusts 
Simin Mahmoodifar (University of Maryland), 
Paulo F. Bedaque, Srimoyee Sen (University of Maryland, University of Maryland) 
 

We show that ions at the low densities and high magnetic fields relevant to the outer 
crust of magnetars form a novel crystalline phase made of strongly coupled filaments of 
ions along the magnetic field. This is due to a long-range oscillatory behavior in the ion-
ion potential along the magnetic field that is caused by anisotropic electronic screening 
of ions in this direction (found by Sharma & Reddy 2011). We show that this long-range 
oscillatory term in the ion-ion potential (Friedel oscillations), that has been neglected in 
previous studies of neutron star structure at high magnetic fields, has a strong effect on 
the structure and elastic properties of the crystal lattice in the outer crust. In fact, we 
find that due to this long-range force the elastic constants (the bulk and shear moduli) 
that are dominated by the longitudinal structure of the lattice are significantly larger 
than that of a usual bcc Coulomb crystal at comparable densities. This has potentially 
interesting implications for the Quasi-periodic Oscillations (QPOs) seen in the X-ray flux 
of magnetars during their giant flares. These QPOs have been linked to global torsional 
vibrations within the star's crust, the frequencies of which are a function of the shear 
modulus of the crust. 
 
Understanding Isolated And Accreting Magnetars In Hard X-rays 
Wei Wang (National Astronomical Observatories, CAS) 
 
Magnetars are a special class of neutron stars with an ultra-strong surface magnetic 
field of higher than  4.4x1013 G. With hard X-ray observations by INTEGRAL, we studied 
spectral properties of isolated magnetar candidates, anomalous X-ray pulsars. The hard 
X-ray spectra of AXPs show a photon index of 0.5-1 with a cutoff energy of  120 keV. 
The cutoff energies will help to constrain radiation mechanism of AXPs.  In addition, we 
discovered some superslow pulsation X-ray pulsars in high mass X-ray binaries, with spin 
periods >1000 s. They undergo the very fast spin-down and spin-up trends now. These 
neutron star systems are difficultly produced in present standard evolution scenario of 
close neutron star binaries except that we assume the neutron stars in binaries have a 
strong magnetic field, e.g., higher than   1014 G. Thus we define these superslow 
pulsation X-ray pulsars as accreting magnetars. This new class of neutron stars will help 
us to understand origin and evolution of magnetars, and extend the magnetar family. 

 

Parallel Session II: Gravitational Waves 
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4:30pm, Oak Room 

Session Chair: N. Cornish 

 

Implementation of a Search for Aligned Spinning Black Hole and Neutron Star Systems 
Alex Nielsen (Max Planck Institute Hannover), 
Tito Dal Canton, Badri Krishnan, Andrew Lundgren 
 

Most previous searches for gravitational waves from compact binary systems have 
focused on non-spinning objects. Ongoing detector sensitivity improvements and 
improved waveform accuracy motivate the need for dedicated spinning object searches. 
For aligned spinning black holes inspiralling with non spinning neutron stars the signal 
loss from ignoring spin can be significant and improved control of false alarms using 
signal based detection statistics could improve detection efficiency by approximately a 
factor of two in realistic interferometer data. We give examples of how this could be 
done using a new Python based search code implemented on GPUs. 
 

The Link Between Underluminous Supernovae Explosions, Gravitational Waves and 
Extremely Low Mass White Dwarfs 
Alexandros Gianninas (University of Oklahoma), 
Mukremin Kilic, Warren R. Brown, J.J. Hermes (University of Oklahoma, Smithsonian Astrophysical 
Observatory, University of Warwick) 
 

Extremely low mass (ELM) white dwarfs (WDs) have masses < 0.25 Msol and represent 
the end point of the evolution of compact binary systems. They are the possible 
progenitors of type Ia supernovae, .Ia supernovae, AM CVn systems, and are sources of 
gravitational waves. The nature of these short period systems (P < 1 day) also gives rise 
to physical phenomena such as ellipsoidal variations due to tidal distortions and 
relativistic Doppler beaming. Our ongoing efforts to identify and characterize these 
systems through the ELM Survey will be presented. We will discuss ELM WDs in the 
context of future missions that aim to detect gravitational waves. We will present our 
calculations of the gravitational wave strains for each system based on our most recent 
analysis of ELM WDs. The shortest period systems will be among the strongest sources 
of gravitational waves in the sky detectable by, for example, eLISA. 
 
Self-forced Evolutions for Intermediate Mass Ratio Inspirals 
Eliu A. Huerta (West Virginia University), 
Jon Gair, Prayush Kumar (Cambridge University, Syracuse University) 
 

The quest for intermediate mass black holes (IMBHs) has been revived by the recent 
detection of hyper-luminous X-ray sources. In order to confirm that these sources host 
IMBHs, we require a robust measurement of the mass of the central object. Advanced 
gravitational wave detectors will be particularly suited to detect from 1-30 events per 
year that involve the coalescence of stellar mass black holes with IMBHs in globular 
clusters. Detecting these objects and learning about the stellar dynamics of their 
environments require accurate waveform models. After discussing the inadequacy of 
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post-Newtonian calculations and black hole perturbation theory to capture the true 
dynamics of sources with intermediate mass ratio, we introduce a waveform model that 
includes the inspiral, merger and ringdown in a physically consistent way. We show that 
our self-forced evolution model provides a robust and accurate framework to model 
these type of events. 
 
Recent Searches for Periodic Continuous Gravitational Waves with the LIGO and Virgo 
Detectors 
Keith Riles (University of Michigan), 
LIGO Scientific Collaboration and Virgo Collaboration 
 

The LIGO Scientific Collaboration and Virgo Collaboration have carried out joint searches 
in LIGO and Virgo data for periodic continuous gravitational waves. These analyses 
range from targeted searches for gravitational-wave signals from known pulsars, for 
which precise ephemerides from radio or X-ray observations are used in matched filters, 
to all-sky searches for unknown neutron stars, including stars in binary systems. 
Between these extremes lie directed searches for known stars of unknown spin 
frequency or for new unknown sources at specific locations. These different kinds of 
searches will be presented. Emphasis will be given to (1) new synoptic results of 
targeted searches from 1st-generation detectors, (2) new results of a deep directed 
search toward the galactic center and (3) new results of the first all-sky search for 
unknown continuous-wave sources in binary systems. 
 

Gravitational Waves Tests of General Relativity 
Neil J. Cornish (Montana State University), 
Laura Sampson, Nio Yunes (MSU, MSU) 
 

Gravitational wave observations will allow us to perform the first ever tests of general 
relativity in the dynamical, strong field regime. Here I will describe both the promise and 
challenge of implementing these tests using data from the advanced ground based 
detectors. 
 

A Single-spin Precessing Gravitational Wave in Closed Form 
Richard O'Shaughnessy (University of Wisconsin, Milwaukee), 
Andrew Lundgren (Albert Einstein Institute Golm) 
 

In coming  years, gravitational wave  detectors should  find   black hole-neutron star  
binaries, potentially coincident with astronomical phenomena like short GRBs.  These 
binaries are expected to precess. Gravitational wave science requires a tractable model 
for precessing binaries, to disentangle precession physics from other phenomena like 
modified strong field gravity,  tidal deformability, or Hubble flow;   and to measure 
compact object masses, spins, and alignments. Moreover, current searches for 
gravitational waves from compact binaries use templates where the binary does not 
precess and are ill-suited for detection of generic precessing sources. In this paper we 
provide a closed-form representation of the single-spin precessing waveform in the 
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frequency domain by reorganizing the signal as a sum over harmonics, each of which 
resembles a nonprecessing waveform. This form enables simple analytic calculations 
(e.g., a Fisher matrix) with easily-interpreted results. 
 

Meeting the Detection and Estimation Challenge of Un-modeled Narrowband 
Transient Gravitational Wave Signals 
Soumya D. Mohanty (University of Texas at Brownsville) 
 

Current searches for gravitational wave (GW) signals in noisy data can be segregated 
into two broad categories: searches for signals that have theoretically predictable 
waveforms (modeled signals), which are amenable to the application of matched 
filtering, and those that do not (un-modeled signals). Unmodeled signals, which can be 
further subdivided into transient and continuous (i.e., stochastic), are especially 
challenging from the signal processing point of view. GW signals from core-collapse 
supernovae serve as an archetype for transient unmodeled signals, making the 
development of effective search algorithms in this area particularly important. The 
current frontier in the challenge posed by such signals is the detection and estimation of 
narrowband signals: these have a well-defined, but unknown, instantaneous frequency 
and slowly varying, and also unknown, amplitude envelope. Unlike millisecond duration 
broad frequency bandwidth signals, but similar to those from compact binary inspirals, 
they do not show a strong signature in any of the traditional signal-processing domains 
(time, frequency or time-frequency) at the benchmark matched filtering signal to noise 
ratio (SNR) of ~10. We report here on the development of a novel method for these 
type of signals that shows good performance at the stated SNR. It uses splines to 
capture the unmodeled features mentioned above along with a high-dimensional 
optimization algorithm to fit the spline based model to data. The method can also be 
seen as a regularized maximum likelihood approach with a smoothness regulator. Such 
an approach may prove useful for other types of searches too, including those for 
broad-band transients. 

 

Parallel Session II: Galaxies & Clusters 

4:30pm, Continental Room 

Session Chair: L. King 

 

Simulating Cosmic Reionization and Its Observable Consequences 
Paul R. Shapiro (The University of Texas at Austin) 
 
The first billion years of cosmic time witnessed the formation of the first galaxies and 
stars, whose UV radiation gradually burned through the surrounding intergalactic 
medium, transforming it from a cold, diffuse gas of neutral atoms to a 10,000 K hot gas 
of ions and electrons. This ``epoch of reionization'' (EOR) filled space with a patchwork 
quilt of giant ionized zones and neutral zones, until the ionized zones eventually grew to 
fill all of space. The EOR is one of the last unexplored windows of cosmic time subject to 
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direct observation, and a crucial missing link in our astronomical confirmation of the 
current standard theory of cosmology, the Cold Dark Matter model. Towards that end, 
we have pioneered the large-scale numerical simulation of this phenomenon, to predict 
a host of observable consequences with which to test the theory, ranging from the 
redshifted cosmic 21cm background from hydrogen atoms in the neutral zones during 
the EOR, to the angular fluctuations of the cosmic microwave background introduced 
when those photons scatter off free electrons in the ionized zones, to the quenching of 
light from the earliest galaxies when their Lyman alpha emission lines resonantly scatter 
off the trace of neutral atoms left behind inside the ionized zones. I will report some of 
the latest developments. 
 
Effect of Lyman Limit Systems and Local Clumping Factor on the History of Cosmic 
Reionization 
Alexander A. Kaurov (the University of Chicago) 
 

We developed the analytical model of cosmic reionization which includes a variety of 
physical effects and observational constraints. Among observational constraints that we 
consider in our model are galaxy luminosity functions, Thompson optical depth of CMB 
from WMAP/Plank, as well as constraints on the duration of reionization from SPT and 
EDGES and evolution of Lyα forest at z <~ 6. To support all these observations we 
enhance the existing reionization models based on excursion set formalism by adding 
tracking of bubble merging and ionization history for each point in the Universe 
individually. These allows us to account for such physical effects as escape of ionizing 
photons from galaxies, halo biasing, absorption by Lyman Limit Systems, and clumping 
of the IGM. The latter one shows significant dependence on the inhomogeneity of 
reionization and reveals the advantage of analytical models based on excursion set 
formalism over the models with direct counting of photons. Also we show that 
recombinations to ground state contribute to the ionization background depending on 
the enviroment, i.e. ionization bubble size and local IGM temperature. We discuss the 
photon budget and the possible sources of reionization. We found that the consistency 
with all observations can be achieved with substantial contribution from dwarf galaxies. 
Such contribution is inconsistent with simulations and observational upper limits on the 
escape fraction from dwarfs at z~3. Whether such a disagreement is due to the different 
nature of z > 6 galaxies, the inadequacy of simulations and/or some of the observational 
constraints, or indicates an additional source of ionizing radiation at z > 8 remains to be 
seen. 
 

Formation of the Hubble Sequence during the Last 8 Gyr 
Francois Hammer (Paris Observatory -GEPI) 
 
Using the deepest and most complete observations of distant galaxies, we investigate 
the progenitors of present-day large spirals. Observations of  z=0.4-0.9, MJ (AB) < −20.3, 
galaxies include spatially-resolved kinematics, detailed morphologies and photometry 
from UV to mid-IR. We also selected a sample of nearby galaxies from the SDSS using a 
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single criterion, MJ (AB) < −20.3. Morphological analysis has been done in a perfectly 
identical way for all galaxies in the two samples. We derived a past Hubble sequence, 6 
Gyrs ago, that can be causally linked to the present-day one.  Six billions years ago, half 
of the present-day spirals were starbursts experiencing gas-rich major mergers, 
evidence for this is provided by their anomalous kinematics and morphologies. This 
provides a new channel of disk formation, e.g. disks reformed after gas-rich mergers, in 
agreement with the predictions of state of the art, semi-analytical LCDM models. The 
first ever established evolution of the baryonic Tully Fisher relation will be presented as 
well as the expected impact to the missing baryon problem. 
 
Probing Growth of Cosmic Structure Using Galaxy Dynamics: A Converging Picture of 
Velocity Bias 
Hao-Yi Wu (University of Michigan), 
Dragan Huterer, August Evrard (University of Michigan, University of Michigan) 
 

The dynamics of galaxies observed by redshift surveys reflects the gravitation potential 
of collapsed structure in the Universe, thus providing a sensitive probe of growth of 
structure and dark energy.  To interpret the survey results, numerical simulations are 
commonly employed; however, these simulations do not always provide realistic galaxy 
properties due to our limited understanding of baryon physics.  In this talk, I will first 
discuss the impact of uncertainties in simulations on the cosmological results and show 
that the velocity bias --- the fact that galaxies could have different velocities from dark 
matter --- can be a dominating source of systematic error.  I will then present a study of 
the velocity bias of cluster galaxies using both N-body and hydrodynamical simulations.  
I will demonstrate how different physical processes can result in different dynamic 
properties of galaxy tracers, and and how a consistent picture emerges using state-of-
the-art methods for tracking galaxy dynamics. 
 

Gemini Multi-Object Spectroscopy of Bullet-Type Cluster Cluster Abell 2146 
Jacob Aaron White (University of Texas at Dallas) 
Rebecca Canning, Lindsay King, Helen Russell (Stanford University, UT Dallas, Durham University, UK) 
 

Abell 2146 is a rare post-merger Bullet cluster system that is believed to be a merger of 
two massive galaxy clusters. During this violent collision, the clusters' dark matter is 
separated from their hot gas providing a powerful test of our cold dark matter 
paradigm. Hot gas dominates the normal baryonic material and has been revealed by its 
X-ray emission through observations using the Chandra X-ray Telescope. Our recent 
multi-object spectroscopic observations from the Gemini North Telescope (Mauna Kea), 
providing spectra for more than 200 galaxies in the field, allow for an in-depth analysis 
of the dynamical state of the cluster members of Abell 2146. The reduction of the 
spectroscopic data allows for the construction of a 3D view of the system with redshifts 
and kinematics of individual galaxies. This yields a more accurate determination of 
cluster properties as well as a dynamical mass estimate. Comparing this with the mass 
estimate from a separate gravitational lensing analysis of Hubble Space Telescope and 
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Subaru data will test our understanding of gravity on large scales. The chemical 
properties of the galaxies and their star-formation activity are also imprinted on the 
galaxy spectra, enabling us to study the cluster members in detail. This will also allow us 
to investigate whether the merger of the two clusters may have spurred additional star 
forming regions. 
 

Measuring Gravitational Redshifts in Galaxy Clusters 
Nick Kaiser (University of Hawaii) 
 

Wojtak et al have stacked 7,800 clusters from the SDSS survey in redshift space. They 
find a small net blue-shift for the cluster galaxies relative to the brightest cluster 
galaxies, which agrees quite well with the gravitational redshift predicted from GR. Zhao 
et al. have pointed out that, in addition to the gravitational redshift, one would expect 
to see transverse Doppler (TD) redshifts, so     〈 〉  〈  〉   with  =v/c, and that 
these two effects are generally of the same order. Here we show that there are other 
corrections that are also of the same order of magnitude. The fact that we observe 
galaxies on our past light cone results in a bias such that more of the galaxies observed 
are moving away from us in the frame of the cluster than are moving towards us.  This 
causes the observed average redshift to be     〈 〉  〈  〉   〈  

 〉 with    is the 
line of sight velocity. That is if we average over galaxies with equal weight. But if we do 
not resolve the moving sources, and make an average of the mean redshift giving equal 
weight per photon, the observed redshift is     〈 〉  〈  〉  , so the kinematical 
effect is then opposite to the usual transverse Doppler effect. In the WHH experiment, 
the weighting is a step-function because of the flux-limit for inclusion in the 
spectroscopic sample and the result is different again, and depends on the details of the 
luminosity function and the SEDs of the galaxies. Including these effects substantially 
modifies the blue-shift profile. We show that in-fall and out-flow have very small effect 
over the relevant range of impact parameters but out-flow becomes significant and 
needs to be taken into account for measurements on larger scales. 

 
The Observed Hubble Sequence 6 Gyr Ago: Implications in Galaxy Evolution and 
Mergers Simulations 
Rodney Delgado-Serrano (Technological University of Panama) 
 

We have established a first approximation of what would be the progenitors, 6 Gyr ago, 
of the galaxies of the present-day Hubble sequence. Using a simple and single criterion 
for selecting both distant and local galaxies, we showed that one may link them 
together quite robustly. The past Hubble sequence that has been established could be a 
useful tool for further study of galaxy evolution or transformation. It can be used to 
derive the evolution of fundamental planes for both spirals and bulges, as well as the 
evolution of bar fractions and others physical parameters related to the different galaxy 
morphologies. This is the case since we succeed to construct representative samples of 
each epoch. Furthermore, the developed methodology allows us to study 
homogeneously the morphology of local and distant galaxies, and has the main 
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advantage of presenting a good correlation between the morphological type and 
dynamical state of each galaxy. Morphology statistics strongly shows that almost all the 
galaxy evolution, since 6 Gyr ago, is caused by the transformation of galaxies with 
peculiar morphologies to regular spiral galaxies at present epoch. More than half of the 
galaxies in the past Hubble sequence have peculiar morphologies. Their transformation 
to regular spirals in the present-day Hubble sequence is a big challenge that should be 
addressed by current scenarios of galaxy evolution and formation. E/S0 galaxy 
populations show no evidence for a number evolution during the last 6 Gyrs, which does 
not imply that E/S0 galaxies did not undergo mergers since then. Nonetheless, it 
suggests that the process of mergers favors the formation of spirals since z~0.65. 
 

Parallel Session II: Shock Acceleration 

4:30pm, Far East Room 

Session Chair: D. Ellison 

 

Particle acceleration in collisions of strong Alfven waves 
Alexander Philippov (Princeton University), 
Anatoly Spitkovsky (Princeton University) 
 

We investigate collisions of strong Alfven waves in highly magnetized pair plasma with 
two-dimensional particle-in-cell simulations. We find that for a given polarization (i.e., 
one with oppositely directed magnetic field vectors) and sufficient amplitudes of the 
colliding waves regions of E > B occur in which efficient particle acceleration takes place. 
Depending on relative strength of Alfven waves and background magnetic field different 
kinds of particle spectrum may be produced: for low background field we find a power 
law spectrum for accelerated particles while for large enough field power law 
acceleration has a transient behaviour resulting in a Maxwellian spectrum. Finally, we 
discuss potential application of our results for magnetospheres of compact objects 
where such collisions may have observational manifestations. 
 

Monte Carlo Simulations of Radiative Processes in Photon-Lepton Plasmas 
Atul Chhotray (North Carolina State University) 
 
The non-thermal character and the softness of the Prompt emission of Gamma Ray 
bursts (GRBs) is still a mystery to be explained. We attempt to tackle these mysteries by 
performing Monte Carlo simulations of radiative processes in photon-lepton plasma. We 
drive the plasma out of equilibrium by injecting energy into the lepton population which 
mimics the effect of a shock wave passing through the plasma. Then we allow the 
constituents of the plasma to return to equilibrium by exchanging energy via Compton / 
Inverse Compton scattering and pair-production mechanisms.  We show that this results 
in the transient photon spectra exhibiting several non-thermal features and thereby, 
conclude that these transient effects may be at the heart of the mysterious prompt 
emission of Long GRBs. 
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Monte Carlo Simulations of Diffusive Particle Acceleration in Relativistic Shocks 
Don Ellison (North Carolina State University), 
Don Warren, Andrei Bykov (NCSU, Ioffe Institute) 
 

We present results from a Monte Carlo simulation of a parallel collisionless shock 
undergoing particle acceleration. Our simulation includes the feedback between 
accelerated particles ahead of the shock, which influence the shock precursor and 
“smooth” the shock, and thermal particle injection. We show that there is a transition 
between non-relativistic shocks, where the acceleration efficiency can be extremely high 
and the nonlinear compression ratio can be substantially greater than the Rankine-
Hugoniot value, and fully relativistic shocks, where diffusive shock acceleration is less 
efficient and the compression ratio remains at the Rankine-Hugoniot value. Our ability 
to seamlessly treat the transition from ultra-relativistic to trans-relativistic to non-
relativistic shocks may be important for evolving relativistic systems, such as gamma-ray 
bursts and type Ibc supernovae. We also find that nonlinear shock smoothing 
dramatically reduces the acceleration efficiency presumed to occur with large-angle 
scattering in ultra-relativistic shocks. 
 

Monte Carlo Simulations of Cosmic Ray Acceleration in Early GRB Afterglows 
Donald Cameron Warren (NC State University), 
Don Ellison, Shigehiro Nagataki (NCSU, RIKEN (Japan)) 
 

We present the results of Monte Carlo simulations of parallel shocks undergoing particle 
acceleration. The simulations take into account the backreaction of accelerated 
particles. This can dramatically change the resultant shock profile and particle spectrum, 
even in relativistic shocks where very few particles propagate far upstream. Our 
simulations show that the accelerated particle spectrum makes a smooth transition 
between the famous concave curve for non-relativistic shocks and the familiar power-
law spectrum for relativistic shocks (albeit with reduced efficiency). These simulations 
are critical for the study of gamma-ray burst afterglows, where the forward shock of the 
jet necessarily decelerates through the analytically intractable trans-relativistic regime 
as it slows. We will show preliminary results of simulated early afterglows as they 
transition into and through the trans-relativistic regime, focusing on the X-ray and 
gamma-ray emission spectrum as seen by an observer at cosmological distances. 
 

Electrostatic Considerations in Shock Acceleration 
Joseph A. Barchas (Rice University), 
Matthew G. Baring 
 

Plasma shocks are very common occurrences, and diffusive shock acceleration (DSA) is a 
simple and efficient mechanism for generating cosmic rays. A shock's main effect is 
turbulent dissipation, which rapidly thermalizes the downstream plasma. DSA produces 
a non-thermal component to the particle distributions (quasi-power-law tails) which 
translates to non-thermal photon spectra, and is seen in supernova remnants, jets in 
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active galactic nuclei, and gamma-ray bursts. In supernova remnant shocks, X-ray 
observations show that inferred proton temperatures are considerably cooler than 
standard shock heating predicts. A cross-shock electrostatic potential, akin to a double 
layer, is reasoned to exist due to the different inertial gyroscales of the plasma species. 
It provides a mechanism for energy exchange between species, and should result in a 
respective heating/cooling of the electrons/ions. It modifies the electron/ion 
distributions, which couple through radiative processes to the observed X-ray emission. 
We explore the effects of cross-shock electrostatics using a Monte Carlo simulation, 
where test particles gyrate and stochastically diffuse in a background fluid pre-defined 
by MHD jump conditions. A cross-shock electric field is derived from the steady-state 
spatial distribution of particles via a modified Poisson's equation that includes Debye 
screening, and the simulation is rerun with this field superimposed on the background 
magnetic and drift electric fields. This feedback loop continues until a self-consistent 
solution is obtained. Our results show a significant departure of the particle 
distributions from the usual thermal+power-law form, and clearly demonstrates 
substantial energy exchange between the electron and ion populations. 
 

Development of a Multidimensional Relativistic Radiative Transfer Code 
Nozomu Tominaga (Konan University) 
 
We develop a multidimensional relativistic radiative transfer code. The code is an 
expansion of the spherical harmonic discrete ordinate method (SHDOM), which solves a 
static radiative transfer equation with a ray tracing in the discrete ordinate and a source 
function with the spherical harmonics. We implement time dependence, Lorentz 
transformation, and Compton scattering. In this presentation, we report various test 
problems for a relativistic radiative transfer code and comparisons with Monte Carlo 
method. 
 

100-TeV Gamma-ray Halos as Signatures of Short-lived Galactic PeVatrons 
Yves A. Gallant (INAF - Oss. Astrofisico di Arcetri), 
Elena Amato, Julien Lavalle (INAF -Oss. Astro. Arcetri, LUPM-CNRS/University of Montpellier 2) 
 

More than a century after their discovery, the question of the origin of Galactic cosmic 
rays is still debated.  The most intensively studied scenario, diffusive acceleration at the 
shocks of supernova remnants (SNRs), is supported by direct observational evidence for 
accelerated electrons, and indirect evidence for the presence of high-energy cosmic-ray 
hadrons.  The more recent detection of GeV and TeV gamma-rays from many SNRs 
could constitute direct observational evidence for accelerated hadrons.  While in some 
cases the observed gamma-ray emission is indeed likely of hadronic origin, there is no 
evidence that any SNR accelerates these hadrons up to the energy of the cosmic-ray 
knee, a few PeV, with the hard spectra predicted by nonlinear diffusive shock 
acceleration theory.  Yet if SNRs are the main sources of Galactic cosmic rays, they must 
at some stage of their evolution be "PeVatrons", i.e. accelerate protons up to energies 
of a few PeV. It has been suggested that this "PeVatron" phase lasts only a short time (of 
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order a decade or less) after the supernova explosion.  We show that an observational 
consequence of such short-lived PeVatron scenarios is that they should subsequently be 
surrounded by gamma-ray halos induced by recently escaped PeV cosmic rays.  We 
demonstrate that these gamma-ray halos, with energy spectra extending to hundreds of 
TeV, could be detectable with currently planned very-high-energy gamma-ray detectors, 
and we illustrate their expected morphology. The future detection of such "PeVatron 
halos" could provide extremely useful constraints on interstellar cosmic-ray transport, 
through their extent and shape, and constitute the long-sought observational proof of 
the acceleration of Galactic cosmic rays up the knee energy in supernova remnants. 

 

Parallel Session II: Modified Gravity I 

4:30pm, Royal Room 

Session Chair: M. Ishak 

 

Cosmology, the General Theory of Relativity and G-conjugated Models 
Adrian Gheorghe Lupu (Technical High School "Decebal", Dr. Tr. Severin), 
Petre Stavre (University of Craiova) 
 

All the cosmological relativistic models are based on the pseudoriemannian metric g , 
having Lorentz signature and with the associated Levi-Civita connection (g, ). Their 
diversity and the appearance of the cosmological phenomena require the revaluation of 
the Einstein model , by adding the new models, with asymmetric linear connections . All 
these models must preserve the ortogonality of the one-dimensional distributions ( i.e. 
of the directions ) at the parallel transport (which implies the existence of the nonlinear 
connection N) and therefore the preservation of the isotropic directions. From these 
reasons we will consider the models with the property that for every linear connections 
on M , these linear connections must have the above property. We will say that the 
linear connections are g-conjugated ones (we will denote). Then we will obtain the 
asymmetric model of Einstein , as a particular case. We will also study the relation 
between N and , using the modern theory of the vector bundles E and the 
decomposition (Whitney). We will give a classification of the g-conjugated cosmological 
models. 
 

Post-Newtonian Approximations in the General Covariant Theory of Horava-Lifshitz 
Gravity 
Anzhong Wang (Baylor University) 
 
In this talk I shall present our recent results on the post-Newtonian approximations in 
the Horava-Lifshtiz theory of gravity with an extra U(1) symmetry. In particular, we 
express all the PPN parameters explicitly in terms of the coupling constants of the 
theory, and show that all the solar system tests are satisfied in a large region of the 
parameter space. This is not only true for the case with the projectability condition, but 
also for the one without it. 
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f(T) Gravity and Cosmology 
Emmanuel N Saridakis (Physics Department, National Technical University Athens, 
Greece) 
 
Torsion has been proved to be crucial in gauging gravity, which is in turn a necessary 
step towards its quantization. On the other hand, almost all the efforts in modifying 
gravity has been performed in the usual curvature-based framework. We investigate the 
case where one modifies gravity based on its torsional-teleparallel formulation, namely 
the f(T) gravity paradigm, and its cosmological applications. In particular, we analyze the 
perturbations of the theory examining the growth history, we construct a cosmological 
bounce, and we use solar system observations in order to impose constraints on the f(T) 
forms. Additionally, we study the case where T is nonminimally coupled to a scalar field, 
that is the scenario of “teleparallel dark energy”. Finally we analyze the charged black 
hole solutions of the theory, performing a comparison between f(R) and f(T) 
modifications. 
 
Dynamics of Bianchi Type Scalar-Tensor Cosmology 
Muhammad Sharif (University of the Punjab) 
 
This talk investigates the nature of the field potential via new technique known as 
reconstruction method for the scalar field potentials. The key point of this technique is 
the assumption that Hubble parameter is dependent on the scalar field. We consider 
Bianchi type I universe in the gravitational framework of scalar-tensor gravity and 
explore the general form of the respective field potential. In particular, this field 
potential is investigated for the matter contents like barotropic fluid, the cosmological 
constant and Chaplygin gas. It is concluded that for a given evolution of Hubble 
parameter, one can reconstruct the scalar potentials which can generate the cosmology 
motivated by these matter contents. 
 
Effects of Parity Violation on Polarization and Non-gaussianity of Primordial 
Gravitational Waves in Hořava-Lifshitz Gravity 
Qiang Wu (Zhejiang University of Technology), 
Anzhong Wang, Tao Zhu, Wen Zhao, Yongqing Huang (Baylor University, Zhejiang University of 
Technology, University of Science and Technology of China, Baylor University) 
 

We study the effects of parity violation on polarization and non-gaussianities of 
primordial gravitational waves in the framework of Hořava-Lifshitz theory of gravity, in 
which high-order spatial derivative operators, including the ones violating parity, 
generically appear. Because of both parity violation and non-adiabatic evolution of the 
modes due to a modified dispersion relationship, a large polarization of PGWs becomes 
possible, and by calculating the three-point correlation function, we find that the three-
dimensional gravitational Chern-Simons term is the only one that violates the parity and 
in the meantime has non-vanishing contributions to non-gaussianities. 
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Gravitational Collapse in Horava-Lifshitz Theory 
Satheeshkumar VH (Baylor University), 
Jared Greenwald, Jonatan Lenells b and Anzhong Wang (Baylor University) 
 

We study the gravitational collapse of a spherical fluid in Horava-Lifshitz theory with the 
projectability condition. The junction conditions across the surface of a 
collapsing star are derived under the (minimal) assumption that the junctions be 
mathematically meaningful in terms of generalized functions. Our treatment can be 
easily generalized to other versions of Horava-Lifshitz gravity and more generally, to any 
model of a higher-order derivative gravity theory. 
 

Lifshitz Spacetimes in the Horava-Lifshtiz Theory in 2+1 Dimensions 
Xinwen Wang (Baylor University), 
Jie Yang, Jared Greenwald, Yanbin Deng (Lanzhou University, Baylor University, Baylor University) 
 

In this talk, we shall show that Lifshitz space-times exist as vacuum solutions not only in 
the IR but also when all the high-rder derivative operators are present in the non-
projectable Horava-Lifshtiz gravity in 2+1 dimensional spacetimes. The main properties 
of these solutions are studied. 

 

Parallel Session II: Dark Matter I 

4:30pm, Regency Ballroom 

Session Chair: S. Majumdar 

 

Searches for Dark Matter in the Universe: A Review 
Katherine Freese (University of Michigan) 
 
Understanding the nature of the dark matter in the Universe is one of the outstanding 
problems of astrophysics and particle physics. A variety of dark matter candidates exist, 
including fundamental particles already postulated in particle theories: axions and 
WIMPs (weakly interacting massive particles). Over the past 25 years, dark matter 
searches for WIMP candidates have taken a three-pronged approach: direct detection in 
underground laboratories, indirect detection of WIMP annihilation products via 
satellites in space or phototubes at the South Pole, and searches at the Large Hadron 
Collider at CERN. This talk will review the current status of these experimental 
approaches.  Particularly exciting are anomalous events in laboratory experiments 
(DAMA, CoGeNT, CRESST, CDMS) hinting at the possibility of light dark matter weighing 
roughly 10 GeV, though these results are in apparent disagreement with null results 
from other experiments such as XENON. The other exciting development is the 
possibility of detection of a 130 GeV line in data from the FERMI satellite in the direction 
roughly towards the Galactic Center, as such a line might be explained by WIMP 
annihilation directly to photons. A fourth approach to detection would be the discovery 
of Dark Stars, which are stars made of ordinary matter but powered by dark matter 
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annihilation. The hunt for dark matter has become very exciting and yet very puzzling.  
This talk will describe the current anomalies that may herald WIMP discovery. 

 

Dark Stars and Their Detectability 
Cosmin Ilie (North Carolina Central Unviersity), 
Katherine Freese, Monica Valluri, Ilian Iliev, Paul Shapiro (University of Michigan, University of Michigan, 
Sussex University, University of Texas-Austin) 
 

We propose two mechanisms that could explain the growth of Dark Stars to become 
supermassive (SMDS) of one to ten million solar masses. The growth continues as long 
as dark matter heating persists, since dark stars are large and cool and do not emit 
enough ionizing photons to prevent further accretion of baryons onto the star. The dark 
matter may be provided by two mechanisms: (1) gravitational attraction of dark matter 
particles on a variety of orbits not previously considered, and (2) capture of WIMPs due 
to elastic scattering. Once the dark matter fuel is exhausted, the SMDS becomes a heavy 
main sequence star. These stars eventually collapse to form massive black holes that 
may provide seeds for supermassive black holes in the Universe. The launch of the JWST 
opens up the possibility of detecting Dark Stars. Using various dropout redshift selection 
functions we show that JWST could detect SMDS in a typical deep field survey.  We also 
discuss the possibility to differentiate SMDS from PopIII galaxies using photometry or 
spectroscopy 

 
Supermassive Dark Stars and their Primordial Environment 
Tanja Rindler-Daller (University of Michigan), 
Katherine Freese (University of Michigan) 
 

It has been suggested that the first stars to form in the Universe may be dark stars (DSs), 
powered by the heating released in the process of dark matter (DM) particle self-
annihilation. This mechanism can postpone the usual evolution of pre-main-sequence 
stars to the phase of nuclear burning, owing to the high DM densities in the centers of 
early, primordial minihalos and the efficiency of DM annihilation. We use the stellar 
evolution code MESA in order to improve upon previous models, which were limited to 
polytropic interiors without pulsations. We address several key issues of DS physics: a 
more detailed modeling of adiabatic contraction, the process and longevity of mass 
accretion, and the implications of pulsating modes. We study these processes for 
different halo environments, as well as for different DM particle parameters, also in light 
of recent DM detection limits. The implications are important in order to be able to 
address observability of dark stars with future space-based telescopes. 
 
Evolution of dark matter axions in the condensed regime 
Ken'ichi Saikawa (Tokyo Institute of Technology), 
Toshifumi Noumi, Ryosuke Sato, Masahide Yamaguchi (RIKEN Nishina Center, High Energy Accelerator 
Research Organization (KEK), Tokyo Institute of Technology) 
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Axion is one of the best motivated candidates of dark matter of the universe. It is 
produced non-thermally in the early universe and described as a coherently oscillating 
scalar field. Recently, it was pointed out that gravitational interactions can thermalize 
the system of dark matter axions, which leads to the formation of Bose-Einstein 
condensate (BEC) of them. This phenomenon predicts some new observational 
signatures, such as a distinctive feature in the phase space structure of galactic halos 
and the modification of standard cosmological parameters. However, such effects are 
not throughly understood on theoretical grounds, and we need a more robust tool to 
describe the system of axions in the highly condensed regime. We studied the evolution 
and interactions of coherently oscillating axions in detail, by developing the formalism 
to calculate the evolution of quantum occupation number of the axion field. Using the 
''in-in'' formalism, the time evolution of the expectation value of quantum occupation 
number can be computed in the systematic way. Taking a coherent state as a quantum 
state of the coherent oscillation of axions, we have evaluated the interaction rate of 
them, which suggests that it exceeds the Hubble parameter around 1-10 keV. The 
general relativistic effects is taken into account by the use of effective field theory 
technique, and it is shown that the interaction between the sub-horizon modes and the 
super-horizon modes (almost homogeneous condensations) can be relevant. 
 

Tuesday Abstracts 

10 December 2013 

 
Plenary Presentation VI 

9:00am, Regency Ballroom 

Session Chair: C. Hogan 

 

Cosmology After Planck 
David Spergel (Princeton University) 
  
The Planck Telescope has made an accurate full-sky measurement of the cosmic 
microwave background (CMB) temperature, the left-over heat from the Big Bang. These 
measurements probe both the physics of the very early universe and the basic 
properties of the universe today. The Planck measurements confirm the earlier results 
from the WMAP telescope and rigorously test our standard cosmological model and 
provide an accurate determination of basic cosmological parameters (the shape of the 
universe, its age, and its composition). When combined with other astronomical 
measurements, the measurements contain the properties of the dark energy and the 
nature of dark matter. The observations also directly probe the physics of first moments 
of the big bang: the current data are consistent with the idea that the early universe 
underwent a period of rapid expansion called inflation. 
  
Many key cosmological questions remain unanswered:  
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 What happened during the first moments of the Big Bang?  

 What is the dark energy?  

 What were the properties of the first stars?   
 
I will discuss the role of on-going and future CMB observations in addressing these key 
cosmological questions and describe how the combination of large-scale structure, 
supernova and CMB data can be used to address these questions. 

 

Plenary Presentation VII 

9:45am, Regency Ballroom 

Session Chair: C. Hogan 

 
Loop Quantum Gravity and the Very Early Universe 
Abhay Ashtekar (Pennsylvania State University) 
  
Since the standard cosmological perturbation theory is based on QFT on curved space-
times, it is not applicable in the Planck era. Using techniques from loop quantum gravity, 
the theory is extended to overcome this limitation. The new framework sharpens 
conceptual issues by distinguishing between true and apparent trans-Planckian 
difficulties and shows that the true difficulties can be generically overcome in the 
standard inflationary scenario, with interesting lessons for both theory and 
observations. The talk will be a broad overview, based on joint work with I. Agullo, W. 
Nelson, W. Kaminski, J. Lewandowski, and T. Pawlowski and P. Singh. 

 
Parallel Session III: Early Universe II 

11:00am, Gold Room 

Session Chair: X. Chen 

 
Gauge-flation Confronted with CMB Observations 
Ryo Namba (Kavli IPMU, University of Tokyo) 
 
Gauge-flation is a recently proposed inflationary model in which inflation is driven solely 
by a non-Abelian gauge field minimally coupled to gravity. The model is characterized by 
a higher-order derivative operator of the gauge field that does not introduce ghosts. 
When the term from this operator dominates the energy density, the vacuum 
expectation value of the gauge field drives a quasi de Sitter expansion. At the level of 
perturbations, the symmetries of the gauge field and of the metric allow the linearized 
system to be split into decoupled scalar, vector, and tensor sectors. We compute power 
spectra of the curvature perturbation (scalar) and gravitational waves (GWs; tensor) of 
this model. It is found that while the right-handed mode of GWs is standard, the left-
handed mode can experience a tachyonic growth near horizon crossing, leading to a 
large production of GWs and thus large values of tensor-to-scalar ratio r in excess of the 
standard Lyth bound. In the parameter space where r is within the bound of CMB 
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observations, the spectral index of the curvature perturbation is found to be too small 
for a 2 sigma window of observational bounds, leaving no allowed parameter region 
compatible with the observations. This conclusion is shared with that of Chromo-natural 
inflation, a model in which inflation is driven by a pseudo-scalar field coupled to a non-
Abelian gauge field. When the pseudo-scalar can be integrated out, one recovers the 
Gauge-flation model (plus corrections). It had been shown that these two models share 
the background trajectories. Our results now show that this "duality" continues to be 
accurate also at the level of perturbations. 
 
Large Tensor-to-Scalar Ratio in Small-Field Inflation 
Takeshi Kobayashi (CITA, University of Toronto) 
 
The production of gravitational waves from cosmic inflation is normally bounded by the 
inflaton field excursion. This relation, which is often referred to as the Lyth bound, 
claims that observationally large gravitational waves are produced only if the inflaton 
has a super-Planckian field range. In this talk I will point out that this general belief is not 
necessarily true when there are additional light fields producing density perturbations. 
Perturbations seeded by the inflaton can be suppressed under such situations, thus 
allow large gravitational waves to be produced even from small-field (i.e. sub-Planckian) 
inflation. I will also show that the field bound is taken over by the light field when the 
inflaton-induced perturbations are suppressed, thus present a generalized form of the 
Lyth bound that applies to the total field space. 
 
Inflationary Cosmology with Nonlinear Dispersion Relations 
Tao Zhu (CASPER, Baylor University), 
Anzhong Wang, Gerald Cleaver, Klaus Kirsten, Qin Sheng (Baylor University, Baylor University, Baylor 
University) 
 

In this talk, I will present a technique, the uniform asymptotic approximation, to 
construct accurate analytical solutions of the linear perturbations of inflation after 
quantum effects of the early universe are taken into account, for which the dispersion 
relations generically become nonlinear. With the understanding of the errors of the 
approximations and the proper choice of the Liouville transformations of the differential 
equations of the inflationary modes, I will show that the analytical solutions describe 
the exact evolution of the linear perturbations extremely well even only to the first-
order approximations. As a simple application of the approximate analytical solutions, I 
also calculate the power spectra and indices of scalar and tensor perturbations in the 
slow-roll background, and find that the amplitudes of the power spectra get modified 
due to the quantum effects, while the spectral indices remain the same as in the linear 
case. 

 

Parallel Session III: Modified Gravity II 

11:00am, Parisian Room 

Session Chair: L. Pogosian 
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Massive Gravity on a Spatial Condensation Web 
Chunshan Lin (Kavli IPMU, University of Tokyo) 
 
A simplest massive gravity theory will be presented. 

 
Cosmology with f(R) Gravity and Massive Neutrinos 
Hayato Motohashi (KICP, University of Chicago), 
A. Starobinsky, J. Yokoyama (Landau institute, RESCEU) 
 

f(R) gravity is a simple and nontrivial extension of General Relativity which can explain 
the late time accelerated expansion of the Universe. By setting suitable functional form 
of f(R) and choosing appropriate model parameters, we can reproduce the same 
background expansion history in the LCDM model without pathological behavior of the 
theory such as a ghost degree of freedom. The characteristic feature appears in the 
evolution of matter density fluctuations, namely, it is affected scale dependent 
enhancement. Since this enhancement cancels the suppression by free streaming of 
massive neutrinos, the allowed range of neutrino mass is relaxed in f(R) gravity. On the 
other hand, recent neutrino oscillation experiments suggest the possibility of the 
existence of sterile neutrinos with mass of order of 1 eV. However, considering 
cosmology based on the LCDM model with observational data of matter power 
spectrum, we cannot allow such a heavy sterile neutrino species. We investigated the 
possibility of eV-mass sterile neutrino in f(R) gravity by implementing MCMC analysis, 
and showed that the above tension can indeed be relaxed in f(R) gravity. 
 
Spherical Collapse in f(R) Gravity 
Jun-Qi Guo (Simon Fraser University) 
 
In this talk I will discuss the scalar collapse in f(R) gravity. In this problem, two scalar 
fields are present. One is f’, which is massive. The other one is physical and massless. 
Due to the negative curvature in the collapse, the field f’ will cross its de Sitter value. 
Therefore, the scalar collapse in f(R) gravity does not end up with the de Sitter solution. 
This dynamical approach helps to study the solution of the stationary black hole and the 
stability of black hole in f(R) gravity. 
 
Ungravity Contribution to FRW Cosmology: Viable Models 
Noureddine Mebarki (Constantine 1 University, Constantine, Algeria) 
 
A Modified Hilbert-Einstein action with scalar or tensor like ungravity correction is 
presented and the corresponding Friedman like equations with an FRW metric are 
derived. It turns out that the non integral scaling dimension of the scalar or tensor 
ungraviton plays an important role in the time evolution of the various cosmological 
parameters. Without having recourse to the dark energy component, some accelerated 
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expansion scenarios of the universe as well as constraints on the conformal scale are 
also discussed. 
 
Gravitational Theoretical Development Supporting MOND 
Timothy Frank Hodgkinson (University of Salford-Manchester), 
E.A. Chadwick, G.S. McDonald (University of Salford- Manchester, University of Salford-Manchester) 
 

Conformal geometry is considered within a general relativistic framework. An in-variant 
distant for proper time is defined and a parallel displacement is applied in the distorted 
space-time, modifying Einstein’s equation appropriately. A particular solution is 
introduced for the covariant acceleration potential that matches the observed velocity 
distribution at large distances from the galactic centre, i.e. Modified Newtonian 
Dynamics (MOND). This explicit solution, of a general framework that allows both 
curvature and explicit local expansion of space-time, thus reproduces the observed 
flattening of galaxys’ rotation curves without the need to assume the existence of dark 
matter. The large distance expansion rate is found to match the speed of a spherical 
shock wave.(published in physical Review D, July 2013) The theory and it's implications 
are to be covered. 
 
Energy Conditions and Stability in f(R, Lm) 
Yabo Wu (Liaoning Normal University), 
Liangliang Lin, Yueyue Zhao (Liaoning Normal University) 
 

Some properties of f(R, Lm) gravity are studied. Concretely, by means of the conditions 
of power-law expansion, we can obtain some constrains on this type of f(R, Lm) gravity 
models, which are possible candidate for late-time cosmic accelerated expansion. 
Furthermore, we consider the universal energy conditions and the Dolgov-Kawasaki 
criterion in f(R, Lm) gravity, which are quite general and can return to the corresponding 
ones in GR, f(R) gravity with non-minimal coupling and arbitrary coupling between 
matter and geometry as well as results in Ref.[39]. In order to deep understand the 
meanings of these energy conditions and the Dolgov-Kawasaki stability criterion, we will 
apply them to a concrete type of f(R, Lm) gravity models and give the corresponding 
results. 

 
Parallel Session III: Pulsar Timing Arrays 

11:00am, Oak Room 

Session Chair: X. Siemens 

 
Detecting Nanohertz Gravitational Waves with Pulsars 
Brian Christy (Franklin and Marshall College) 
 
The detection of nanohertz gravitational waves will uniquely expand our understanding 
of galaxy evolution. Source candidates in this frequency band include supermassive 
black hole binaries (SMBHBs), either as a stochastic background or individual bright 
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sources above this background. Measurement of these signals would provide details to 
outstanding questions on merger rates and inspiral physics of SMBHB's. This detection is 
possible with Pulsar Timing Arrays (PTAs) that search for perturbations in pulse arrival 
times across a collection of precisely timed millisecond pulsars. I will highlight the work 
of the North American Nanohertz Observatory for Gravitational Waves (NANOGrav), 
where improvements to instrumentation will substantially increase sensitivity and 
current limits already constrain some models for galaxy evolution. 
 
Pulsar Timing Arrays as Imaging Gravitational Wave Telescopes: Angular Resolution 
and Source (De)Confusion 
Latham Boyle (Perimeter Institute for Theoretical Physics), 
Ue-Li Pen (CITA) 
 

Pulsar timing arrays (PTAs) will be sensitive to a finite number of gravitational wave 
(GW) "point" sources (e.g. supermassive black hole binaries). N quiet pulsars with 
accurately known distances d_{pulsar} can characterize up to 2N/7 distant chirping 
sources per frequency bin Δfgw=1/T, and localize them with "diffraction limited" 
precision                        . Even if the pulsar distances are poorly known, a 

PTA with F frequency bins can still characterize up to (2N/7)[1-(1/2F)] sources per bin, 
and the quasi-singular pattern of timing residuals in the vicinity of a GW source still 
allows the source to be localized quasi-topologically within roughly the smallest 
quadrilateral of quiet pulsars that encircles it on the sky, down to a limiting resolution 

          √           . PTAs may be unconfused, even at the lowest frequencies, 

with matched filtering always appropriate. 
 
Using Light and Gravity from Late-Evolution Binary Supermassive Black Holes 
Sarah Burke-Spolaor (California Institute of Technology) 
 

Before their eventual coalescence, binary supermassive black holes endure prolonged 
interaction with their environment. These interactions may produce a number of 
electromagnetic emissions that, if confirmed, could be unique indicators of binary 
supermassive systems in late stages of inspiral (i.e. gravitational wave emitters). No 
small-orbit binary systems have yet been conclusively confirmed. We are undertaking 
projects which use both electromagnetic observations and pulsar timing's limits on 
gravitational waves to constrain, support, or disprove the binary SMBH hypothesis in 
candidate systems. We will present the results of ongoing electromagnetic studies to 
investigate the presence of a binary supermassive black hole in candidate binary 
systems, and will consider the prospects and benefits of using Pulsar Timing Arrays to 
place physically interesting gravitational wave limits on these and other nearby targets. 

 
When Will NANOGrav Detect Gravitational Waves? 
Xavier Siemens (University of Wisconsin–Milwaukee) 
 

For the better part of the last decade, the North American Nanohertz Observatory for 
Gravitational Waves (NANOGrav) has been using the Green Bank and Arecibo radio 
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telescopes to monitor millisecond pulsars. NANOGrav aims to directly detect low-
frequency gravitational waves which cause small changes to the times of arrival of radio 
pulses. In this talk I will discuss recent progress made toward realistic simulations of our 
sensitivity to a stochastic background of gravitational waves, as well as new scaling laws 
for the significance of a stochastic background detection in pulsar timing data. I will 
show that a detection is possible as early as 2017. 

 
But Wait, There's More!:  "Secondary" Science from PTAs  
Scott M. Ransom  (NRAO) 
 

Over the last decade, the promise of a direct detection of gravitational waves via Pulsar Timing 

Arrays (PTAs) has caused a relentless push for better timing techniques, much-improved 

instrumentation, and new high-quality millisecond pulsars (MSPs).  And each of these efforts have 

succeeded tremendously, allowing us to time many MSPs at the sub-microsecond level, and 

several at the sub-100-nanosecond level.  These improvements have resulted not only in much 

better sensitivity to gravitational waves, but also a wide range of high-impact "secondary" science 

from the pulsars.  Some examples include many new high-precision neutron star masses 

(including those which constrain the neutron star equation of state), new strong-field tests of 

gravity, and a wide range of astrophysics, such as exotic stages of binary and stellar evolution. 

 
Parallel Session III: Magnetohydrodynamics 

11:00am, Continental Room 

Session Chair: E. Baron 

 
Morelia: A New Special Relativistic MHD Code 
Alejandro Cruz Osorio (Universidad Michoacana de San Nicolás de Hidalgo-Instituto de 
Física y Matemáticas), 
Fabio D. Lora-Clavijo, Francisco S. Guzman (Universidad Nacional Autonoma de México-Instituto de 
Astronomía, University of British Columbia-Physics and Astronomy Department.) 
 

We present a new 3D special relativistic magnetohydrodynamics code. The system of 
equations is solved using standard HRSC methods. The preservation of the divergence of 
the magnetic field is controlled using the flux constraint transport and cleaning 
methods. We show with a series of 1-D and 2-D tests, the ability the code has to deal 
strong shocks and ultrarelativistic flows, which allows the study of extragalactic jets. 
 
Simulating Gamma-ray Binaries with a Relativistic Extension to the RAMSES Code 
Astrid Lamberts (University of Wisconsin-Milwaukee) 
 

Relativistic hydrodynamic simulations have become a powerful tool in high energy 
astrophysics. They lead to a better understanding of the fundamental physics such as 
shocks and instabilities and also enable to go beyond “one-zone” emission models to 
compare with the wealth of observational data available.  I will present the recent 
development of a relativistic extension to the RAMSES code (Lamberts et al, in press). 
This code is fully 3-dimensionnal, with the possibility of adaptive mesh refinement and 
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will be part of the next public release of RAMSES.  Using multidimensional simulations of 
gamma-ray binaries, with increasing values for the Lorentz factor, I will describe the 
impact of the relativistic nature of the pulsar wind on the structure and stability of such 
systems.  I will also explain how the simulations have been coupled to a radiative code 
in order to model the orbital lightcurve and spectra of gamma-ray binaries like LS 5039. 
 
Magnetic Field Effects in the Merger of Binary Neutron Stars 
Bruno Giacomazzo (University of Trento) 
 

I will discuss the current status of fully general relativistic magnetohydrodynamic 
(GRMHD) simulations of binary neutron star (BNS) mergers performed with the Whisky 
code. BNSs are among the most powerful sources of gravitational waves (GWs) that will 
be detected in the next few years. BNS mergers are also thought to be the central 
engine of short gamma-ray bursts (SGRBs) as well as the possible source of other 
electromagnetic emissions that, if detected together with a GW signal, could help in 
localizing them and infer some of their properties. Magnetic fields play a very important 
role in the post-merger dynamics, including the possible formation of strongly 
magnetized NSs or of magnetized disks around spinning black holes (which could be 
accompanied by the formation of relativistic jets). I will present results of recent 
GRMHD simulations of BNS mergers that considered both the formation of stable 
magnetars (in the case of low mass BNS systems) and of strongly magnetized disks 
around spinning black holes. I will describe the evolution and amplification of the 
magnetic fields during and after the merger, their impact on the post-merger dynamics, 
GW emission, and possible electromagnetic counterparts. 
 
Neutron Star Binary Mergers with Neutrino Cooling 
David Neilsen (Brigham Young University), 
Steven L. Liebling, Matthew Anderson, Luis Lehner, Carlos Palenzuela (Long Island University, Indiana 
University Bloomington, Perimeter Institute, Canadian Institute for Theoretical Astrophysics) 
 

Mergers of compact objects are likely progenitors for short, hard GRBs, which are 
powered partially by accretion onto an existing black hole or one formed in the merger.  
The accretion rate can be affected by magnetic fields and neutrino cooling of the tidally 
disrupted material. We discuss simulations of fully relativistic binary mergers with 
magnetic fields using finite temperature equations of state. We will also present 
preliminary work with neutrino cooling using a leakage scheme. 
 
QPOs in Relativistic Magnetized Bondi-Hoyle Accretion 
Fabio Duvan Lora Clavijo (Universidad Nacional Autónoma de México–Instituto de 
Astronomía), 
Francisco S. Guzman, Alejandro Cruz Osorio (University of British Columbia–Physics and Astronomy 
Department, Universidad Michoacana de San Nicolás de Hidalgo–Instituto de Física y Matemáticas) 
 

We study numerically the axisymmetric relativistic magnetized Bondi-Hoyle accretion of 
a supersonic ideal gas onto a fixed Kerr background space-time described with horizon 
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penetrating coordinates. The magnetohydrodynamics system of equations, into a 
curved space-time, is solved using standard HRSC techniques. The preservation of the 
divergence of the magnetic fields is controlled using the flux constraint transport 
method. We verify that a nearly  stationary shock cone forms. As an astrophysical 
application, we study for a set of particular physical parameters, the spectrum of the  
magnetized shock cone vibrations and their potential association with QPO sources. 
 
Bulk Flows and Gamma Rays from Relativistic Magnetic Reconnection 
Krzysztof Nalewajko (University of Colorado), 
Dmitri A. Uzdensky, Benoit F. Cerutti, Greg W. Werner, Mitchell C. Begelman (University of Colorado, 
Princeton University, University of Colorado, University of Colorado) 
 

Extreme gamma-ray flares observed in some blazars require a very efficient local 
dissipation mechanism involving relativistic bulk flows. Magnetic reconnection operating 
in highly magnetized plasma is expected to drive relativistic outflows dubbed minijets. 
However, this mechanism was never verified from first principles. We present particle-
in-cell simulations of relativistic collisionless magnetic reconnection, using which we 
study the complex kinematics of bulk outflows driven along the reconnection layer. We 
describe how the properties of these outflows scale with background plasma 
magnetization, and how they can produce rapid bursts of gamma-ray radiation. 
 

Parallel Session III: Nuclear EOS for Compact Objects II 

11:00am, Far East Room 

Session Chair: B. Li 

 
Probing the high-density behavior of symmetry energy with gravitational waves 
Farrukh J. Fattoyev (Texas A&M University–Commerce), 
William G. Newton, Bao-An Li (Texas A&M University-Commerce) 
 

Gravitational wave astronomy opens up an entirely new window on the Universe to 
probe the equations of state of neutron-rich matter. With the advent of next generation 
gravitational wave detectors, measuring the gravitational radiation from coalescing 
binary neutron star systems, mountains on rotating neutron stars, and stellar oscillation 
modes may become possible in the near future. Using a set of model equations of state 
satisfying the latest constraints from terrestrial nuclear experiments, state of the art 
nuclear many-body calculations of the pure neutron matter equation of state, and 
astrophysical observations consistently, we study various gravitational wave signatures 
of the high-density behavior of the nuclear symmetry energy, which is considered 
among the most uncertain properties of dense neutron-rich nucleonic matter. In 
particular, we study the sensitivity of the tidal polarizability of neutron stars in binary, 
the upper limit on the gravitational wave strain amplitude from elliptically deformed 
stars, and the r-mode instability window to the high density behavior of the nuclear 
symmetry energy. 
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What Can We Learn about the Neutron-star Equation of State from Gravitational-
Wave Observations of Inspiralling Binary Neutron Stars? 
Ben Lackey (Princeton University), 
Leslie Wade (University of Wisconsin-Milwaukee) 
 

Gravitational-wave observations of inspiralling binary neutron star systems can provide 
information about the neutron-star equation of state (EOS) through the tidally induced 
shift in the waveform phase which depends on the tidal deformability parameter 
Lambda. Previous work has shown that Lambda, a function of the neutron-star EOS and 
mass, is marginally measurable by Advanced LIGO for a single event when including the 
tidal information up to the frequency of merger. In this work, we describe a method for 
measuring EOS parameters from a set of inspiral observations. Specifically, we use a 4-
parameter piecewise polytrope that matches theoretical EOS models to a few percent. 
We find that when O(10) gravitational-wave observations are combined with the 
constraints from causality and recent high mass neutron-star measurements, the EOS 
above nuclear density can be significantly constrained. We also examine how the 
uncertainties in the EOS depend on the distribution of neutron-star masses in binary 
systems. 
 
The Neutron Star Radius and the Dense-matter Equation of State 
Sebastien Guillot (McGill University), 
Mathieu Servillat, Natalie Webb, Robert E. Rutledge (CEA Saclay/Harvard CfA, IRAP Toulouse, McGill 
University) 
 

A physical understanding of the behavior of cold ultra-dense matter–at and above 
nuclear density–can only be achieved by the study of neutron stars, and the thermal 
emission from quiescent low-mass X-ray binaries inside globular clusters have proven 
very useful for that purpose. The recent 1.97 0.04 Mʘ measurement for the radio 
pulsar PSR 1614-2230 suggests that strange quark matter and hyperons/kaons 
condensate equations of states (EoS) are disfavoured, in favour of hadronic "normal 
matter" EoSs. Over much of the neutron star mass-radius parameter space, "normal 
matter" EoSs produce lines of quasi-constant radii (within the measurement 
uncertainties, of about 10%).  We present a simultaneous spectral analysis of several 
globular cluster quiescent low-mass X-ray binaries where we require the radius to be 
the same among all neutron stars analyzed. The Markov-Chain Monte-Carlo method and 
the Bayesian approach developed in this analysis permits including uncertainties in the 
distance, in the hydrogen column density, and possible contributions to the spectra due 
to un-modelled spectrally hard components. Our results suggest a neutron star radius 
much smaller than previously reported, with a value Rns = 9.1 (+1.3)(-1.5) km, at 90% 
confidence, using conservative assumptions, which suggests that neutron start matter is 
best described by the softest "normal matter" equations of state. 
 
Neutron Star Equation of State Constraints from Pulsed X-ray Emission 
Sharon M. Morsink (University of Alberta), 
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Abigail Stevens, Jason Fiege, Denis Leahy (University of Alberta, University of Manitoba, University of 
Calgary) 
 

The observation of pulsed X-ray emission originating from the surfaces of accreting 
rapidly rotating neutron stars combined with relativistic ray-tracing provides an 
excellent opportunity to study the properties of neutron stars and to constrain the 
equation of state of supernuclear density matter. I will review the basic principles 
behind this method, including the degeneracies inherent in the problem. We are 
applying a modern genetic algorithm to search for the best-fit masses and radii of the 
accreting ms period X-ray pulsars that produce X-ray bursts. I will discuss the application 
of this method to observations that could be performed by the proposed LOFT (Large 
Observatory for X-ray Timing) mission. 
 
Tidal Interactions During Neutron Star Mergers: Equation of State Considerations 
William G. Newton (Texas A&M University-Commerce), 
Farrukh Fattoyev, Josh Hooker, Jose Carvajal, Bao-An Li (Texas A&M University-Commerce, Texas A&M 
University, Texas A&M University-Commerce, Texas A&M University-Commerce, Texas A&M University-
Commerce) 
 

We review the possible constraints on neutron star structure that can be inferred from 
various gravitational wave and electromagnetic observables during a binary neutron star 
merger. We focus particularly on examining the sensitivity of the tidal polarizability of 
neutron stars to the equation of state (EOS) of dense matter at more than 2-3 times 
nuclear saturation density, concluding that particularly soft or stiff high density EOSs can 
be distinguished by advanced LIGO observations of the gravitational wave signal 
immediately pre-merger. We also discuss neutron star structure effects on dynamical 
tides and crust shattering events during the inspiral phase, the latter of which has been 
proposed as a possible EM precursor to short GRBs. 
 
Quarks in Strange Matter: Localized or Not? 
Xiaoyu Lai (Xinjiang University, China) 
 
The state of cold matter at supra-nuclear density depends on the non-perturbative 
nature of quantum chromo-dynamics (QCD) and is essential for modeling pulsars. In 
compact stars at only a few nuclear densities but low temperature, quarks could be 
interacting strongly with each other there. That might render quarks grouped in 
clusters, although the hypothetical quark-clusters in cold dense matter has not been 
confirmed due to the lack of both theoretical and experimental evidence. We find that 
the existence of quark-clusters inside pulsar-like compact stars could lead to stiff 
equation of state, which could help us to understand the observational high-mass (>2 
Msun) pulsars. On the other hand, the observations of pulsar-mass could give us some 
hints about the properties of quark-cluster matter. 
 

 
Parallel Session III: Relativity I 
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11:00am, Royal Room 

Session Chair: R. Kantowski 

 
Superradiance Instability of a Kerr Black Hole and Axionic Bose Nova 
Hideo Kodama [High Energy Accelerator Research Organization (KEK)], 
Hirotaka Yoshino (KEK) 
 

In the axiverse scenario suggested by superstring theory, it is highly probable that axions 
with masses much smaller than that of the standard QCD axion exist. If the mass of such 
an axion is in the range between 10-10 eV and 10-20 eV, an axionic cloud is formed from 
quantum zero-point oscillations and grows in time scales much shorter than the cosmic 
age around rotating black holes with one  to 1010 solar masses due to the well-known 
superradiance instability. We show by a 3D numerical simulation that such an axionic 
cloud suddenly collapses due to self-interactions when its mass increases to some 
critical value and produces phenomenon similar to the bosenova in the Bose-Einstein 
condendate of atoms. We estimate the amplitudes of gravitational waves emitted from 
the axionic cloud during the superradiant growth and the bosenova collapse and show 
that they are detectable by future gravitational wave detectors if they are within 10kpc 
from us. References: Hirotaka Yoshino and Hideo Kodama: Prog.Theor.Phys. 128 (2012) 153-
190. [arXiv:1203.5070 [gr-qc]]“Bosenova collapse of axion cloud around a rotating black hole”; 
Hideo Kodama and Hirotaka Yoshino: Int.J.Mod.Phys.Conf.Ser. 7 (2012) 84-115 [arXiv:1108.1365 
[hep-th] ] “Axiverse and Black Hole” 

 
The Orthogonal GRB Model 
Ioannis Contopoulos (Academy of Athens), 
Antonios Nathanail, Daniela Pugliese 
 

We explore the analogy between a rotating magnetized black hole and an axisymmetric 
pulsar and derive its electromagnetic spindown after its formation in the core collapse 
of a supermassive star. The spindown shows two characteristic phases, an early 
Blandford-Znajek phase that lasts a few hundred seconds, and a late Kerr-Newman 
afterglow phase that lasts much longer. During the first phase, the spindown luminosity 
decreases almost exponentially, whereas during the afterglow phase it decreases as 

     . We associate our findings with long duration gamma-ray bursts (GRB) and 
compare with observations. 
 
Black Hole Mass Decomposition in Nonlinear Electrodynamics and Applications 
Jonas Pedro Pereira (University of Nice, University of Rome, La Sapienza), 
Jorge A. Rueda, Remo Ruffini, Herman J. Mosquera Cuesta (ICRANet-Pescara, University of Rome, 
ICRANet-Pescara) 
 

We generalize the Christodoulou-Ruffini mass formula (mass decomposition expression 
for Einstein-Maxwell black holes) for any spherically symmetric and nonlinear charged 
black hole in the context of reversible transformations. To obtain such a mass-energy 
decomposition, we use an alternative and consistent way that circumvents the 
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difficulties to get it analytically in the traditional approach of black hole 
thermodynamics. By extrapolating this mass-energy decomposition as also being valid  
for the most general transformation undergone by a black hole, we also show that the 
known first law of black hole thermodynamics is its direct consequence. Such a mass 
decomposition naturally takes into account thermodynamic aspects of the problem, 
mandatory for its proper description. It may address controversial issues in black hole 
astrophysics, such as naked singularities, once their associated masses and charges are 
not independent variables anymore. This will be showed to be the case in Einstein-Born-
Infeld black holes, where the effective Lagrangian to the electromagnetism is taken to 
be the analogous to the one derived by Born and Infeld in the 30s, and known to be the 
one arising in String Theory in the limit of low energies. 
 
Analytical Models for Relativistic, Anisotropic Stellar Systems 
Phuc H Nguyen (University of Texas at Austin) 
 
Spherical systems such as polytropes are of great interest in astrophysics: they are 
widely used to describe neutron stars, red giants, white dwarfs, brown dwarfs, main 
sequence stars, galactic halos and globular clusters of diverse sizes. In this talk, we first 
construct a family of self-consistent spherical models with local anisotropy, in the post-
Newtonian approximation of general relativity. These models present interesting cusps 
in their density profiles which are appropriate for the modeling of galaxies and dark 
matter halos. Among the family, we find the post-Newtonian generalization of the 
Plummer and Hernquist models. Next, an exact solution of Einstein equation is 
presented whose Newtonian limit gives the same potential-density pair considered 
above, and also the velocity dispersion computed from the Newtonian distribution 
function. In this paper, we study a family of 2-component anisotropic polytropes which 
model a wide range of spherically symmetric astrophysical systems such as early type 
baryonic galaxies. This family is found to contain a large class of models such as the 
hypervirial family (which satisfy the virial theorem locally), the Plummer and Hernquist 
models, and NFW-like models. The potential-density pair for these models are derived, 
as well as their velocity dispersions and anisotropy parameters. The projected quantities 
are computed and found to reduce to analytical expressions in some cases. The 
following section presents an extension of the 2-term anisotropic polytropes to 
encompass a very wide range of potential-density pairs. In the next section, we present 
the general relativistic extension of the potential-density pair, and calculate the stress-
energy tensor, the relativistic anisotropy parameter, the velocity of circular orbits and 
the angular momentum. Remarkably, for the case of the hypervirial family the 
relativistic pressure in the Newtonian limit and the relativistic anisotropy parameter are 
found to coincide with the corresponding Newtonian expressions. The weak, dominant 
and strong energy conditions are found to be satisfied only for a certain range of the 
free parameters. We show that the relativistic hypervirial family also has a finite total 
mass like its Newtonian counterpart. In the first appendix, a relativistic extension of a 
different hypervirial family of models is studied, and the relativistic anisotropy 
parameter is found to coincide with the Newtonian one. Finally, we present a family of 
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models obtained from our distribution function that are similar to the Ossipkov-Merritt 
models; by computing their anisotropy parameters we show that they model systems 
with isotropic cored and radially anisotropic exteriors. 
 
Nonrotating Charged Black Holes in Einstein-Euler-Heisenberg Theory 
Yuanbin Wu (Sapienza University of Rome), 
Remo Ruffini, She-Sheng Xue 
 

Taking into account the Euler-Heisenberg effective Lagrangian of one-loop 
nonperturbative Quantum Electrodynamics (QED) contributions, we formulate the 
Einstein-Euler-Heisenberg theory. On the basis of this theory, we study the solutions of 
nonrotating black holes with electric and magnetic charges in spherical geometry. In the 
limit of strong and weak electromagnetic fields of black holes, we calculate the black 
hole horizon radius, area, and total energy up to the leading order of QED corrections, 
and discuss the black hole irreducible mass, entropy, and maximally extractable energy 
as well as the Christodoulou-Ruffini mass formula. We find that these black hole 
quantities receive the QED corrections, in comparison with their counterparts in the 
Reissner-Nordstrom solution. The QED corrections show the screening effect on black 
hole electric charges and the paramagnetic effect on black hole magnetic charges. As a 
result, the black hole horizon area, irreducible mass, and entropy increase; however, the 
black hole total energy and maximally extractable energy decrease, compared with the 
Reissner-Nordstrom solution. In addition, we show that the condition for extremely 
charged black holes is modified due to the QED correction. 

 
Parallel Session III: History of Relativistic Astrophysics I 

11:00am, Regency Ballroom 

Session Chair: J. Renn 

 
Early Black Hole Development: A Princeton View 
Charles W Misner (University of Maryland) 
 

Although John Wheeler was distracted by singularity questions from the idea of a (later 
named) black hole as a completely formed object distinct from the matter that created 
it, Finkelstein's 1958 description of the BH horizon (without his assigning it astrophysical 
significance) led to a clear picture.  That picture gave a restatement of the 
Oppenheimer-Snyder collapse analysis where the empty space outside the collapsing 
matter, but inside the horizon, was included. This was done in a 1962 senior thesis I 
directed <http://hdl.handle.net/1903/4280> and described at a June 1963 meeting 
where many GR groups (but no Russians) were represented. My "NUT space" paper of 
1963 was based on a paper which Kerr also cited in his 1963 paper on (what was later 
seen to be) a description of a spinning black hole. That coincidence led me eventually to 
understand the difficulties Kerr had in finding his metric. 
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The Route to the Einstein/Einstein-Maxwell metrics of an uncharged or 
charged spinning particle  
E. Ted Newman (University of Pittsburgh) 
 

We describe the slightly tangled story that begins with the spin-coefficient equations of 
Newman and Penrose and ends with a complex coordinate transformation applied to 
the Schwarzschild and Reissner-Nordstom metrics.   Along the way we see the origins of 
the Kerr and the Kerr-Newman metrics. 
 
Reminiscences 
Engelbert Schucking (New York University) 
 

 
Plenary Presentation VIII 

2:00pm, Regency Ballroom 

Session Chair: V. Kaspi 

 
Cosmological Tests of General Relativity  

Edmund Bertschinger (Massachusetts Institute of Technology) 

 

Plenary Presentation IX 

2:45pm, Regency Ballroom 

Session Chair: V. Kaspi 

 

Active Galactic Nuclei 

Roger Blandford (Stanford University) 

 

Parallel Session IV: Inhomogeneous Cosmologies, Backreaction and Averaging 

4:00pm, Gold Room 

Session Chair: C. Hellaby 

 

Observations in Inhomogeneous Models and the Szekeres Metric 
Charles Hellaby (University of Cape Town), 
Anthony Walters (University of Cape Town) 
 

The Szekeres metric is a very interesting inhomogeneous model with no symmetries.  
Consequently, light ray paths are not simple and the relationship between observations 
and the metric functions is complicated.  Investigations so far have not dealt with the 
general case. We develop a framework for calculating observations in general 
inhomogenous models, set this up as a numerical scheme, and test it using the Szekeres 
metric. The scheme has passed various tests, but results so far are very preliminary. 
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Redshift Drift and Supernovae in Inhomogeneous Pressure Cosmology 
Mariusz P. Dabrowski (University of Szczecin, Poland) 
 

The spherically symmetric inhomogeneous pressure Stephani universes are 
complementary to the spherically symmetric inhomogeneous density Lemaitre-Tolman-
Bondi (LTB) models in the sense that unlike in LTB models the energy density is 
homogeneous but the pressure is not. In the talk we will discuss a redshift drift formula 
and a redshift-magnitude formula for these models. We will show that there is a clear 
difference between redshift drift predictions for these two models as well as between 
the Stephani models and the standard LCDM Friedmann models. The Stephani models 
have positive drift values at small redshift and behave qualitatively (but not 
quantitatively) as the LCDM models at large redshift, while the drift for LTB  models is 
always negative. This prediction may be tested in future extremely large telescopes and 
especially by gravitational wave interferometers. Using the redshift-magnitude relation 
for inhomogeneous pressure models we will also give restrictions onto the both 
centrally placed and non-centrally placed observations and show how they fit the data 
from supernovae. References: A. Balcerzak and M.P. Dabrowski, Phys. Rev. D87, 063506 
(2013); M. P. Dabrowski, Astrophys. J. 447, 43 (1995); M. P. Dabrowski and M. A. Hendry, 
Astrophys. J. 498, 67(1998); A. Balcerzak, T. Denkiewicz, and M.P. Dabrowski, in preparation. 

 
Gravitation of Discrete Inhomogeneities for Different Topologies of Universe 
Maxim Eingorn (North Carolina Central University, CREST and NASA Research Centers) 
 
Essentially non-hydrodynamical presentation of inhomogeneities (galaxies) in the form 
of a system of point-like masses (that is neglect of their dimensions in comparison with 
separation distances) and use of the exact expression for the corresponding energy-
momentum tensor for construction of the scalar perturbation theory enable to examine 
different possible Universe topologies for reasonableness of arising gravitational 
potentials. The standard spherical, RxRxR and hyperbolic spaces as well as the 
topologies RxRxT, RxTxT and, of course, TxTxT (Lattice Universe) are investigated in this 
connection. Potentials of the gravitational field created by inhomogeneities are derived 
and their singularities are analyzed. As a result of this screening procedure six 
mentioned topological types are divided into potentially viable and doubtful. The 
hyperbolic space turns out to be preferable. 

 

Intuitive and Efficient Model Building with Szekeres Solutions 
Roberto Sussman (ICN-UNAM) 
 
The non-spherical Szekeres models are perhaps the less idealized available exact 
solutions  of Einstein's equations.  Their potential for application to test cosmic 
observations and theoretical proposals has not beeen fully explored. Working with 
these models becomes more intuitive and efficient by introducing a new set of variables 
related to weighted averages of covariant scalars, with the latter becoming exact 
peturbations of the former. The models become completely determined by a system of 
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evolution equations for the new variables and their perturbations. Since the spacelike 
constraints are algebraic, numerical work becomes greatly simplified, as the evolution 
equations can be handled as ODE's constrained by position dependent initial conditions.  
The new variables are also useful for theoretical and formal analytic work. In particular, 
the exact density perturbation yields exact expressions for the "growing" and "decaying" 
density modes that generalize the modes of linear perturbation theory of dust sources. 
This provides a fully covariant interpretation for the "Goode and Wainwright" variables 
frequently used (as a coordinate ansatz) in most previous work on these models. 
 
Evidence for a Large Local Underdensity and the Implications for Cosmology 
Ryan C Keenan (ASIAA, Taiwan), 
Amy J. Barger, Lennox L. Cowie (University of Wisconsin Madison, Institute for Astronomy Hawaii) 
 

Galaxy counts and recent measurements of the luminosity density in the near-infrared 
have indicated the possibility that the local universe may be underdense on scales of 
several hundred megaparsecs (Mpc). The presence of a large-scale underdensity in the 
local universe could introduce significant biases into the interpretation of cosmological 
observables, and, in particular, into the inferred effects of dark energy on the expansion 
rate. We have measured the K-band (~2 micron) luminosity density as a function of 
distance from us to test for such a local underdensity (Keenan et al. 2013, ApJ 775, 62). 
We find a local (z < 0.07, D < 300 Mpc) luminosity density that is in good agreement with 
previous studies. At distances greater than 300 Mpc (z > 0.07), we detect a rising 
luminosity density that reaches a value of roughly ~1.5 times higher than that measured 
locally beyond 400 Mpc (z>0.1). K-band luminosity is a good tracer of stellar mass, which 
suggests that the stellar mass density follows a similar trend. Assuming that luminous 
matter traces the underlying dark matter distribution, this implies that the local mass 
density of the universe may be lower than the global value on a scale and amplitude 
sufficient to introduce significant biases into the determination of basic cosmological 
observables, such as the expansion rate. An under-density of roughly this scale and 
amplitude would be sufficient to resolve the apparent tension between direct 
measurements of the Hubble constant and those inferred by Planck. 

 
Quantifying the Copernican Principle and Cosmic Variance on H0 
Wessel Valkenburg (Leiden University) 
 
I will show how the Copernican Principle can be turned into a falsifiable hypothesis, by 
comparing LCDM predictions for the distribution of matter inhomogeneities to 
observational constraints on our gravitational potential. As a consequence we obtain an 
estimation of a significant systematic error on the measurement of the Hubble 
expansion rate from local observations. This new systematic error partially relieves the 
tension between astrophysical measurements of H0 and constraints on H0 coming from 
the Planck Satellite's observations. 
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Large-Scale Growth Evolution in the Szekeres Inhomogeneous Cosmological Models 
with Comparison to Growth Data 
Austin Peel (University of Texas at Dallas), 
Mustapha Ishak, Michael Troxel 
 

The role of nonlinear inhomogeneities in the overall cosmic dynamics of the universe is 
not yet well understood. The related and important question of how inhomogeneities 
can bias our interpretation of observations is recently garnering more attention as well. 
We address these issues from the perspective of the growth of large-scale structure by 
studying inhomogeneous cosmological models containing a cosmological constant and 
(potentially) spatial curvature. We use the general Szekeres models in their Goode and 
Wainwright formulation to derive evolution equations for exact nonlinear perturbations 
of a smooth Friedmann-like background. These perturbations are quantified by a density 
contrast, the growth rate of which we find to be stronger in the matter-dominated era 
than the standard Lambda-cold dark matter (LCDM) cosmology for various models. With 
a cosmological constant present, the growth rate is suppressed at late times, as it is in 
LCDM, and we are able to find Szekeres models that essentially reproduce the LCDM 
growth history but for different cosmological density parameters. As a step toward 
confronting the models against observations, we obtain best fit Szekeres parameters 
using data for the growth factor from redshift space distortions and the Lyman-alpha 
forest. We conclude that there exist Szekeres models able to provide a competitive fit to 
growth data compared to the standard concordance model, though the different 
density parameter values suggest a different interpretation of the relative contents of 
the universe. 
 
The Effects of Structure Anisotropy on Lensing Observables in an Exact General  
Relativistic Setting for Precision Cosmology 
M.A. Troxel (University of Texas at Dallas), 
Mustapha Ishak, Austin Peel 
 

The study of relativistic, higher order and nonlinear effects has become necessary in 
recent years in the pursuit of precision cosmology. We develop and apply here a 
framework to study gravitational lensing in exact models in general relativity that are 
not restricted to homogeneity and isotropy, and where full nonlinearity and relativistic 
effects are included. We apply the framework to a specific, anisotropic galaxy cluster 
model which is based on a modified NFW halo density profile and described by the 
Szekeres metric. We examine the effects of increasing levels of anisotropy in the galaxy 
cluster on lensing observables like the convergence and shear for various lensing 
geometries, finding a strong nonlinear response in both the convergence and shear for 
rays passing through anisotropic regions of the cluster. Deviation from the expected 
values in a spherically symmetric structure are asymmetric with respect to path 
direction and thus will persist as a statistical effect when averaged over some ensemble 
of such clusters. The resulting relative difference in various geometries can be as large 

as approximately 2%, 8%, and 24% in the measure of convergence (1-) for levels of 
anisotropy of 5%, 10%, and 15%, respectively, as a fraction of total cluster mass. For the 
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total magnitude of shear, the relative difference can grow near the center of the 
structure to be as large as 15%, 32%, and 44% for the same levels of anisotropy, 
averaged over the two extreme geometries. The convergence is impacted most strongly 
for rays which pass in directions along the axis of maximum dipole anisotropy in the 
structure, while the shear is most strongly impacted for rays which pass in directions 
orthogonal to this axis, as expected. These effects due to anisotropic substructure are 
likely to affect practical lensing measurements and must be fully examined in an era of 
precision cosmology. 

 

Parallel Session IV: Tidal Disruption Event 
4:00pm, Parisian Room 
Session Chair: M. Kesden 

 

Radio Observations of the Tidal Disruption Event Swift J1644+57 
Ashley Zauderer (NSF AAPF/Harvard University), 
Edo Berger, Guy Pooley, Rafaella Margutti, Re'em Sari (Harvard University, MRAO/Cavendish, Harvard 
University, Hebrew University) 
 

On 25 March 2011, an unusual gamma-ray detected transient source (Swift 
J164449.3+573451) was found.  The long-lived X-ray emission and its decline rate, the 
coincidence of this source with the nucleus of an inactive galaxy, and the energetics 
indicate this to be a strong candidate for transient accretion onto a supermassive black 
hole from the tidal disruption of a solar mass star.  I will show how radio detections 
established the presence of a relativistic outflow, not predicted to occur in tidal 
disruption events.  I will summarize the extensive monitoring campaign at radio 
wavelengths, whereby we track the parsec-scale environment around a previously 
dormant supermassive black hole.  Additionally, the radio observations inform the 
energetics of the event, the Lorentz factor, and the size.  Finally, I will discuss the most 
recent dramatic change in X-ray emission and compare it to our radio observations.  I 
will summarize the theoretical models presented to-date to explain the observations, 
and give a brief overview of predicted future behavior and our observing strategy.  I will 
conclude with some comments about other tidal disruption event candidates and 
constraints on event rates. 

 

A Joint Analysis of PS1-10jh and PS1-11af: Comparing and Contrasting Two Near-
Eddington Tidal Disruption Events 
James Guillochon (Harvard), 
Ryan Chornock, Edo Berger, Enrico Ramirez-Ruiz (Harvard, Harvard, UC Santa Cruz) 
 

The full disruption of a star by a supermassive black hole can result in mass accretion 
rates that exceed the Eddington limit by a couple orders of magnitude. In such events, 
the black hole is likely incapable of accepting the full dose of mass provided by the 
disrupted star, and thus may eject a significant fraction of this mass through a wind. 
While the tidal disruption event (TDE) PS1-10jh appears to have no significant 
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absorption features, a second TDE (PS1-11af) shows clear evidence of metal-line 
absorption features with blue-shifted velocities in excess of 10,000 km/s near peak 
luminosity. We show that the multiband light curves of both events are well-modeled as 
an elliptical debris disk with a reprocessing zone, and argue that the absorption features 
of PS1-11af are likely associated with a wind that develops when the accretion rate 
exceeded Eddington for a brief period. Such an interpretation suggests that PS1-11af is 
an important "transition" TDE, whose behavior may help us understand the conditions 
under which winds may be generated. 

 

Tidal Distruption of a Sub-stellar Object in NGC 4845 
Marek Nikolajuk (University of Bialystok, Faculty of Physics, Poland), 
Roland Walter (University of Geneva, ISDC, Switzerland) 
 

The hard X-ray flare was observed in January 2011 by INTEGRAL, Swift and XMM-
Newton satellites. The outburst was associated to NGC 4845, a galaxy never detected in 
hard X-ray radiation previously. The analysis points out the tidal disruption of about 10% 
of an object with a mass of 14-30 Jupiter by a central black hole weighting no more than 
106 solar mass. The high-energy emission came from a corona forming the accretion 
flow. 
 
General Relativistic Precession in Tidal Disruption Events 
Nicholas Chamberlain Stone (Columbia University), 
Abraham Loeb, Kimitake Hayasaki (Harvard University, KASI) 
 

In tidal disruption events (TDEs), stars passing too close to supermassive black holes are 
violently torn apart. These energetic events have bolometric luminosities comparable to 
supernovae, but observations of TDEs can generally begin only after highly eccentric 
debris streams have circularized into a luminous accretion disk. It is likely that the 
circularization process is mediated by general relativistic effects: circularization is aided 
by apsidal precession and hindered by nodal precession due to Lense-Thirring torques. I 
will discuss whether the spin of the black hole can leave an observable imprint on the 
disk formation process, and the disk’s subsequent evolution. 
 

The Fate of Debris for a Tidally Disrupted Star 
Roseanne M Cheng (Georgia Institute of Technology), 
Tamara Bogdanovic, Charles R. Evans (Georgia Institute of Technology (Tamara Bogdanovic), University of 
North Carolina at Chapel Hill (Charles R. Evans)) 
 

The tidal disruption of a star can serve as a diagnostic for the presence of a dormant 
black hole in a distant galaxy. While such tidal disruption events are rare, they give rise 
to powerful flares of emission at and above Eddington luminosity, with spectral features 
and timescales that might reveal both the type of star and the mass (and perhaps spin) 
of the black hole. In our study, we consider relativistic encounters between stars and 
black holes at the threshold of disruption. We develop a numerical code whose central 
feature is the use of Fermi normal coordinates (FNC). We characterize the mass loss 



27th Texas Symposium on Relativistic Astrophysics – Dallas, TX – Dec. 8-13, 2013 

54 | P a g e  
 

from the star and provide a detailed view into the (hydro)dynamics of the remnant and 
debris. We present the orbital parameters of the debris after disruption for two 
different regimes in star to black hole mass ratio. This provides initial conditions for a 
follow up calculation with fully general relativistic hydrodynamics to model the early 
accretion of debris onto the black hole with high accuracy. We calculate the rate of 
return to periastron for the debris for disruptive and partially disruptive encounters. 
This new and timely development in tidal disruption studies is directly motivated by the 
anticipated abundance of data from the current and upcoming multi-wavelength 
surveys of the transient sky. 

 

Pan-STARRS1 Observations of Tidal Disruption Events 
Ryan Chornock (Harvard-Smithsonian Center for Astrophysics), 
and the PS1 and CfA Transient teams 
 

The Pan-STARRS1 Medium Deep Survey has been conducting a deep wide-field survey 
for astrophysical transients.  I will describe our discovery and analysis of two events also 
detected by coordinated ultraviolet observations with the GALEX satellite.  These events 
both occurred in quiescent early-type galaxies with no evidence for star formation or 
AGN activity.  Both events exhibited light curve shapes consistent with expectations for 
the tidal disruption of stars by supermassive black holes.  The optical spectra of both 
had unusual features; in one case, broad He II emission with no hydrogen lines, and in 
the other, broad UV absorption lines.  The details of the line production remain 
mysterious, as do the unexpectedly cool blackbody temperatures, which we interpret as 
being the result of reprocessed disk emission. 
 

Parallel Session IV: High Energy Astrophysics–Extragalactic 
4:00pm, Oak Room 
Session Chair: B. Dingus 

 

VHE gamma-rays from Radio-galaxies 
Frank Rieger (MPIK Heidelberg) 
 
In the last couple of years, radio galaxies have emerged as a new gamma-ray emitting 
source class on the extragalactic sky. Harboring jets that are substantially inclined with 
respect to the observer, their appearance is not much affected by Doppler boosting 
effects. As such they offer the unique potential to probe some of the fundamental 
physical processes in AGN that appear otherwise masked in classical blazar type sources. 
I will review the current status of the field with respect to the observed VHE 
characteristics and discuss the theoretical progress achieved within recent year for the 
prototype galaxy M87. 
 
VERITAS Observations of Active Galactic Nuclei above 0.1 TeV 
Manel Errando (Barnard College, Columbia University), 
VERITAS Collaboration 
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A total of 55 active galactic nuclei (AGN) are known to radiate up to TeV energies (E>0.1 
TeV), with gamma-ray emission originating in their relativistic jets. The VERITAS array of 
atmospheric Cherenkov telescopes in southern Arizona is one of the world’s most 
sensitive detectors of TeV gamma rays. Recent highlights from the VERITAS extragalactic 
observation program will be presented. These include the first detection of sub-hour 
TeV flux variability from BL Lacertae, two major flares from the well-studied blazar 
Markarian 421 (Feb 2010 and Apr 2013) that rank among the brightest events ever 
caught by TeV instruments, the first TeV observations of a gamma-ray-emitting Seyfert 1 
galaxy during a GeV flare, and the surprising discovery of VER J0521+211, a very bright 
and luminous blazar that eluded TeV detection by the current generation of TeV 
telescopes for several years. These observations present strong challenges to current 
models of energy dissipation in relativistic jets, especially concerning the role of ambient 
photon fields in the radiation mechanisms, and the size and location of the gamma-ray 
emission region. 
 
Particle Acceleration at Shocks in Relativistic Jets 
Matthew Baring (Rice University) 
 
Diffusive shock acceleration at relativistic plasma shocks is believed to be an important 
mechanism for accelerating charges to ultra-relativistic energies in a variety of 
astrophysical objects, including extragalactic jets in active galactic nuclei and gamma ray 
bursts.   Such radiating jets remain strong and interesting candidate sites for ultra-high 
energy cosmic ray and non-thermal neutrino generation. In this talk, results from 
simulations of such diffusive acceleration in relativistic, oblique, magnetohydrodynamic 
shocks are presented.  Regimes of small angle scattering form a central focus, and a 
variety of shock obliquities, including superluminal regimes when the de Hoffman-Teller 
frame does not exist, are explored. It is shown that superluminal shocks are inefficient 
accelerators. In contrast, an interesting regime of flat spectrum generation due to shock 
drift acceleration is highlighted for subluminal cases. The talk addresses how 
multiwavelength (radio/X-ray/gamma-ray) observations of blazars can be used to 
constrain information on important environmental quantities for studies of shocks in 
relativistic jets, namely the rate of diffusion and the level of field turbulence. 
  
Fermi Large Area Telescope Detection of Two Very-High-Energy (E>100 GeV) Gamma-
ray Photons from the z=1.1 Blazar PKS 0426-380 
Yasuyuki Tanaka (Hiroshima University), 
C. C. Cheung, Y. Inoue, L. Stawarz, M. Ajello, on behalf of Fermi-LAT collaboration (NRL, SLAC/KIPAC, 
ISAS/JAXA, UC Berkeley) 
 

We report the Fermi Large Area Telescope (LAT) detection of two very-high-energy 
(VHE, E>100 GeV) gamma-ray photons from the directional vicinity of the distant 
(redshift, z = 1.1) blazar PKS 0426-380. The null hypothesis that both the 134 and 122 
GeV photons originate from unrelated sources can be rejected at the 5.5 sigma 
confidence level. We therefore claim that at least one of the two VHE photons is 
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securely associated with PKS 0426-380, making it the most distant VHE emitter known 
to date. The results are in agreement with theoretical expectations as well as recent 
Fermi-LAT constraints on the Extragalactic Background Light (EBL) intensity, both of 
which imply a z~1 horizon for ~100 GeV photons. The LAT detection of the two VHE 
gamma-rays coincided roughly with flaring states of the source, although we did not find 
an exact correspondence between the VHE photon arrival times and the flux maxima at 
lower gamma-ray energies. Modeling the gamma-ray continuum of PKS 0426-380 with 
daily bins revealed a significant spectral hardening around the time of the first VHE 
event detection (LAT photon index ~ 1.4) but on the other hand no pronounced spectral 
changes near the detection time of the second one. This combination implies a rather 
complex variability pattern of the source in gamma rays during the flaring epochs. An 
additional flat component is possibly present above several tens of GeV in the EBL-
corrected Fermi-LAT spectrum accumulated over the ~8-month high state. 
 
A Hydrodynamical Model for the Gamma-ray Light Curve of Blazar PKS 1510−089 
Yaxk'in Ú Kan Coronado (Instituto de Astronomia, UNAM), 
S. Mendoza, J. I. Cabrera, E. Benítez, D. Hiriart, M. Sorcia (Instituto de Astronomia, UNAM) 
 

A physical description of the formation and propagation of working surfaces inside the 
relativistic jet of the blazar PKS 1510−089 are used to model its gamma-ray variability 
light curve using Fermi-LAT data from 2008 to 2012. The physical model is based on 
conservation laws of mass and momentum at the working surface as explained by 
Mendoza et al. (2009). The hydrodynamical description of a working surface is 
parametrized by the initial velocity and mass injection rate at the base of the jet. We 
show that periodic variations on the injected velocity profiles are able to account for the 
observed luminosity, fixing model parameters such as mass ejection rates of the central 
engine injected at the base of the jet, oscillation frequencies of the flow and maximum 
Lorentz factors of the bulk flow during a particular burst. As a bonus this model is also 
able to reproduce the complex light curves like the HST-1 knot in the radio galaxy M87, 
during the outburst of 2005 and the light curve in X-ray of the microquasar A0620-00. 

 
Parallel Session IV: Large-Scale Structure 
4:00pm, Continental Room 
Session Chair: P. Shapiro 

 

Recent Direct Measurements of H0 and Future Prospects 
Wendy Freedman (Carnegie Observatories) 
 

Accurate distances remain central to a number of fundamental problems in astrophysics 
and cosmology. A more accurate measurement of the Hubble constant is critical for 
providing independent constraints on dark energy, the geometry, and matter density of 
the universe. The increased precision of cosmic microwave background fluctuations 
(most recently with the Planck satellite) make these direct comparisons even more 
critical, given the physical degeneracies amongst different cosmological parameters. 
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There has been fundamental progress over the last couple of decades in measuring 
extragalactic distances. The most recent decade has seen an improvement in precision 
from 10% to 5%. The upcoming decade promises robust distances and a measurement 
of the Hubble constant to a few percent accuracy. I will describe the Carnegie Hubble 
Program (CHP) to measure the Hubble constant to 3% accuracy using the Spitzer 
satellite, the Hubble Space Telescope and the ground-based Magellan telescopes. 
Controlling systematic errors remains the key component in achieving higher accuracy. 
Several independent methods for measuring distance will be required to reach this 
overall level of accuracy. 
 
Real-space Density Profile Reconstruction of Stacked Voids 
Alice Pisani [Institut d'Astrophysique de Paris (IAP)], 
Guilhem Lavaux, Paul M. Sutter, Benjamin D. Wandelt (Institut d'Astrophysique de Paris-France, University 
of Illinois at Urbana-Champaign, Urbana) 
 

We present a non-parametric, model-independent method to reconstruct the spherical 
density profiles of void stacks in real space, without redshift-space distortions. Our 
method uses the expected spherical symmetry of stacked voids to build the shape of the 
spherical density profile of cosmic voids in real space without any assumption about the 
cosmological model. We test the reconstruction algorithm with both a toy model and a 
full dark matter simulation. We present the result for the simulation: the reconstruction 
of the spherical density profile for a simulated stacked void in real space. We also 
present a first application of the algorithm to reconstruct real cosmic void stacks density 
profiles in real space from the Sloan Digital Sky Survey (Sutter et al. 2012b). We discuss 
capabilities of the algorithm and possible future improvements. Reconstructed density 
profiles from real voids are the first step to study the spherically averaged dynamical 
structure of voids in real space. The reconstruction method does not make any 
cosmological assumption about the model, thus the density profile reconstruction of 
stacked voids in real space opens the way to better constrain the value of the Hubble 
constant and eventually cosmological models (including modified gravity models) and 
new physics on current and future data sets such as the Euclid survey. 
 

AFTA/WFIRST and Dark Energy 
David Spergel (Princeton University) 
 
The availability of a 2.4 meter optical telescope assembly enables a more powerful 
version of the WFIRST mission.  Using a wide field infrared camera and an IFU, the 
mission will be able to use supernova, weak lensing measurements, Baryon Acoustic 
Oscillations and galaxy dynamics to trace the evolution of dark energy and to test 
general relativity on the largest scales. 
 

Large Scale Bayesian Inference in Cosmology 
Jens Jasche [Institute d'Astrophysique de Paris (IAP)] 
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Already the last decade has witnessed unprecedented progress in the collection of 
cosmological data. Presently proposed and designed future cosmological probes and 
surveys permit us to anticipate the upcoming avalanche of cosmological information 
during the next decades. The increase of valuable observations needs to be 
accompanied with the development of efficient and accurate information processing 
technology in order to analyse and interpret this data. In particular, cosmography 
projects, aiming at studying the origin and inhomogeneous evolution of the Universe, 
involve high dimensional inference methods. For example, 3d cosmological density and 
velocity field inference requires to explore on the order of 107 or more parameters. 
Consequently, such projects critically rely on state-of-the-art information processing 
techniques and, nevertheless, are often on the verge of numerical feasibility with 
present day computational resources. For this reason, in this talk I will address the 
problem of high dimensional Bayesian inference from cosmological data sets, subject to 
a variety of statistical and systematic uncertainties. In particular, I will focus on the 
discussion of selected Markov Chain Monte Carlo techniques, permitting to efficiently 
solve inference problems with on the order of 107 parameters. Furthermore, these 
methods will be exemplified in various cosmological applications, raging from 3d non-
linear density and photometric redshift inference to 4d physical state inference. These 
techniques permit us to exploit cosmologically relevant information from observations 
to unprecedented detail and hence will significantly contribute to the era of precision 
cosmology. 
 
The Large Scale Clustering of the Lyman-alpha Forest 
Nishikanta Khandai (Brookhaven National Laboratory), 
Rupert A. C. Croft, Anze Slosar, Tiziana Di Matteo (Carnegie Mellon University, Brookhaven National 
Laboratory, Carnegie Mellon University) 
 

We study the large scale clustering properties of the lyman-alpha forest in the redshift 
range 3.5>z>2 with the aid of the largest hydrodynamic simulation run to date (over 137 
billion particles in a comoving volume 570 Mpc3). We use a novel method where we 
cross-correlate the lyman-alpha forest flux fluctuations with the underlying dark  
matter fluctuations to extract the large scale bias, redshift space distortion parameter 
\beta and the intrinsic scatter between the flux and matter fluctuations. We find that 
the scatter is scale free(white) and both bias and beta evolve strongly with redshift. We 
conclude with a discussion of our results in light of  recent observations of the forest in 
Baryon Oscillation Spectroscopic Survey (BOSS). 
 
Innovative Cosmology with Cosmic Voids 
Paul Sutter (Paris Institute of Astrophysics), 
Benjamin Wandelt, Guilhem Lavaux, Nico Hamaus, David Weinberg, Mike Warren (Ohio State University, 
Los Alamos National Lab) 
 

Voids are the large, underdense regions in the cosmic web. While they are obviously 
useful cosmological probes, due to their intimate connection to the growth of structure, 
they are also interesting places to study astrophysics such as neutrino mass and 
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primordial magnetic fields. I will present the latest work to identify voids in galaxy 
redshift surveys, how they connect to underdensities in dark matter, and the first results 
in exploiting their properties (sizes, shapes, interior contents) for scientific gain. 

 
Parallel Session IV: Nuclear Astrophysics 
4:00pm, Far East Room 
Session Chair: T. Aumann 
 

Indirect Methods in Nuclear Astrophysics: Asymptotic Normalization Coefficients and 
Trojan Horse 
Akram Mukhamedzhanov (Texas A&M University) 
 

Nucleosynthesis in Universe, i.e. the “cooking” processes of elements proceeds through 
variety of astrophysical reactions and decays like (p,gamma), (n,gamma), (alpha, 
gamma), (p,alpha), (alpha, p), (n,alpha), (alpha,n). The conditions, at which astrophysical 
reactions proceed in stellar environment, makes difficult or impossible to measure them  
in the laboratory conditions. That is why different indirect methods are often necessary 
to obtain important astrophysical information. In my talk I will address two indirect 
methods, asymptotic normalization coefficient (ANC) technique and the Trojan Horse 
(TH).   ANC method provides a powerful tool to determine astrophysical factors and 
reaction rates for radiative capture processes. I will address the application of the ANC 

method for astrophysical processes of CNO cycle including 14N(p,)15O, 15N(p,)16O, 
17F(p,)18Ne  and primordial process  ((d, )6Li.  I will discuss how the ANC method 
allows one to calculate the direct capture S(E) astrophysical factors, the interference 
character of direct and resonance capture amplitudes and limitations on radiative width 
amplitudes. TH method provides another powerful indirect technique to determine 
astrophysical resonant rearrangement reactions. I will address the application of the TH 

method for analysis of 15N(p,)12C, 19F(p.)16O, 18O(p,)15N  resonant reactions. Finally I 
will address combined application of the ANC and TH methods to determine the 

reaction rates for the reaction 13C(,n)16O, which is considered  as a possible neutron 
generator in AGB stars. 
 
Key Issues Regarding Neutrinos and Nucleosynthesis in Core Collapse Supernovae 
Grant J Mathews (U. Notre Dame, NAOJ), 
T. Kajino, J. Hidake, K. Naknamura, T. Hayakawa, M.-K. Cheoun, M. Warren (NAOJ, NAOJ, NAOJ, Japan 
Atomic Energy Agency, Soongsil U., UND) 
 

Neutrino interactions are a key component of the mechanism for supernova explosions 
and also play an important role in the associated nucleosynthesis. Nevertheless, a 
number of issues remain to be resolved. This talk will summarize some of the current 
issues regarding neutrino interactions in the core and outer envelopes as a supernova 
progresses. In addition to the neutrino transport issues, we will review some current 
topics in neutrino-induced nucleosynthesis (the ν-process) and how neutrino oscillations 
and nucleosynthesis might modify the explosion dynamics and/or constrain the neutrino 
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mass hierarchy. We will also review the nuclear physics issues surrounding the current 
conundrum regarding the prospects for the nucleosynthesis of heavy elements in the 
neutrino-energized wind above the nascent neutron star. We also review the critical 
role of neutrinos in the high temperature accretion disk around the black hole of a failed 
supernova (GRB collapsar model).  We present numerical  r-process calculations in the 
context of a MHD + neutrino pair heated collapsar simulation. Neutrino heating of the 
jet is crucial for achieving the required relativistic outflow and at the same time 
generating material with a high neutron excess. This model utilizes relativistic 
magnetohydrodynamic simulations including ray-tracing neutrino transport to describe 
the development of the black hole accretion disk and the heating of the funnel region to 
produce a relativistic jet. The late time evolution of the jet then utilizes axisymmetric 
special relativistic hydrodynamics to follow the temperature, entropy, electron fraction, 
and density for representative test particles flowing with the jet. The evolution of 
nuclear abundances within the relativistic outflowing jet leads to an r-process-like 
abundance distribution. We also discuss the nuclear physics issues regarding the 
delectability of the diffuse relic supernova neutrino background and the possible role of 
relic supernova neutrinos in resolving the supernova rate problem. 
 
Nuclear Physics for Astrophysics: From the Laboratory to the Stars 
Livius M Trache (IFIN-HH) 
 

When Sir Eddington first understood that only nuclear reactions could be the source of 
stars' light, nuclear physics was in its infancy and could not provide the precise 
knowledge to support and detail this brilliant assumption. Decades later, though, it gave 
the impulse to what became precise cosmology and now there is much work in the 
nuclear physics laboratories to understand the underlying physics and measure the 
details of nuclear reactions that happened and happen in stars. I will talk about a few of 
these, and how we try to solve the experimental problems arising from the fact that the 
stars are cold (relative to the nuclear lab energies). Nuclear physics for astrophysics 
contributes to deciphering the unique fingerprints left in stars by the nuclear reactions. 
 
Interaction of Neutrons With 7Be; Last Nuclear Physics Attempt to Solve the 
"Primordial 7Li Problem" 
Moshe Gai (Yale and UConn) 
 

Primordial 7Li is primarily the product of the beta-decay of 7Be. Attempt to solve the 
"Primoridal 7Li Problem" by destroying 7Be in the interactions with deuterium has thus 

far failed. The destruction of 7Be in the 7Be + neutron --->  +  have been measured for 
the last time in 1963 and BBN calculations use the reaction rate for this reaction that 
was compiled by Wagoneer in 1967 using these data. We propose a modern day 
measurement(s) of the interaction of neutrons with 7Be as the last attempt to solve the 
"Primordial 7Li Problem" employing Nuclear Physics. 
 

Cosmological and Supernova Neutrinos and Nucleosyntheses 
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Taka Kajino [National Astronomical Observatory of Japan (NAOJ), University of Tokyo 
(UT)], 
Dai G. Yamazaki, Kiyotomo Ichiki, Grant J. Mathews, Wako Aoki, Wataru Fujiya, Myung Ki Cheoun, Toshio 
Suzuki, Takaharu Otsuka, A. Baha Balantekin, Yamac Deliduman, Takehito Hayakawa, Satoshi Chiba, Jun 
Hidaka, Shota Shibagaki, Yutaka Hirai (NAOJ, Nagoya University, University of Notre Dame, NAOJ, MPI, 
Soongsil University, Nihon University , UT, University of Wisconsin, Mimar Sinan Fine Arts University, JAEA, 
TIT, NAOJ, UT, UT) 
 

Still unknown mass and oscillation properties of three active neutrino families take the 
significant keys to solve fundamental questions such as why core-collapse supernovae 
(CCSNe) explode, why we need unified theory of elementary particles beyond the 
standard model, etc.  The cosmic background neutrinos and SN neutrinos include all 
three flavors and provide various nucleosynthetic signals through their interactions with 
atomic nuclide.  We here discuss how to determine still unknown neutrino oscillation 
parameters and absolute mass from the studies of Big-Bang nucleosynthesis (BBN), 
explosive nucleosynthesis in supernovae (SNe), galactic chemical evolution (GCE), and 
cosmic microwave background (CMB) anisotropies.  We discuss the BBN to solve the Li 
problem our hybrid axion and SUSY dark matter model, where we also discuss the BBN 
to constrain the magnetic moment of neutrino.  Photo-induced nuclear reactions play 
the significant roles in these cosmological BBN and the SN nucleosynthesis.  Photo-
induced nuclear reactions and charge-exchange reactions can be used for the estimate 
of unmeasured neutrino-induced reaction cross sections for reliable theoretical 
prediction of nuclear abundances.  We here summarize both theoretical and 
experimental nuclear physics studies on these reactions and then apply them to SN 
nucleosynthesis.  We propose how to determine the neutrino mass-hierarchy in our 
studies with the help of the recent experimental constraints on the 13-mixing angle 
from the Daya Bay, Double Chooz, MINOS, RENO and T2K collaborations and the recent 
isotopic abundance constraints from the analysis of SiC X supernova grains of Murchison 
meteorite.  We discuss both difference and similarities of the neutrino spectra emitted 
from different typos of core collapse SNe, i.e. ONeMg-, neutron-star and black-hole 
forming SNe, and GRBs.  Finally, we discuss cosmological constraints on the total 
neutrino mass from the CMB temperature and polarization anisotropies. 
 
Measurement of the 14Be(p,n)14B(1+) Reaction in Inverse Kinematics 
Yoshiteru Satou (Department of Physics and Astronomy, Seoul National University), 
T. Nakamura, Y. Kondo, N. Matsui, Y. Hashimoto, T. Nakabayashi, T. Okumura, M. Shinohara, N. Fukuda, T. 
Sugimoto, H. Otsu, Y. Togano, T. Motobayashi, H. Sakurai, Y. Yanagisawa, N. Aoi, S. Takeuchi, T. Gomi, M. 
Ishihara, S. Kawai, H.J. Ong, T.K. Onishi, S. (TITech, TITech, TITech, TITech, TITech, TITech, TITech, RIKEN 
Nishina Center, RIKEN Nishina Center, RIKEN Nishina Center, RIKEN Nishina Center, RIKEN Nishina Center, 
RIKEN Nishina Center, RIKEN Nishina Center, RIKEN Nishina Center, RIKEN Nishina Center, R) 
 

Weak interaction strengths in nuclei play important roles in the evolution of stars and 
nucleosynthesis [1]. While the nuclear beta decay provides fundamental information on 
such strengths, the (p,n) charge-exchange (CE) reactions at intermediate energies as 
well allow us to have access to this information, with their distinguishing feature of 
being unconstrained by any Qβ limitation. We performed an experimental study of the 
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(p,n) reaction on a neutron drip-line nucleus 14Be using the invariant mass method in 
inverse kinematics at the secondary beam facility RIPS of RIKEN [2]. The data on the 
14Be(g.s.) → 14B(1+) Gamow-Teller (GT) transition process enabled the extraction of 
B(GT) from forward angle (p,n) cross sections. The deduced B(GT) compared well with 
the β-decay value, providing a successful demonstration of the experimental capability 
of extracting GT strengths on unstable nuclei via in-flight decay spectroscopy following 
the CE reaction in inverse kinematics. [1] K.Langanke and G.Martinez-Pinedo, Rev. Mod. 
Phys. 75 (2003) 819. [2] Y.Satou et al., Phys. Lett. B 697 (2011) 459 

 

Parallel Session IV: Gamma Ray Bursts I 

4:00pm, Royal Room 

Session Chair: W. Burgett 

 
The Dynamics of Laterally Spreading Ultra-Relativistic Jets 
Andrew MacFadyen (New York University), 
Hendrik van Eerten (Max Planck Institut (MPE, Garching)) 
 

The dynamics and sideways spreading of narrowly beamed relativistic blast waves, such 
as occur during the afterglow phase of gamma-ray bursts, have long remained 
mysterious. No exact analytical solution for the dynamics exists and the extremely thin 
Lorentz-contracted structure of the blast wave places extreme resolution requirements 
on a numerical approach. By performing high-resolution relativistic hydrodynamics 
simulations in a Lorentz-boosted frame moving along with the blast wave, we show that 
fully resolved simulations are now possible. In this work we report the results of 

boosted-frame simulations of extremely narrow and relativistic jets with angles from 0 
= 0.05 down to 0.001 radians decelerating into a homogeneous interstellar medium that 
allow us to study the spreading of ultra-relativistic jets in detail. We find that a phase of 
exponential spreading does occur across the entire blast wave in the case of very 
narrow blast wave opening angles, but does not last long enough to encompass the 
whole blast wave for jet opening angles of  0.045 radians and above, thus explaining 
their slower lateral expansion. This study is the first to numerically confirm the limiting 
case of exponential spreading for narrow jet evolution predicted analytically. 
 
Black Hole Magnetospheres 
Antonios Nathanail (RCAAM Academy of Athens), 
Ioannis Contopoulos (RCAAM Academy of Athens) 
 

We revisit the Blandford & Znajek (1997) process and solve the fundamental equation 
that governs the structure of the steady-state force-free magnetosphere around a Kerr-
Newman black hole. The solution depends on the distributions of the magnetic field 
angular velocity omega  and the poloidal electric current I. These are not arbitrary.They 
are determined self-consistently by requiring that magnetic field lines cross smoothly 
the two singular surfaces of the problem, the inner 'light surface' located inside the 
ergosphere, and the outer 'light surface' which is the generalization of the pulsar light 
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cylinder. We find the solution for various configurations (monopole, dipole, paraboloid), 
through a numerical iterative relaxation method analogous to the one that yields the 
structure of the steady-state axisymmetric force-free pulsar magnetosphere 
(Contopoulos, Kazanas & Fendt 1999). 
 
Number of the Subclasses of the Gamma-ray Bursts: Two or Three? 
Attila Meszaros (Charles Univ., Prague, Czech Republic), 
Zsolt Bagoly^2, Lajos G. Balazs^3,  Peter Meszaros^4, Il H. Park^5, Jakub Ripa^5, Peter Veres^4 (2 Eotvos 
Univ., Budapest, Hungary 3 Konkoly Observ., Budapest, Hungary 4 Pennsylvania State University, USA 5 
Sungkyunkwan Univiversity, Suwon, South Korea) 
 

Practically with a certainty it can be said that there are two different types of the 
gamma-ray bursts: the short/hard and the long/soft ones. The authors in the last years 
did great efforts to clarify, if there exist either only these two types, or there exists also 
a third one. A brief survey of these efforts and the related publications are presented 
here. 
 
Unraveling the Secrets of GRSs with the Help of Collapsar Jets 
Omer Bromberg (Princeton University), 
J. Granot, U. Nakar, T. Piran, R. Sary, Y. Lyubarsky, A. Tchekhovskoy (Open University Israel, Tel Aviv 
University, Hebrew University, Hebrew University, Ben-gurion University, UC Berkeley) 
 

A necessary condition for the formation of a GRB in a Collapsar is the successful 
breakout of the jet from the star. This breakout leaves a distinctive imprint on the 
distribution of GRB durations: a plateau at durations mush shorter than the typical 
breakout time of the jet from the star. In this talk I will show that this plateau exists in 
the GRB duration distributions of all major GAB satellites. I will discuss the implications 
of this plateau on the nature of low luminosity GRBs and present a new classification 
method for separating Collapsar GRBs from non-Collapsar GRBs, based on this plateau. 
Last, I will address the question of the nature of the compact object at the heart of 
Collapsars (the so called Magnetar model vs. BH accretion model), and discuss our 
ability to identify it, based the jet breakout times that are obtained from Observations. 
 
Rayleigh-Taylor Instability in a Relativistic Fireball on a Moving Computational Grid 
Paul Duffell (New York University), 
Andrew MacFadyen (New York University) 
 

We have numerically calculated the growth and saturation of the Rayleigh-Taylor 
instability caused by the deceleration of relativistic outflows with Lorentz factor as large 
as 100. I will discuss qualitative dependence of turbulence on Lorentz factor, as well as 
the turbulent kinetic energy generated by the instability. Although our numerical 
calculation does not include magnetic fields, we argue that small-scale turbulent 
dynamo amplifies magnetic fields to equipartition with kinetic fluctuations, giving a ratio 
of magnetic to thermal energy around 1%, to within a factor of two. For the examples 
we considered, we find these turbulent fluctuations do not catch up to the forward 
shock. We have also calculated afterglow emission from the explosion and find the 
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reverse shock emission peaks at a later time due to its reduced Lorentz factor and 
modified density and pressure at the shock front. These calculations are performed 
using a novel numerical technique that includes a moving computational grid. The 
moving grid is essential as it maintains contact discontinuities to high precision and can 
easily evolve flows with extremely large Lorentz factors. The numerical scheme is 
generally useful for many other calculations involving relativistic outflows. 
 
The Extremely Bright, Nearby GRB 130427A Challenges the Internal Shock Model 
Rob Preece (University of Alabama in Huntsville) 
 

GRB 130427A was bright enough that it saturated the GBM detectors on board Fermi 
during the main outburst. Several pulses associated with the prompt emission are as 
bright as some of the brightest GRBs and so offer a detailed time-resolved look at the 
evolution of pulse parameters. The results challenge nearly every aspect of the internal 
shock model, favoring some amount of magnetically-driven acceleration in the jet. 

 
Parallel Session IV: Cosmology I 
4:00pm, Regency Ballroom 
Session Chair: L. Boyle 
 

The Measurement of the Expansion Rate of the Universe from Gamma-ray 
Attenuation 
Alberto Dominguez (University of California Riverside) 
 

We discuss the detection of the cosmic gamma-ray horizon (CGRH) that is independent 
of any extragalactic background light (EBL) model, which allows us to measure the 
Hubble constant by using gamma-rays. The CGRH is a fundamental quantity in 
cosmology. It gives an estimate of the opacity of the Universe to very-high energy (VHE) 
gamma-ray photons due to photon-photon pair production with the EBL. Our CGRH 
detection is possible thanks to a multiwavelength catalog of blazars that includes the 
latest data analysis from the Fermi satellite and Cherenkov telescopes. Interestingly, the 
observed CGRH is compatible with the current knowledge of the EBL. We show how the 
detection of the CGRH allows us to measure the expansion rate of the Universe from 
gamma-ray attenuation. The value of the Hubble constant that we derive is compatible 
with present-day measurements using well established methods such as local distance 
ladders and cosmological probes. We also discuss an observational strategy aimed to 
reduce the uncertainties in the Hubble constant estimate from our novel and 
independent technique. 
 

Cosmology in One-dimension:  Correlation, Power Spectra and Void Geometry 
Bruce N Miller (Texas Christian University), 
Jean-Louis Rouet (Universite d'Orleans) 
 

Concentrations of matter in the universe, such as galaxies and galactic clusters, 
originated as very small density fluctuations in the early universe. The existence of 
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galaxy clusters and super-clusters suggests that a natural scale for the matter 
distribution may not exist. A point of controversy is whether the distribution is fractal 
and, if so, over what range of scales. Even with recent astronomical surveys and 
simulations, it is difficult to extract information concerning fractal properties with 
confidence. With one-dimensional models we can overcome these limitations by 
carrying out simulations with on the order of a quarter of a million particles. They clearly 
demonstrate that the important dynamics for cluster formation occurs in the position-
velocity plane. Here we present the recent results of our on-going study of the fractal 
geometry of one dimensional models of the expanding universe. The evolution of the 
power spectra and correlation function will be followed and their relation to the 
correlation dimension will be explored. An improved approach for determining the 
fractal dimensions of low density regions (voids) will be presented. 
 
Exact Dragging of Inertial Axes by Cosmic Energy Currents on the Past Light-cone in 
Linear Perturbation Theory 
Christoph Schmid (ETH Zurich) 
 

We prove exact rotational dragging of spin axes of gyroscopes (= inertial axes) by cosmic 
energy currents on the past light-cone of any gyroscope for arbitray linear perturbations 
of Friedmann-Robertson-Walker cosmologies (arbitrary energy-flows, arbitrary matter). 
Hence, the principle postulated by Mach holds for arbitrary linear cosmological 
perturbations. The weight function for dragging by energy flows on the past light-cone is 
peaked near redshift z = 1 and drops off outwards on the past light-cone to the big bang. 
 
Conformal Stealth on Cosmology 
Pedro Isaac Ramirez-Baca (Departamento de Física CINVESTAV), 
Eloy Ayon-Beato, Alberto A. García, César A. Terrero-Escalante (Departamento de Física UAM-I, Facultad 
de Ciencias Universidad de Colima.) 
 

We will show that any homogeneous and isotropic universe, independently of its spatial 
topology and matter content, allows for the presence of a conformal stealth, i.e. a 
nontrivial conformally invariant scalar field with vanishing energy-momentum tensor, 
which evolves along with the universe without causing even the smallest backreaction. 
Surprisingly, this gravitationally invisible universal witness is inhomogeneous with zero 
consequences for the underlying cosmology. It is shown that these results are not 
exclusive of a four-dimensional universe by generalizing them to higher dimensions. 
 
How Much Cosmological Information Can Be Measured? 
Yin-Zhe Ma (University of British Columbia), 
Douglas Scott 
 

Cosmologists' work is to measure the modes of fluctuations in the Universe. The total 
number of modes one can measure depend on the maximum space that one can 
observe, and the highest value of perturbation modes one can measure. In this talk, I 
will give a physical picture of how this “total information” changes in the past and future 
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time, and discuss how many number of modes cosmologists can be measured now, and 
in the future. In addition, I will discuss how much more information can be measured 
with different types of on-going observations, such as cosmic microwave background, 
21cm observations and the galaxy surveys, and to what extent these surveys can 
improve our understanding of the Universe. 
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Wednesday Abstracts 

11 December 2013 

 
Plenary Presentation X 

9:00am, Regency Ballroom 

Session Chair: W. Freedman 

 

Supernovae, Neutron Stars and Black Holes in the GRBs Era 
Remo Ruffini (University of Rome "la Sapienza" and ICRANet) 

The comprehension of GRBs is currently evolving on a daily basis thanks to one of the 

largest collaborations of detectors and instruments from space and the earth in the 

human history and a deep theoretical understanding. From the earlier understanding of 

the vacuum polarization process creating electron-positron plasma in a Kerr Newman 

Black Hole  as the energy source, a model linking the observed structure of the GRB to 

the circumburst medium has been developed leading to a detailed understanding of 

short GRB's. The coincidence of long GRBs with supernovae offers the greatest 

opportunity to introduce a “Cosmic Matrix " scenario in which four different 

astrophysical systems participate in less the 200 seconds in the laboratory frame. The 

"in” state is a Supernova interacting with a companion neutron star: it gives origin to an 

"out" state formed by a Black Hole and a newly born neutron star. Prediction and 

observational evidence are presented and perspectives for a unified scenario are given.   

 

Plenary Presentation XI 

9:45am, Regency Ballroom 

Session Chair: W. Freedman 

 

Recent Results From Planck  

Krzysztof Gorski (JPL, California Institute of Technology) 

 

Parallel Session V: Cosmic Microwave Background 

11:00am, Gold Room 

Session Chair: D. Scott 

 
Exploring the microwave sky beyond CMB using cross correlations 
Amir Hajian (CITA) 
 

Past decade has been a golden era for precision cosmology. Cosmological surveys 
combined with Cosmic Microwave Background (CMB) provided us with valuable tools 
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for studying the physics of the universe. Using a series of high-resolution and high-
sensitivity CMB experiments, we have learned a great deal about the material content, 
shape and structure of the universe. These achievements have come about with the 
help of precise characterization of the statistical properties of the CMB fluctuations. In 
this talk,  I will discuss the new astrophysical playground the current generation of the 
CMB experiments has opened up for us. I will describe how interesting information, 
beyond the traditional CMB power spectrum parameters, can be extracted from CMB 
data using cross correlations with the large scale structure surveys. I will present two 
recent results measuring thermal Sunya'ev Zeldovich effect and the Cosmic Infrared 
Background using cross correlations of CMB with X-ray and infrared data. 
 
CMB Anomalies 
Dragan Huterer (University of Michigan) 
 
While the inferred cosmological parameters are generally in good agreement with the 
currently favored cosmological model, the largest-scale CMB anisotropies exhibit 
unexpected, statistically significant alignments. Moreover, the angular two-point 
correlation function at large scales is approximately zero in all wavebands and is 
discrepant with the best fit LambdaCDM inflationary model at 99.97% confidence. These 
findings are in conflict with the assumption of statistical isotropy. I discuss the latest 
measurements based on the final-year WMAP and first-year Planck maps, and the 
relation of these anomalies to other widely discussed results inferred from the CMB. 
 
Imprint of Scalar Dark Energy on Cosmic Microwave Background Polarization 
Kin-Wang Ng (Academia Sinica) 
 
We study the imprint of a coupling of scalar dark energy to photon on the cosmic 
microwave background (CMB) polarization. The time-evolving field value as well as the 
perturbation of the scalar generically induce B-mode polarization. Future CMB data will 
find either a cosmic parity violation in temperature-polarization correlation due to the 
field value, or perturbation-induced B-mode polarization that is almost indistinguishable 
from that generated by gravitational lensing or primordial gravitational waves. 
 
Linear and Circular polarization of CMB and Cosmic 21cm Radiation 
Soma De (Arizona State University), 
Tanmay Vachaspati, Levon Pogosian, Hiroyuki Tashiro (Simon Fraser University) 
 

I will discuss the effect of galactic and primordial magnetic field on the linear 
polarization of CMB. Faraday Rotation (FR) of CMB polarization, as measured through 
mode-coupling correlations of E and B modes, can be a promising probe of a stochastic 
primordial magnetic field (PMF). We use existing estimates of the Milky Way rotation 
measure (RM) to forecast its detectability with upcoming and future CMB experiments. 
We find that a realistic future sub-orbital experiment, covering a patch of the sky near 
the galactic poles, can detect a scale-invariant PMF of 0.1 nano-Gauss at better than 
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95% confidence level. Next I'll discuss how the galactic magnetic field affects 
polarization of 21 cm. Unpolarized 21 cm radiation acquires a certain level of linear 
polarization during the EoR due to Thompson scattering. This linear polarization, if 
measured, could probe important information about the EoR. We show that a 99 % 
accuracy on galactic rotation measure (RM) data is necessary to recover the initial E-
mode signal. I will conclude my talk by addressing the very interesting question of if 
CMB can be circularly polarized due to the secondary effects along the line of sight. As 
the CMB passes through galaxies and galaxy clusters, which could generate a circular 
polarization by the method of Faraday conversion (FC) (Pacholczyk, 1998, Cooray et al, 
2002). Particularly explosions of first stars can induce circular polarization (due to 
Faraday conversion) and it has no strong local foreground. The unique frequency 
dependence of FC signal will allow one to eliminate other possible sources of circular 
polarization enabling to probe the first star explosions. 

 
New Measurements of the Polarization of the Cosmic Microwave Background with the 
South Pole Telescope 
Abigail Tinney Crites (California Institute of Technology), 
The SPTpol Collaboration 
 

SPTpol is a polarization-sensitive camera designed to measure the polarization of the 
cosmic microwave background (CMB). It was deployed on the 10 meter South Pole 
Telescope (SPT) in January 2012. We have made a high signal-to-noise measurement of 
the E-mode CMB power spectrum and detected the lensing B-mode signal with the first 
year of data. With the full 4 years of survey data we will constrain models of inflation by 
detecting or setting an upper limit on the level of the B-mode polarization from 
inflationary gravitational waves. The lensing B-modes from the full survey will be used 
to constrain the sum of the neutrino masses. I will present preliminary TE and EE power 
spectra from the first year of observation, show the first detection of lensing B-mode 
polarization, and report on the status of further SPTpol polarized power spectrum 
measurements. 
 
Embedded Lensing Time Delays, the Fermat Potential, and CMB Temperature 
Fluctuations 
Bin Chen (The Univ. of Oklahoma), 
Ronald Kantowski, Xinyu Dai (Univ. of Oklahoma, Univ. of Oklahoma) 
 

We give the Fermat potential for a spherically symmetric lens embedded in an FLRW 
cosmology and use it to investigate the late-time integrated Sachs-Wolfe effect (ISW), 
i.e., secondary temperature fluctuations in the Cosmic Microwave Background (CMB) 
caused by individual large scale clusters and voids. We give a simple analytical 
expression for the temperature fluctuation in the CMB across such a lens as a derivative 
of the density perturbation's Fermat potential. Our formalism is applicable to both 
linear and nonlinear density evolution scenarios, to arbitrarily large density contrast, 
and to all open and closed background cosmologies. Our results are particularly useful 
for modeling ISW effects extracted through stacking large numbers of cosmic voids and 



27th Texas Symposium on Relativistic Astrophysics – Dallas, TX – Dec. 8-13, 2013 

70 | P a g e  
 

clusters. For structures co-expanding with the background cosmology, i.e., for time-
independent density contrasts, we find that the gravitational lensing time delay alone 
can produce fluctuations of the order of recent observations. 
 

Parallel Session V: Nuclear EOS for Compact Objects III 

11:00am, Parisian Room 

Session Chair: C. Horowitz 

 
Nuclear Matter Incompressibility and Giant Monopole Resonances 
Carlos Bertulani (Texas A&M University-Commerce) 
 
We compare the results obtained in density functional theory with the most recent 
experiments on giant monopole resonances. We find that no single parametrization of 
Skyrme functionals is able to reproduce with sufficient accuracy all the nuclei. Since 
about two-thirds of the nuclei under investigation are better explained with a soft 
parametrization, this tends to suggest that the currently accepted picture for the 
incompressibility of matter, relevant for neutron stars, might require modifications. 
 
Low Density Nuclear Matter in Supernova 
Gang Shen (TU Darmstadt) 
 
This talk focuses on low density nuclear matter in proto-neutron star. The nuclear 
equation of state and its dynamic response functions determine the neutrino 
interactions hence the neutrino spectra emitted from proto-neutron star. I will discuss 
the effect of proton-neutron asymmetry and cluster (light nuclei) formation on the 
neutrino spectra. 
 
Neutron Stars and Nuclear Symmetry Energy 
Hajime Sotani (YITP, Kyoto University) 
 
Neutron stars can be suitable laboratory to see the physics under the ultra-high density 
region. The direct observations of neutron stars help us to understand the nuclear 
matter properties and equation of state. On the other hand, the terrestrial nuclear 
experiments directly reveal such properties especially around the saturation density, 
which are strongly coupled with not only the crust region in the neutron stars but also 
the stellar structure of low-mass neutron stars. In this talk, we show the possibility to 
derive the nuclear properties from the astrophysical observational point of view. In 
particular, we focus on the nuclear symmetry energy, adopting the observation of quasi-
periodic oscillations of giant flares in soft-gamma repeaters. In addition to showing of 
our results, we will discuss the additional effect to take into account in future. 
 
QCD Phase Diagram at Finite Baryon and Isospin Chemical Potentials in the Polyakov 
Loop Extended Quark Meson Model with Vector Interaction 
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Hiroshi Ueda (Kyoto University), 
T. Z. Nakano, A. Ohnishi, M. Ruggieri, K. Sumiyoshi (YITP Kyoto University, University of Catania, Numazu 
College of Technology) 
 

We investigate the QCD phase diagram of isospin asymmetric matter using the Polyakov 
loop extended quark meson model with vector interaction. The critical point 
temperature is found to decrease in isospin asymmetric matter and disappear at large 
isospin chemical potential. We also discuss the QCD phase transition in the neutron star 
core. From comparison of the QCD phase diagram in Polyakov loop extended quark 
meson model and corresponding baryon and isospin chemical potentials of neutron star 
matter in relativistic mean-field models, we show that the order of the chiral phase 
transition in the neutron star core could be crossover because of large isospin chemical 
potential. 
 
Microscopic Calculations of Neutron Matter, Symmetry Energy and Neutron Star 
Structure 
Stefano Gandolfi (Los Alamos National Laboratory) 
 
Recent advances in experiments of the symmetry energy of nuclear matter and in 
neutron star observations, yield important new insights on the equation of state of 
neutron matter at nuclear densities. In this regime the EOS of neutron matter plays a 
critical role in determining the mass-radius relationship for neutron stars. We show how 
microscopic calculations of neutron matter based on Quantum Monte Carlo methods 
make clear predictions for the relation between the isospin-asymmetry energy of 
nuclear matter and its density dependence, and the maximum mass and radius for a 
neutron star. On the other side, we will show that the microscopic calculations 
combined with recent astrophysical observations provide important constraints to the 
value of the symmetry energy and its slope at saturation. 
 
Relativistic Radioactive Beams as a Tool for Nuclear Astrophysics 
Thomas Aumann (Technical University Darmstadt) 
 

The synthesis of heavy elements in explosive astrophysical processes involves very 
neutron-rich nuclei whose properties can presently only be predicted by theoretical 
models with large uncertainties. Besides the nuclear masses and lifetimes, the dipole 
strength function of very neutron-rich nuclei is an important nuclear property 
determining the r-process abundances. An understanding of the systematic change of 
the dipole response with neutron excess is thus of utmost importance to quantify the 
nuclear physics input to the network calculations, which is pre-requisite for drawing any 
conclusion on the astrophysical r-process conditions. The dipole response of nuclei is 
directly related to the equation of state for asymmetric nuclear matter, which is 
fundamental for understanding the properties of neutron stars, but which is still very 
uncertain. Experimental constraints can be obtained from reactions but also from 
nuclear properties like the neutron-skin thickness in nuclei. The latter quantity is 
sensitive to the density dependence of the symmetry energy close to saturation density, 
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and directly related to the dipole polarizability of nuclei, which can be extracted from a 
measurement of the dipole strength distribution. We will discuss experiments using 
high-energy radioactive beams at the R3B experiment at GSI/Darmstadt. 

 
Parallel Session V: Dark Matter II 

11:00am, Oak Room 

Session Chair: K. Freese 

 
Recent Results and Future Plans from SuperCDMS 
Bedile Karabuge (SMU) 
 
The Super Cryogenic Dark Matter Search (SuperCDMS) collaboration uses Ge crystals 
instrumented with a new interleaved ionization and athermal phonon sensor layout to 
perform direct dark matter searches. This new design significantly improves our surface-
event rejection and phonon channel information compared to the CDMS II experiment. 
The SuperCDMS experiment, consisting of 15 of these new detectors with a total mass 
of 9 kg, has been taking WIMP-search data in  the Soudan Underground Laboratory 
since March 2012. I will present the most recent results from the first data runs of 
theSuperCDMS experiment, and discuss the current status of the experiment and plans 
for future analyses, including the proposed 200-kg SuperCDMS SNOLAB experiment. 
 
Cosmological Constraints on Bose-Einstein-Condensed Scalar Field Dark Matter 
Bohua Li (The University of Texas at Austin), 
Tanja Rindler-Daller, Paul R. Shapiro (The University of Michigan, The University of Texas at Austin) 
 

Despite the great successes of the Cold Dark Matter (CDM) model in explaining a wide 
range of observations of the global evolution and the formation of galaxies and large-
scale structure in the Universe, the origin and microscopic nature of dark matter is still 
unknown. The most common form of CDM considered to-date is that of Weakly 
Interacting Massive Particles (WIMPs), but, so far, attempts to detect WIMPs directly or 
indirectly have not yet succeeded, and the allowed range of particle parameters has 
been significantly restricted. Some of the cosmological predictions for this kind of CDM 
are even in apparent conflict with observations (e.g. cuspy/cored halos and an 
overabundance of satellite dwarf galaxies). For these reasons, it is important to consider 
the consequences of different forms of CDM. We focus here on the hypothesis that the 
dark matter is comprised, instead, of ultralight bosons that form a Bose-Einstein 
Condensate (BEC), described by a complex scalar field. We start from the Klein-Gordon 
and Einstein field equations to describe the evolution of the Friedmann-Robertson-
Walker (FRW) universe in the presence of this kind of dark matter. We find that, in 
addition to the phases of radiation-domination, matter-domination and Λ-domination 
familiar from the standard CDM model, there is an earlier phase of scalar-field-
domination, which is special to this model. In addition, while WIMP CDM is non-
relativistic at all times after it decouples, the equation of state of BEC scalar field dark 
matter (SFDM) is found to be relativistic at early times, evolving from stiff ( ̅ =  ̅ to 
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radiation-like ( ̅ =  ̅ /3), before it becomes non-relativistic and CDM-like at late times ( ̅ 
= 0). The timing of the transitions between these phases and regimes is shown to yield 
fundamental constraints on the SFDM model parameters, particle mass and self-
interaction coupling strength. We show that SFDM is compatible with observations of 
the evolving background universe, by deriving the range of particle parameters required 
to match observations of the cosmic microwave background (CMB) and the abundances 
of the light elements produced by Big Bang nucleosynthesis (BBN), including Neff, the 
effective number of neutrino species, and the epoch of matter-radiation equality zeq. 
Indeed, our model can accommodate current observations  in which Neff is higher at the 
BBN epoch than at zeq, probed by the CMB, which is otherwise unexplained by the 
standard CDM model involving WIMPs. We also show that SFDM without self-
interaction (also called `Fuzzy Dark Matter') is not able to comply with the current 
constraints from BBN within 68% confidence, and is therefore disfavored. 

 
Dynamics of Bose Einstein Condensate Dark Matter Halos 
Francisco Siddhartha Guzman (Department of Physics and Astronomy, University of 
British Columbia) 
 

Assuming the dark matter is a spinless ultralight boson, we present the solutions of the 
Gross-Pitaevskii-Poisson (GPP) system for a self-gravitating BEC as dark matter halos. 
We analyze the stability and attractor properties of these halos and their success at 
fitting rotation curves and galactic cores, their scaling properties and universality. The 
virialization time is also shown to allow the formation of early galaxies. It is also shown 
that the interaction between two structures can lead to the hierarchical structure 
formation and also to solitonic behavior in some collisions. Finally we present a new 
code that solves the GPP system in full three dimensions that will allow the study of 
structure formation for any Bose Condensate dark matter candidate. 
 
Non-linear Accretion of Collisional Dark Matter onto a Spherically Symmetric 
Supermassive Black Hole 
Miguel Gracia Linares (Universidad Michoacana de San Nicolás de Hidalgo–Instituto de 
Física y Matemáticas), 
Fabio D. Lora Clavijo, Francisco Siddhartha Guzman (Universidad Nacional Autónoma de México–Instituto 
de Astronomía, University of British Columbia–Physics and Astronomy Department) 
 

We model the interaction of dark matter with a SMBH. For that we solve numerically 
the full non-linear Einstein-Euler system of equations in spherical symmetry, and model 
the dark matter as a perfect fluid that obeys an ideal gas equation of state. We study 
the limiting case where the fluid in non-collisional in order to estimate the 
consequences for CDM. We find that there are late-time attractor solutions resulting 
from the evolution of rather arbitrary initial conditions, and find the rest mass density 
approaches a profile of the type 1/rk in time. The value of k depends on the adiabatic 
index of the gas and we explore two regions 1) near the black hole where the profile is 
cuspy and 2) a far region where the profile is consistent with cored halo profiles. 
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Interestingly, in all cases the black hole apparent horizon grows linearly. This behavior 
helps to predict the growth in time of SMBHs easily. 
 
Cosmology with Two-Component Flavor-Mixed CDM 
Mikhail V. Medvedev (University of Kansas) 
 
A number of dark matter candidates (such as neutralinos, axions, sterile neutrinos, etc.) 
are flavor-mixed particles. The dynamics of non-relativistic particles with quantum flavor 
mixing has been shown to be rather unusual. For example, conversions of the particle 
mass-eigenstates which are initially gravitationally trapped in a potential well, can cause 
their irreversible escape from it. This effect has been referred to as the `quantum 
evaporation'. So far, CDM cosmology has not accounted for the possible flavor-mixed 
nature of dark matter particles. In the present work we explored this possibility from 
the first principles via extensive LambdaCDM cosmological simulations with Gadget2, 
which was modified to incorporate the relevant physics. We obtained that the simplest 
model with two-component mixing and small mass-degeneracy provides a remarkably 
good fit to astronomical data at both large and small scales. The simulations show 
substantial reduction of substructure and softening of central cusps in dark halos 
whereas the large-scale structure remains intact. This simultaneously resolves two 
outstanding problems of CDM cosmology: the substructure and core/cusp (and the 
possibly related to-big-to-fail) problems, yet it does not contradict apparent counter-
examples and observational constraints. The model also makes predictions for direct 
and indirect detection dark matter experiments. 
 
Structure Formation with Scalar Field Dark Matter 
Tonatiuh Matos (Departamento de Fisica, Centro de Investigacion y de Estudios 
Avanzados del IPN) 
 
High-quality observations of low surface brightness galaxies have shown that their dark 
matter (DM) halos prefer flat central density profiles. However, simulations of the 
standard cold dark matter model predict a cusp density profile in the centre of galaxies. 
In this talk we present analytic and numerical simulations of structure formation using 
the Scalar Field Dark Matter (SFDM) model, (also called ultra-light axion DM, BEC DM, 
etc.) showing that this model predicts the same behaviour of the structure formation at 
large scales as LCDM but a flat central density DM profile for galaxies. We show some 
simulations of the formation of galaxies and of the dynamic of satellite galaxies in the 
Milky Way using SFDM. 
 

Parallel Session V: Binary Black Holes 

11:00am, Continental Room 

Session Chair: Z. Haiman 
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Self-consistent Analytic Model of Circumbinary Accretion Disks and Type-1.5 
Migration 
Bence Kocsis (Institute for Advanced Study) 
 

We study the interaction of a supermassive black hole (SMBH) binary and a standard 
radiatively efficient thin accretion disk. We examine steady-state configurations of the 
disk and migrating SMBH system, self-consistently accounting for tidal and viscous 
torques and heating, radiative diffusion limited cooling, gas and radiation pressure, and 
the decay of the binary's orbit. We obtain a “phase diagram” of the system as a function 
of binary parameters, showing regimes in which both the disk structure and migration 
have a different character. Although massive binaries can create a central gap in the disk 
at large radii, the tidal barrier of the secondary causes a significant pile-up of gas outside 
of its orbit, which can lead to the closing of the gap. We find that this spillover occurs at 
an orbital separation as large as ~200 M7

0.5 gravitational radii, where MSMBH = 107 M7 
Msun is the total binary mass. If the secondary is less massive than ~10^6 Msun, then 
the gap is closed before gravitational waves (GWs) start dominating the orbital decay.  
In this regime, the disk is still strongly perturbed, but the piled-up gas continuously 
overflows as in a porous dam, and crosses inside the secondary's orbit. The 
corresponding migration rate, which we label Type 1.5, is slower than the usual limiting 
cases known as Type I and II migration. Compared to an unperturbed disk, the steady-
state disk in the overflowing regime is up to several hundred times brighter in the 
optical bands. Surveys such as PanSTARRS or LSST may discover the periodic variability 
of this population of binaries. Our results imply that the circumbinary disks around 
SMBHs can extend to small radii during the last stages of their merger, when they are 
detectable by LISA, and may produce coincident electromagnetic (EM) emission similar 
to active galactic nuclei (AGN). 
 
Binary Black Hole Accretion From A Circumbinary Disk: Gas Dynamics Inside the 
Central Cavity 
Brian D Farris (NYU/Columbia), 
Paul Duffell, Andrew I. MacFadyen, Zoltan Haiman (NYU, NYU, Columbia) 
 

Binary black hole mergers in the presence of gaseous accretion flows are prime 
candidates for simultaneous observations of both gravitational waves and 
electromagnetic signals. We present the results of 2D hydrodynamical simulations of 
circumbinary disk accretion using the finite-volume code DISCO. This code solves the 2D 
viscous Navier-Stokes equations on a high-resolution moving mesh which shears with 
the fluid flow, greatly reducing advection errors in comparison with a fixed grid. We find 
that gas is efficiently stripped from the inner edge of the circumbinary disk and enters 
the cavity along accretion streams, which feed persistent “mini-disks” surrounding each 
black hole. We identify the mass-ratio dependence of the characteristic periodicity in 
the measured accretion rate onto each BH. We also find that the magnitude of the 
accretion onto the secondary is sufficient to drive the binary toward larger mass ratio. 
 
Binary Black Hole Accretion Disks in General Relativistic Viscous Hydrodynamics 



27th Texas Symposium on Relativistic Astrophysics – Dallas, TX – Dec. 8-13, 2013 

76 | P a g e  
 

Dennis Bowen (Rochester Institute of Technology) 
 

There is now strong evidence that galaxies harbor super massive black holes(SMBH) at 
their center. Additionally, galaxy formation theories predict that galaxies evolve through 
merger events. If these galaxies originally contained a SMBH, it is likely that the BHs will 
form a binary pair and eventually coalesce. These mergers are of interest due to their 
ability to serve as a strong- field test of general relativity as well as a source of 
gravitational radiation. Our group is interested in the behavior of matter during the 
process of BH mergers. In this talk I will discuss work towards modeling accretion disks 
in binary black hole(BBH) systems, focusing in 2D hydrodynamics. Operating in 2D 
without the evolution of magnetic fields can substantially decrease the computational 
cost and allow a more efficient preliminary exploration of the parameter space. Finally, 
without the presence of magnetic fields in the simulation a viscous source term is added 
to the equations of motion. I will discuss work to include a general relativistic 
prescription of viscosity into our simulations and how we can use this to explore the 
effects of mass ratio, spin, and disk configuration on both the circumbinary disk and 
minidisks around each individual BH. 
 
On the Likelihood and Prompt Electromagnetic Emission of Black Hole Binary Mergers 
Giuseppe Lodato (Universita' degli Studi di Milano) 
 
In this talk I discuss various aspects of the astrophysics of supermassive black hole 
binary mergers. First, I will consider the possible electromagnetic signal induced by the 
rapid accretion of circumprimary gas during the final, gravitational wave driven, 
coalescence. Early models predicted strong, super-Eddington flares due to this process, 
but more recently it has been argued that the actual fossil disc around the primary black 
hole might be extremely small. Here, thanks to a careful implementation of the tidal 
interaction between the binary and the disc, I demonstrate that such pessimistic 
estimates are actually incorrect by several orders of magnitude and a near or even 
super-Eddington flare might be expected under certain conditions. Second, I will discuss 
the role of accretion discs in the process of spin alignment of the two black holes. Early 
estimates of the process neglected the effects related to non-linear warp propagation in 
thin discs, that can slow down significantly the alignment process if the initial 
misalignment is large. If the spin parameter of the holes is large, the black hole-disc 
alignment timescale can become comparable with the inspiral timescale. I will thus 
show that in many cases, if the spin parameter of the holes is large, a potentially large 
residual misalignment can be expected at coalescence, implying that rapidly spinning 
black holes are more likely to experience strong recoils. Finally, I will briefly discuss the 
electromagnetic signal that can be expected to arise from the readjustment of gaseous 
orbit following recoil. 
 
Warped Dynamical Grids for Accreting Binary Black Holes 
Miguel Zilhao (Rochester Institute of Technology), 
Scott C. Noble (Rochester Institute of Technology) 
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We present a warped gridding scheme adapted to simulate gas dynamics in binary black 
hole spacetimes. The grid concentrates grid points in the vicinity of each black hole to 
resolve the smaller scale structures there, and rarefies grid points away from the binary 
to keep the overall problem size to a practical level. Though general, this construction is 
intended to be used in circumbinary accretion disk numerical evolutions. In this talk we 
will introduce the field of general relativistic magnetohydrodynamics (GRMHD), 
motivate and show the construction of our warped gridding scheme and show 
preliminary results of its usefulness in evolving a  circumbinary disk surrounding an 
equal-mass non-spinning black hole binary. 

 
Parallel Session V: X-Ray I 

11:00am, Far East Room 

Session Chair: H. Marshall 

 
XMM-Newton's Impact on Relativistic Astrophysics: Neutron Stars 
Norbert Schartel (ESA, XMM-Newton SOC) 
 

With about 300 refereed papers published each year, XMM-Newton is one of the most 
successful scientific missions of ESA ever. Observations of compact objects, where 
relativistic effects have to be accounted for, play a major role in XMM-Newton's 
observing program: Neutron stars and Galactic black holes as well as supermassive black 
holes in the centre of active and non-active galaxies. The main focus of the talk will be 
the discussion of scientific highlight results based on XMM-Newton observations of 
compact, relativistic objects during the last years. Special attention will be given to 
recent impressive progress in observation of the different magnetic field components of 
neutron stars. 
 
Hard X-ray Observations of Young Supernova Remnants by INTEGRAL 
Wei Wang (NAOC, CAS), 
Z. Li, S. Woosley (PKU, UCSC) 
 

We reported the hard X-ray detections of two young supernova remnants (SNRs) Cas A 
and Tycho with INTEGRAL observations. The non-thermal hard X-ray emissions with a 
photon index of 3.1 are detected in two SNRs up to 200 keV. This non-thermal emissions 
will challenge the simple model of particle acceleration in the shock shells which 
generally gives a synchrotron radiation cutoff energy around several keV. In addition, 
the hard X-ray lines at 67.9 and 78.4 keV coming from the decay of radioactive 44Ti are 
also searched for with INTEGRAL. In Cas A, the line fluxes of 67.9 and 78.4 keV is 
determined at 2.3x10-5 ph cm-2 s-1, corresponding to a 44Ti yield of 1.3x10-4 Mʘ which is 
still higher than the product of normal core-collapse supernovae. Cas A could be the 
produced by a brighter aspherical explosion. We also discovered the 44Ti lines from Type 
Ia SNR Tycho. Given a distance of 1.7 - 5 kpc, the estimated 44Ti mass produced by the 
explosion is (0.25 - 13)x10-4 Mʘ, higher than predicted by the standard theoretical model 
based upon the explosion of a Chandrasekhar mass white dwarf. Our discovery suggests 
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that the progenitor of the Tycho supernova was more likely a sub-Chandrasekhar mass 
white dwarf, or that the explosion resulted from a binary merger in which one of the 
white dwarfs was made of helium. 
 
Microlensing Constraints on Quasar X-ray Emission Regions 
Xinyu Dai (University of Oklahoma), 
B. Chen, C. S. Kochanek, G. Chartas, C. W. Morgan, A. M. Mosquera, J. A. Blackburne (Ohio State 
University, College of Charleston, US Navy Acedemy) 
 

Gravitational microlensing provides a unique probe of the innermost parts of quasar 
accretion disks, close to the event horizon of supermassive black holes. We report our 
long-term monitoring results, including our recent large Chandra program for seven 
gravitationally lensed quasars: Q2237+0305, RXJ1131-1231, QJ0158-4325, 
SDSS0924+0219, SDSS1004+4112, HE0435-1223, and HE1104-1805. We discover for the 
first time chromatic microlensing differences between the soft and hard X-ray bands in 
the X-ray continuum emission. Our results indicate that the coronae above the accretion 
disk thought to generate X-rays have a non-uniform electron distribution, and that the 
hard X-ray emission region is smaller than the soft region in two cases tracking the event 
horizon of black holes.  We detect metal emission lines for almost all X-ray images in all 
lenses. We measure larger equivalent line widths in lensed quasars compared to a large 
sample of normal non-lensed AGNs of similar luminosities.  We conclude that the iron 
line emission region is smaller than that of the X-ray continuum, possibly resulting from 
strong gravitational lensing near the black hole.  Our results also confirm earlier 
microlensing results that quasar X-ray emission regions are significantly smaller than the 
optical emission regions. 
 

Supernova Forensics  

Alicia Margarita Soderberg  (Harvard Astronomy Department) 

 

For decades, the study of stellar explosions -- supernovae -- have focused almost exclusively on 

the strong optical emission that dominates the bolometric luminosity in the days following the 

ultimate demise of the star. Yet many of the leading breakthroughs in our understanding of 

stellar death have been enabled by obtaining data at other wavelengths. For example, I have 

shown that 1% of all supernovae give rise to powerful relativistic jets, representing the biggest 

bangs in the Universe since the Big Bang. My recent serendipitous X-ray discovery of 

a supernova in the act of exploding (“in flagrante delicto”) revealed a novel technique to 

discover new events and provide clues on the shock physics at the heart of the explosion. 

With  the advent of sensitive new radio telescopes, my research group combines clues from 

across the electromagnetic spectrum (radio to gamma-ray), leading us to a holistic study of 

stellar death, the physics of  the explosions, and their role in fertilizing the Universe with new 

elements, by providing the community with cosmic autopsy reports. 
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Parallel Session V: Relativity II 
11:00am, Royal Room 
Session Chair: V. Trimble 

 
The Spacetime Geometry of a Null Electromagnetic Field 
Charles Torre (Utah State University) 
 

We give a set of  local geometric conditions on a spacetime metric which are necessary 
and sufficient for it to be a null electrovacuum, that is, the metric is part of a solution to 
the Einstein-Maxwell equations with a null electromagnetic field.  These conditions are 
restrictions on a null congruence canonically constructed from the spacetime metric, 
and can involve up to five derivatives of the metric.  The null electrovacuum conditions 
are counterparts of the Rainich conditions, which geometrically characterize non-null 
electrovacua.  Given a spacetime satisfying the conditions for a null electrovacuum, a 
straightforward procedure builds the null electromagnetic field from the metric.  Null 
electrovacuum geometry is illustrated using some pure radiation spacetimes taken from 
the literature. 
 
Geometry as a Semiclassical Effect in a Quantum World–Emergent Gravity from Matrix 
Models 
Daniel N Blaschke (Los Alamos National Laboratory) 
 
In order to explore the foundations of physics at very short distances, a mathematical 
framework describing a quantized version of space-time geometry and quantum fields 
thereon is desired. One possible road to take are the so-called non-commutative 
quantum field theories. Formulated in terms of matrix models, one can show that 
(quantum) gravity "emerges" naturally, and in the semi-classical limit classical General 
Relativity terms (such as Einstein-Hilbert) are recovered. 
 
Avoiding singularities in Gravitational Collapse 
Daniele Malafarina (Fudan University), 
Cosimo Bambi, Leonardo Modesto, Pankaj S. Joshi (Fudan University, Fudan University, Tata Institute of 
Fundamental Research) 
 

Singularities are the necessary outcome of general relativistic complete gravitational 
collapse for normal matter. What can we say on how to avoid them using general 
relativity alone? What happens when microphysics and quantum effects are 
considered? How is the black hole formation process affected? Could in principle the 
existence of exotic compact objects be tested with observations? 

 
A Tangent Bundle Formulation of Relativistic Kinetic Theory: A Few Applications 
Thomas Zannias (Inst.Fis. y Matem. Universidad de Michoacan, Mexico), 
Olivier Sarbach (Inst. Fis.y Matem. Univ. Michoacan, Mexico) 
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We discuss a few applications of the recently geometrically formulated  relativistic 
kinetic theory of gases. We derive the most general spherically symmetric distribution 
function on any spherically symmetric space time and write the Einstein-Liouville 
equations as effective field equations on a two dimensional manifold. As a second 
application we derive the most general collisionless distribution on a Kerr black hole 
background. 

 
Parallel Session V: History of Relativistic Astrophysics II 
11:00am, Regency Ballroom 
Session Chair: C. Misner 
 

The Kerr Solution at the First Texas Symposium 1963  
Roy Kerr (University of Canterbury) 
 

Petrov's classification comes to the West (Pirani) Various groups around the world (US, 
UK, Belgium France etc.) use variations of the Cauchy-Riemann equations to study the 
known solutions of Relativity, and even to construct new solutions. Robinson and 
Trautman construct their elegant solution for Hypersurface orthogonal Alg Special 
metrics. They start calculating the equations for the more general case, Newman, Unti 
and Tamborino use the Newman-Penrose equations on the same problem but confuse 
identities with field equations. I then construct the same form for the metric that Ivor 
and Andre had already found, but using a different approach. I then calculated the field 
equations. These were presented at a Hoboken meeting so at that point anyone could 
have pushed ahead and constructed rotating Schwarzschild. I went back to Texas and 
used the relationship between the remaining coordinate freedom and possible 
symmetries to finally end with the well-known 2-parameter solution.   

 
Bermuda Triangles of Space: How the Public First Met Black Holes 
Marcia Bartusiak (Massachusetts Institute of Technology) 
 
By the late 1960s astrophysicists were catching “black-hole fever,” and the infection 
spread rapidly.  It was at this moment that magazines and newspapers began regularly 
publishing science stories filled with the frightening (yet strangely entertaining) 
consequences of being near a stellar-sized black hole.  Black holes were proclaimed as 
“The Darkest Riddle of the Universe,” “The Dazzling Death Spasm of a Star,” “The Blob 
That Ate Physics,” and even the “Bermuda Triangles of Space.”  They became a 
cultural phenomenon as soon as they arrived on the public’s radar, joked about on late-
night television and in the press. This talk will review that press coverage, as well as 
the history behind the term “black hole.” 
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Thursday Abstracts 

12 December 2013 

 
Plenary Presentation XIII 

9:00am, Regency Ballroom 

Session Chair: K. Lake 

 

Inhomogeneous Cosmologies 

George Ellis (University of Cape Town) 

 

Inhomogeneity studies in cosmology focus on two separate issues. First, does the 
Universe averaged on a large scale obey the Copernican principle? Recent studies have 
changed this question from an a priori philosophical assumption, taken for granted as 
the foundation of our cosmological models, to a scientifically testable hypothesis about 
the geometry of the universe. This is a major step forward in cosmological theory, and 
has led to proposals for various ways of testing the Copernican hypothesis. This provides 
a scientific justification for use of Robertson-Walker geometries as the background 
models of cosmology. Secondly, assuming the Copernican principle holds on large 
scales, there exist fluctuations on all smaller scales; the growth of inhomogeneity may 
be modelled by exact and approximate solutions of the field equations. There may then 
be dynamical interactions between structures at different scales, and additionally 
observational relations on various angular scales are affected differently by structures 
on different scales. It is important to take the latter effects into account in an era of 
precision cosmology; they depend crucially on the details of matter clustering. 

 

Plenary Presentation XIV 

9:45am, Regency Ballroom 

Session Chair: K. Lake 

 

The Accelerating Universe: A Nobel Surprise 

Robert Kirshner (Harvard/Smithsonian Center for Astrophysics) 

 

Evidence from exploding stars halfway across the universe shows that the expansion of 

the universe is speeding up.  This could be due to a modern form of Einstein's 

Cosmological Constant, some other form of Dark Energy, or perhaps to modifications to 

General Relativity.  I will describe ongoing observations that can distinguish among 

these possibilities, especially the RAISIN program being carried out with the PanSTARRS 

supernova survey with follow-up using the infrared camera on the Hubble Space 

Telescope.  These new measurements avoid some of the systematic errors that come 
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from variations in the luminosities of supernovae and the pernicious effects of 

interstellar dust.  I will also describe plans for future work, including a more extensive 

program with HST and the development of extremely large ground-based telescopes, 

like the Giant Magellan Telescope. 

 

Parallel Session VI: Dark Matter III 

11:00am, Gold Room 

Session Chair: J. Cooley 

 
Lyman-alpha Forest constraints on Decaying Dark Matter and Implications for Galactic 
Substructure Properties 
Mei-Yu Wang (Indiana University at Bloomington), 
Rupert Croft, Annika Peter, Andrew Zentner, Chris Purcell (Carnegie Mellon University, The Ohio State 
University, University of Pittsburgh, West Virginia University) 
 

I present an analysis of high-resolution N-body simulations of decaying dark matter 
(DDM) cosmologies which focuses on the statistical properties of the transmitted 
Lyman-alpha flux in the high-redshift intergalactic medium (IGM). In this type of model, 
a dark matter particle decays into a slightly less massive stable dark matter particle and 
a massless particle. The small mass splitting will provide a non-relativistic recoil kick 
velocity to the daughter particle and result in free-streaming effect. I especially focus on 
late decay scenario with decay lifetime around the order of the age of the Universe. I 
present new limits on unstable dark matter models using current Lyman-alpha forest 
data sets combined with the WMAP7 data. I also use zoom-in numerical simulations to 
explore the ability of DDM models to solve the small scale problem in galactic halos. I 
have found that these particular DDM models may provide a solution to both the 
Galactic subhalo abundance and core/cusp problems, and also that they are consistent 
with current Lyman-alpha limits. 
 
Direct Dark Matter Searches and Supersymmetric Resonance Regions 
Pearl Sandick (University of Utah) 
 
In order for neutralino dark matter to avoid overproduction in the early universe, these 
particles must annihilate (or coannihilate) rather efficiently. Neutralinos with sufficiently 
large couplings to annihilate at such high rates (such as those resulting from gaugino-
higgsino mixing, as in "well-tempered" or "focus point" scenarios), however, have 
become increasingly disfavored by the null results of XENON100 and other direct 
detection experiments. One of the few remaining ways that neutralinos could 
potentially evade such constraints is if they annihilate through a resonance, as can occur 
if twice the mass of the neutralino dark matter candidate is within approximately 10% of 
the mass of one of the Higgs bosons or the Z boson.  If no signal is observed from 
upcoming direct detection experiments, the degree to which such a resonance must be 
tuned will increase significantly.  Here I will discuss the degree of tuning necessary for 
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these models to evade current and projected constraints from direct detection 
experiments. 
 
The Velocity Distribution of Galactic Dark Matter Particles and Implications for Dark 

m=Matter Detection Experiments 

Subha Majumdar (Tata Institute of Fundamental Research), 
Pijushpani Bhattacharjee, Soumini Chaudhury, Susmita Kundu (Saha Institute of Nuclear Physics) 
 

The velocity distribution function (VDF) of the hypothetical weakly interacting massive 
particles (WIMPs), currently the most favored candidate for the dark matter in the 
Galaxy, is determined directly from the circular speed (“rotation”) curve data of the 
Galaxy. This is done by “inverting”—using Eddington’s method—the Navarro-Frenk-
White universal density profile of the dark matter halo of the Galaxy, the parameters of 
which are determined by using the Markov chain Monte Carlo technique from a recently 
compiled set of observational data on the Galaxy’s rotation curve extended to distances 
well beyond the visible edge of the disk of the Galaxy. The derived most-likely local 
isotropic VDF strongly differs from the Maxwellian form assumed in the “standard halo 
model” customarily used in the analysis of the results of WIMP direct-detection 
experiments.  A parametrized (non-Maxwellian) form of the derived most-likely local 
VDF is given. The astrophysical “g factor” that determines the effect of the WIMP VDF 
on the expected event rate in a direct-detection experiment can be lower for the 
derived most-likely VDF than that for the best Maxwellian fit to it by as much as 2 orders 
of magnitude at the lowest WIMP mass threshold of a typical experiment. As a by-
product of the exercise, we obtain an robust mass model of our Galaxy, including full 
covariance between all (visible plus DM) parameters. We also briefly mention 
improvement possible by the GAIA mission. 
 
Finite Temperature Scalar Field DM Halos 
Victor Hugo Robles (CINVESTAV IPN), 
Tonatiuh Matos (CINVESTAV IPN) 
 

The current difficulties encountered fitting the inner regions of LSB galaxies with the 
standard dark matter model leads to new proposals for the dark component, one of 
them being the Scalar Field Dark Matter (SFDM) model. This model assumes that the 
dark matter is an scalar field (SF) that condenses in the early universe due to a small 
mass and can naturally prevent the cusps in the inner galactic regions of LSB galaxies. 
Additionally, it preserves the large scale structure predicted by LCDM. I will present the 
density profiles of the SFDM halos after the phase transition and show that when taking 
temperature corrections into account the model can fit galaxies from the inner to the 
outermost radii, in accord with observations. 
 
New Dark Matter Detector using DNA for Nanometer Tracking 
Alejandro Lopez-Suarez (University of Michigan), 
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Katherine Freese, Andrzej Drukier, David Spergel, Charles Cantor, George Church, Takeshi Sano, David 
Gerdes, Rachel Goldman, Cagliyan Kurdak, Gregory Tarle , Mykola Murskyj, Jordan Rowley, Myungkoo 
Kang (University of Michigan, Biotraces Inc., Princeton University, SEQUENOM Inc., Harvard University, 
DiThera Inc., University of Michigan, University of Michigan, University of Michigan, University of 
Michigan, University of Michigan, University of Michigan, Unive) 
 

Weakly Interacting Massive Particles (WIMPs) may constitute a large fraction of the 
matter in the Universe. Even though intriguing signals have been found by several 
experiments: DAMA/LIBRA, CoGeNT, CRESST-II and more recently CDMS-Si, there is still 
a lack of compelling evidence in favor of a positive detection of WIMPs. The ability to 
detect the directionality of recoil nuclei will considerably facilitate detection of WIMPs 
by means of "annual modulation effect" and "diurnal modulation effect". Detection of 
the modulation effects lowers the amount of signals/events needed. Directional 
sensitivity can be achieved with a detector of nanometer resolution. We propose a 
novel dark matter direct-detection experiment, which achieves nanometer resolution by 
implementing DNA sequencing. This novel detector would have an energy threshold of 
0.5 keV, operate at room temperature and provide nanometer resolution for tracking. 
Direct detection is achieved by measuring a recoiling nuclei after colliding with a WIMP 
originating from our galaxy's dark matter halo. Once the WIMP collides with a thin layer 
of gold, a recoiling Au nuclei moves in the general direction of the dark matter wind. 
Then, the recoiling nuclei collides and cuts multiple single-stranded DNA (ss-DNA) 
filaments that are hanging perpendicular to the gold layer. Each ss-DNA has a known 
unique base sequence. The location of the break can be identified by amplifying and  
identifying the segments of cut ss-DNA through methods well known to biologists. Thus, 
the track of the recoiling nuclei can be measured up to the resolution given by the size 
of a DNA base (~ 1 nm). Besides presenting the theoretical design details of the DNA 
dark matter detector, we will also show initial experimental results aimed at testing the 
viability of this detector. By leveraging advances in molecular biology, we aim to 
increase ~1000-fold the current spatial resolution of dark matter detectors. 

 
Parallel Session VI: Nuclear EOS for Compact Objects IV 

11:00am, Parisian Room 

Session Chair: S. Reddy 

 
High-Density Symmetry Energy, Non-Newtonian Gravity and the Structure of Neutron 
Stars 
Bao-An Li (Texas A&M University-Commerce), 
Lie-Wen Chen,  Weikang Lin, De-Hua Wen and Jun Xu (Shanghai JiaoTong U., Shanghai Institute of Applied 
Physics, South China U. of Technology) 

 
Nuclear symmetry energy Esym(ρ) is the most uncertain part of the Equation of State 
(EOS)  of dense neutron-rich nucleonic matter. It is an important ingredient for 
understanding many interesting phenomena in astrophysics, cosmology and nuclear 
physics. However, theoretical predictions on the Esym(ρ) especially at supra-saturation 
densities are currently rather diverse. Unfortunately, there is no known first-principle 
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guiding the high-density behavior of the Esym(ρ).  In stable neutron stars at β 
equilibrium which is determined by the weak and electromagnetic interactions, the 
gravity has to be balanced by the strong interaction. Neutron stars are thus a natural 
testing ground of grand unification theories of fundamental forces. There are some 
experimental indication, although the interpretation is still controversial and model 
dependent, that the high density symmetry energy is super-soft that can not normally 
support canonical neutron stars.  Considering the non-Newtonian gravity proposed in 
the grand unification theories, we show that the stability and observed global properties 
of neutron stars can not rule out the super-soft nuclear symmetry energies at supra-
saturation densities. The degree of possible violation of the Inverse-Square-Law of 
gravity in neutron stars is estimated using an EOS of neutron-rich nuclear matter 
consistent with the available terrestrial laboratory data. Moreover, using soft EOSs 
consistent with existing terrestrial nuclear laboratory experiments for hybrid neutron 
stars containing a quark core described with MIT bag model using reasonable 
parameters, we show that the recently discovered new holder of neutron star maximum 
mass PSR J1614-2230 of 1.97±0.04M can be well described by incorporating a Yukawa 
gravitational correction that is consistent with existing constraints from neutron-proton 
and neutron-lead scatterings as well as the spectroscopy of antiproton atoms. 
 
Nucleosynthesis in the accretion disks and outflows associated with Type II Collapsars 
Indrani Banerjee (Indian Institute of Science), 
Banibrata Mukhopadhyay (Indian Institute of Science) 

 
We investigate nucleosynthesis inside the gamma-ray burst (GRB) accretion disks (ADs) 
formed by the Type II collapsars and the outflows associated with these ADs. The 
hydrodynamics of such an AD has been studied extensively in the past. We use these 
well established hydrodynamic models for our AD in order to understand 
nucleosynthesis. In this work we deal with ADs with relatively low accretion rates: 0.001 
Mʘ/sec to 0.01 Mʘ/sec. We use He-rich and Si-rich abundances as the initial condition of 
nucleosynthesis at the outer disk and study the abundance evolution as matter inflows 
and falls into the central object. We investigate the variation in the nucleosynthesis 
products in the disk with the change in the initial abundance and also with the change in 
the mass accretion rate. We report synthesis of several unusual nuclei like P31, K39, 
Sc43, Cl35, and various isotopes of titanium, vanadium, chromium, manganese and 
copper in the disk apart from synthesis of iron-group and alpha elements. Much of these 
heavy elements thus synthesized in the disk are ejected from the disk via outflows. We 
next study nucleosynthesis in the outflows launched from these disks to understand 
which of these elements thus synthesized in the disk survive in the outflows. We find 
that many new elements like isotopes of titanium, copper, zinc etc. are present in the 
outflows. Ni56 is abundantly synthesized in most of the cases implying that the outflows 
from these disks in a majority of cases will lead to an observable supernova explosion. 
Although, emission lines of many of these elements have been observed in the X-ray 
afterglows of several GRBs by Chandra, BeppoSAX, XMM-Newton etc., Swift seems to 
have not detected these lines yet. 
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Nucleosynthesis in Compact Stars 
Samina S Masood (Univ. of Houston Clear Lake) 
 
We study the effect of higher density and lower temperature on beta decay processes. 
Beta decay affects nucleosynthesis inside a supermassive star. We explicitly show that 
the lower temperature and higher density can create a tremendous amount of helium 
and suitable conditions for high density plasmas. 
 
Magnetized Neutron Stars With Realistic Equations of State and Neutrino Cooling 
Steven L Liebling (Long Island University), 
David Neilsen, Matthew Anderson, Luis Lehner, Carlos Palenzuela (BYU, IU, Perimeter, CITA) 
 

We incorporate realistic, tabulated  equations of state into fully relativistic simulations 
of magnetized neutron stars along with a neutrino leakage scheme which accounts for 
cooling via neutrino emission. Both these improvements utilize open-source code 
(GR1D) and tables from http://stellarcollapse.org. Our implementation makes use of a 
novel method for the calculation of the optical depth which simplifies its use with 
distributed adaptive mesh refinement, such as we have. We present various tests and 
preliminary results both from single stars and from binary mergers with and without 
initial magnetization. 
 
Equation of State for Hybrid Compact Stars 
Veronica Dexheimer (Kent State University) 
 
I model hybrid compact stars making use of a self-consistent equations of state. In this 
approach, the degrees of freedom change from hadrons to quarks in a self-consistent 
way. This means that the particles appear, in principle, in arbitrary proportions with the 
interactions leading to the correct behavior for low, respectively high, densities and 
temperatures. Chiral symmetry restoration and deconfinement phase transitions range 
from smooth crossovers to sharp first order phase transitions. Effects of strong 
magnetic fields are analyzed and the achievement of two solar masses stars is discussed. 

 
Parallel Session VI: Testing Gravity II 

11:00am, Oak Room 

Session Chair: P. Zhang 

 
Gravity-induced Phase Shift and its Implications 
Jian-E HE (Physics Department, Wuhan University), 
Wanqiu HE (Physics Department, Wuhan University) 
 

Gravity plays an important role in astronomy and cosmology. The measurements of time 
and frequency are very accurate with modern technology. By use of them we can 
measure the gravity-induced phase shift very accurately. First from the five-dimensional 
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Kaluza-Klein theory we derive a formula for the gravity-induced phase shift around a 
circuit loop, which amounts to an order of 10 ^−6rad. Then we propose experiments in 
labs using the inverse Josephson effect to detect this phase shift by using the high-Tc d-
wave Josephson junction which is included in a cuprate superconductor circuit loop. By 
rotating the loop round the horizontal axis, the gravity-induced phase shift can be 
detected as a frequency shift which can be measured very accurately. This experiment 
shows that the extra dimension plays an important role as holographic screen to give 
the Aharonov-Bohm effect and gravity-induced phase shift at the same time. The extra 
dimension can explain the mystery of the entanglement of the inflation of the Universe 
and may give hints to solve the dark energy problem where the acceleration of the 
Universe expansion is very small (only 10-7m/sec2 ) in connection with the entropic force 
theory.  
 
Parametrizing Scalar Corrections to General Relativity 
Leo C Stein (Cornell University), 
Kent Yagi (Montana State University) 
 

General relativity passes all tests of gravity so far, but none of these are in the truly 
strong-field, dynamical regime of the theory. On general grounds we expect the theory 
to be incomplete and require corrections. I will discuss some forms that corrections may 
take and where to look for them. The workhorse will be the phenomenology of the 
compact binary system's inspiral, with dynamical Chern-Simons theory as a prototypical 
example of a correction. If nature is kind, we can constrain or measure these corrections 
with future pulsar timing or gravitational wave detections. 
 
Non-linear Structure Formation Beyond the Newtonian Approximation 
Marco Bruni (Institute of Cosmology and Gravitation, University of Portsmouth) 
 

While early Universe and horizon scales perturbations are investigated with relativistic 
perturbation theory, non-linear structure formation in cosmology is traditionally studied 
with Newtonian N-body simulations. In view of new large scale galaxy surveys that will 
provide data with an unprecedented accuracy, it seems timely to go beyond the 
Newtonian approximation, unifying the study of the very large scales and the non-linear 
scales in a single theoretical framework. To this end I will describe a sort of post-
Newtonian formalism adapted to cosmology, dubbed post-Friedmann approach, 
illustrating the first practical applications. It turns out that - at leading order - the power 
spectrum of the frame dragging vector potential can be extracted from purely 
Newtonian simulations. Similarly, the difference between the two scalar potential, 
known as "slip" in cosmology, can also be computed, sourced at leading order by purely 
Newtonian non-linear terms. I will also discuss the relevance of relativistic corrections to 
the initial conditions in Newtonian simulations that arise at second order in perturbation 
theory. 
 
Cosmological Parameters of Modified Gravity 
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Pogosian Levon (Simon Fraser University) 
 
I will look at cosmological gravity tests from a practical view - namely, what are the 
parameters that we can fit to data? If a parametrization includes unknown functions, 
how can we exclude their unphysical behavior, while still keeping the fit general? I'll 
review some of the progress made recently in answering these questions. 
 
A Coherent Geometric Model of Inflation, Acceleration, Dark Matter, and Dark 
'Energy' 
Homer G. Ellis (University of Colorado Boulder) 
 

Drainholes, sometimes referred to as 'Ellis wormholes', attract all matter at their 
entrances and more strongly repel all matter at their exits.  This excess of repulsion over 
attraction provides a mechanism to generate cosmic acceleration without invoking 'dark 
energy'.  Field equations obtained from a modified Hilbert action principle that causes 
Einstein's manufactured stress-energy tensor to be replaced by a geometric tensor 
obtained from varying the metric in the action yield a solution without singularities that, 
when fitted to SNe Ia data, exhibits a rapidly inflating bounce from a tiny dense ball, 
followed by deceleration, coasting, and ultimate de Sitter-like accelerating expansion.  
Drainholes, some primordial, others continuously created by and creating the stretching 
of space, gather their mutually attractive entrances as dark matter in walls, filaments, 
and nodes, and spread their universally repelling exits out into voids from which the 
dark matter has been expelled.  The action principle, which straightforwardly elevates to 
space-time the 3D principle that generates the Poisson equation of newtonian gravity, 
relies on a careful distinction between active gravitational mass and inertial-passive 
mass, a distinction overlooked by Einstein in 1916.  It incorporates a pair of minimally 
coupled scalar fields, not treated as matter fields, treated rather as 'relaxants' to allow a 
broader class of solutions than would be available without them. 
(Refs: H. G. Ellis, Ether flow through a drainhole: A particle model in general relativity, J. 
Math. Phys. 14 (1973), 104-118; Cosmic inflation, deceleration, acceleration, dark 
matter, and dark 'energy' in one coherent package, arXiv:gr-qc 0701012v6.) 
 
Testing of Dark Energy 
Vladimir Burdyuzha (Lebedev Physical Institute, Russian Academy of Sciences) 
 
If dark energy is vacuum energy of the Universe then this form energy must evolve. At 
small redshifts (z<1) a smooth increase in the vacuum energy density must take place 
with increasing z. This value is greater at high red shifts (z>1). These trends may be 
detected in the nearest DE experiments. Besides, we shall shortly discuss a solution of 
the cosmological constant problem which created a crisis of physics. The vacuum energy 
was spent for the organization of new quantum states during  the expansion of the 
Universe but in the quantum regime phase transitions were more effective in reducing 
the vacuum energy. 123 crisis orders of dark energy were reduced by conventional 
physical processes. 
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Gravitational Anomalies Signaling the Breakdown of Classical Gravity 
Xavier Hernandez (Instituto de Astronomia, UNAM, Mexico), 
Chris Allen, Alejandra Jimenez 
 

Over the past year a number of results regarding the structural and dynamical 
configurations of a variety of astrophysical systems have appeared, severely challenging 
the standard scale invariant plus dark matter gravitational paradigm. Galactic globular 
clusters at large radii exhibit flat (dispersion) velocity curves, which intriguingly, comply 
with the Tully-Fisher scaling between mass and velocity seen in large galaxies, and which 
has been used to calibrate modified theories of gravity. Wide binary stars in the Solar 
Neighbourhood show relative velocities which depart from Keplerian expectations to 
settle at a constant distance-independent value. The tenuous stellar halos surrounding 
galaxies show density profiles in accordance with equilibrium solutions under modified 
gravity. I will review a number of the above cases, and show that while explanations 
under standard gravity are contrived or unplausible, under modified schemes, the most 
straight forward first order solutions quite naturally account for the observational 
situation. 

 
Parallel Session VI: Compact Objects 

11:00am, Continental Room 

Session Chair: A. Upadhye 

 
New Mass Limit of Magnetized White Dwarfs and Its Observational Implications 

Banibrata Mukhopadhyay (Indian Institute of Science), 
U. Das, A. R. Rao (IISc, TIFR) 
 

Recent observations of over-luminous, peculiar type Ia supernovae can be explained if 
significantly super-Chandrasekhar white dwarfs (WDs) exist as their progenitors, thus 
barring them to be used as cosmic distance indicators. However, there is no estimate of 
a mass limit for these super-Chandrasekhar WD candidates yet. Can they be arbitrarily 
large? In fact, the answer is no! We arrive at this revelation by exploiting the flux 
freezing theorem in observed, accreting, magnetized WDs, which brings in Landau 
quantization of the underlying electron degenerate gas. Our calculations pave the way 
for the ultimate (significantly super-Chandrasekhar) mass limit of WDs, heralding a 
paradigm shift 80 years after Chandrasekhar's discovery. We further sketch a possible 
evolutionary scenario by which super-Chandrasekhar WDs could be formed by accretion 
on to a commonly observed magnetized WD. This opens the multiple possible 
evolutions ending in supernova explosions of super-Chandrasekhar WDs having masses 
within the range 2.1-2.8 solar mass. We point out that our proposal has observational 
support, like, the recent discovery of a large number of magnetized WDs by SDSS. 

 
Magnetospheric Emission of Soft Gamma-ray Repeaters (SGRs) and Anomalous X-ray 

Pulsars (AXPs) Within the White Dwarf Model 
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Diego Leonardo Caceres Uribe (Dipartimento di Fisica and ICRA–Sapienza Universita di 

Roma–Rome (Italy)), 
Jorge A. Rueda, Remo Ruffini (Dipartimento di Fisica and ICRA - Sapienza Universita di Roma - Rome 
(Italy), Dipartimento di Fisica and ICRA - Sapienza Universita di Roma - Rome (Italy)) 
 

According to the pioneering work of Paczynski ( 1990) and its extension by Malheiro, 
Rueda, and Ruffini (2012), soft gamma-ray repeaters (SGRs) and anomalous X-ray 
pulsars(AXPs) can be explained as fast rotating, highly magnetized, massive white 
dwarfs. These white dwarfs that behave as typical pulsars, i.e. as rotating magnetic 
dipoles, will generate strong electric fields in the magnetosphere, which will accelerate 

electrons through magnetic field lines, generating curvature  radiation. The curvature  
photons in presence of these strong magnetic fields will create electron-positron pairs. 
The positrons will move to the white dwarf surface and will heat the gas near the polar 
caps, generating X-ray emission. As shown by Usov in 1993, this heating mechanism can 
explain the luminosities observed in 1E 2259+586. In this work, following closely Usov, 
we calculate the luminosities for all AXPs and SGRs within the white dwarf model. 
 
Jets and Pulsar Wind Expelled by the Supersonic IGR J11014-6103 

Roland Walter (University of Geneva), 
L. Pavan, P. Bordas, G. Pühlhofer, M. D. Filipovic, A. De Horta, A. O’ Brien, M. Balbo, R. Walter, E. Bozzo, C. 
Ferrigno, E. Crawford, L. Stella (U. of Geneva, U. of Geneva & U. of Tuebingen, U. of Tuebingen, U. of 
Western Sydney, U. of Western Sydney, U. of Western Sydney, U. of Geneva, U. of Geneva, U. of Geneva, 
U. of Geneva, U. of Western Sydney, INAF - Rome) 

 
IGR J11014-6103 is a hard X-ray source discovered by INTEGRAL. Follow-up X-ray and 
radio observations revealed a unique pulsar wind nebula. It surrounds a supersonic 
source emitting highly collimated jets extending perpendicularly to the direction of 
motion. The jet has a continuous helical structure extending up to more than 10 parsec. 
Its direction is parallel to the axis of the parent supernova remnant and perpendicular to 
the pulsar kick velocity. IGR J11014-6103 is a laboratory to study jet ejection in the wind 
of a pulsar and constrain the core collapse mechanism. 
 

Exact Force-Free Magnetospheres 
Sam Gralla (UMD), 
Daniel Brennan, Ted Jacobson (UMD, UMD) 
 

We have found time-dependent, non-axisymmetric exact solutions to force-free 
electrodynamics that should describe the outer magnetosphere of pulsars, including 
those that are accelerated or torqued.  This description includes the exact dynamics of 
the current sheet, where gamma-ray emission may originate.  The solutions have 
charge-current four-vector along geodesic, shear-free null congruences.  We have also 
found exact solutions in Kerr, whose current is along the principal null congruences.  We 
emphasize the power and simplicity of a spacetime approach to force-free 
electrodynamics. 
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Energy Dissipation in Hybrid Stars 
Sophia Han (Washington University in St. Louis), 
Mark G. Alford, Kai Schwenzer (Washington University in St. Louis, Washington University in St. Louis) 
 

We propose a novel mechanism for the saturation of unstable oscillation modes in 
multi-component compact stars, which is based on the periodic conversion between 
different phases due to overall density oscillations. The case of a hybrid star with a sharp 
interface between a quark matter core and a nuclear matter crust is studied in detail 
and we find that this mechanism can lead to low saturation amplitudes, and thereby it 
could present the dominant damping mechanism in hybrid stars. We study the 
dissipation due to hadron-quark burning in a hybrid star using a steady-state 
approximation and find that in this case the dissipation entirely vanishes in the 
subthermal regime, but becomes finite and very strong once the oscillation amplitude 
reaches a critical value. This strong dissipation saturates unstable r-modes just above 
the critical value and as a result leads to a simple analytic prediction for the saturation 
amplitude. We find that the r-mode saturation amplitude can be as low as 
\alpha_sat~10^{-4} for conditions present in typical observed pulsars. 

 
Parallel Session VI: Electromagnetic Signatures of Binary Mergers 

11:00am, Far East Room 

Session Chair: Z. Musielak 

 

Electromagnetic counterparts to binary neutron-star mergers: the role of 
hypermassive neutron stars 
Daniel Siegel (Max Planck Institute for Gravitational Physics (Albert Einstein Institute)), 
Riccardo Ciolfi, Luciano Rezzolla (Max Planck Institute for Gravitational Physics, Max Planck Institute for 
Gravitational Physics) 
 

A differentially rotating hypermassive neutron star (HMNS) is a metastable object which 
can be formed in the merger of neutron-star binaries. The eventual collapse of the 
HMNS into a black hole is a key element in generating the physical conditions expected 
to accompany the launch of a short gamma-ray burst (SGRB). We investigate the 
influence of magnetic fields on HMNSs by performing three-dimensional simulations in 
general-relativistic magnetohydrodynamics. In particular, we provide direct evidence for 
the occurrence of the magnetorotational instability (MRI) in HMNS interiors. For the first 
time in simulations of these systems, rapidly-growing and spatially-periodic structures 
are observed to form with features like those of the channel flows produced by the MRI 
in other systems. The MRI emerges as a powerful mechanism to amplify magnetic fields 
over the lifetime of the HMNS and could thus contribute to generating the very high 
magnetic field strengths needed to explain the SGRB energies. Furthermore, we report 
on simulations showing collimated and non-collimated electromagnetic outflows from 
HMNSs, which are powered by magnetic winding. We discuss these results in the 
context of electromagnetic counterparts to binary neutron star mergers. 
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Magnetic Energy Production by Turbulence in Binary Neutron Star Mergers 
Jonathan Zrake (Stanford), 
Andrew MacFadyen (New York University) 
 

The simultaneous detection of electromagnetic and gravitational wave emission from 
merging neutron star binaries would greatly aid in their discovery and interpretation. By 
studying turbulent amplification of magnetic fields in local high-resolution simulations of 
neutron star merger conditions, we demonstrate that magnetar-level (~ 1016 G) fields 
are present throughout the merger duration. We find that the small-scale turbulent 
dynamo converts 60% of the randomized kinetic energy into magnetic fields on a 
merger timescale. Since turbulent magnetic energy dissipates through reconnection 
events that accelerate relativistic electrons, turbulence may facilitate the conversion of 
orbital kinetic energy into radiation. If 10-4 of the ~1053 erg of orbital kinetic available 
gets processed through reconnection and creates radiation in the 15-150 keV band, 
then the fluence at 200 Mpc would be 10-7 erg cm-2, potentially rendering most merging 
neutron stars in the advanced LIGO and Virgo detection volumes detectable by Swift 
BAT. 
 
Black Hole Hair and Electromagnetic Signatures of Merging and Collapsing Compact 
Objects 
Maxim Lyutikov (Purdue) 
 

(i) The ``no hair''  theorem is not applicable to black holes formed from the collapse of 
rotating magnetized neutron stars. Presence of self-produced highly conducting plasma 
magnetosphere  introduces a topological constraint of ``frozen-in''  open magnetic field 
lines. As a result,  an  open magnetic flux is conserved on the BH during the collapse, 
decaying on long resistive time-scales. (ii) A  Schwarzschild black hole moving  through a 
constant magnetic field generates electromagnetic jets and will slow down 
electromagnetically. Dissipation within these jets could be the dominant mechanism 
producing EM signal during the merger of supermassive BHs. 
 
Electromagnetic Emissions from the Coalescence of Magnetized Binary Neutron Stars 
Patrick M Motl (Indiana University Kokomo), 
Carlos Palenzuela, Luis Lehner, Steven L. Liebling, Marcelo Ponce, Matthew Anderson, David Neilsen 
(Canadian Institute for Theoretical Astrophysics, Perimeter Institute for Theoretical Physics, Long Island 
University, University of Guelph, Indiana University, Brigham Young University) 
 

We present results from numerical experiments that simulate the coalescence of binary 
neutron stars where we vary the orientation and strength of their initial magnetic fields.  
The simulations are run with a fully relativistic, resistive magnetohydrodynamics code.  
For the interesting, limiting cases we have studied to date, we analyze the Poynting flux 
emerging from the systems as well as energy deposition through resistive heating and 
the formation of current sheets. The emissions have specific angular and temporal 
dependencies and the radiation is significantly more isotropic than the highly beamed 
emission associated with a short-hard gamma ray burst. In addition to summarizing the 
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results from our numerical experiments we will discuss prospects for observing these 
transient emissions. 
 
Charged Particle Motion in Magnetized Black Holes 
Valeri Frolov (University of Alberta) 
 

There exist evidences that magnetic field plays an important role in the vicinity of 
astrophysical black holes. In particular it is required for explanation of such 
phenomenon as jet formation. Study of such problems in all their complexity requires 
three dimensional numerical simulations of the magnetized plasma in a strong 
gravitational field. Quite often, when dealing with such a complicated problem, it is 
instructive to consider first its simplifications, which can be treated either analytically, or 
by simple mathematical tools. Motion of a charged particle in a weakly magnetized 
black hole is an important example. We consider a non-rotating black hole in the weak 
magnetic field which is homogeneous at infinity. In the talk I discuss the following 
problems: How does such a magnetic field affect charged particle motion in the 
equatorial plane? How does it change the radius of the innermost stable circular orbits? 
I shall demonstrate that the magnetic field increases the efficiency of the energy 
extraction from the black hole and that magnetized black holes can be used as "particle 
accelerators". Finally, I shall discuss out-of-equatorial plane motion and demonstrate 
that it is chaotic. Possible applications of these results to astrophysics are briefly 
discussed. 

 
Parallel Session VI: X-Rays II 

11:00am, Royal Room 

Session Chair: X. Dai 

 
Using X-ray eclipses to determine the disk structure of Hercules X-1 
Denis Leahy (University of Calgary), 
M.H. Abdallah 
 

The Rossi X-ray Timing Explorer (RXTE) data archive includes a large set of observations 
of Hercules X-1 obtained over a 15 year period. Included within this data set are a large 
number of eclipse observations. The observed ingress and egress of the X-ray emitting 
neutron star and its surrounding accretion disk are observed it detail. We use a model 
which includes the companion star (HZ Her) and its atmosphere, the neutron star X-ray 
source, the accretion disk surface, and an accretion disk corona to reproduce the 
observations. From the model we determine the structure of  the atmosphere of HZ 
Her, the accretion disk corona and the disk. 
 
X-ray Diagnostics of Chemical Composition of the Accretion Disk and Donor Star in 
Ultra-compact X-ray Binaries 
Filippos Koliopanos (Max Planck Institute for Astrophysics), 
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Marat Gilfanov, Lars Bildsten (Max Planck Institute for Astrophysics,  Kavli Institute for Theoretical Physics 
UCSB) 
 

Ultra-compact X-ray binaries are identified by their extremely short orbital periods of 
less than 1h. This implies such tight orbits that only H-deficient compact objects would 
fit. Most likely, UCXBs consist of a Roche lobe filling white dwarf that is accreting onto a 
neutron star companion. This extreme environment offers a unique opportunity to peek 
at the interior of compact stars and the accretion of H-deficient material, as well as 
exploring questions of mass-transfer stability and the physics of compact object 
mergers. Depending on the evolutionary scenario leading to their creation, the donor 
could be a helium star, a He white dwarf or a C/O white dwarf. Determining the 
chemical composition of the disk (and therefore the donor star) in UCXBs is a crucial 
step in improving our understanding of the physics behind their origin and evolution. In 
our recently published paper we show that X-ray reflection spectra, in particular the iron 
Ka line, can be used as a diagnostic of the chemical composition of the accretion disk in 
UCXBs. Namely, we use Monte Carlo simulations to show that the most dramatic and 
easily observable consequence of a C/O-rich accretion disk is the more than tenfold 
attenuation of the Ka line of iron (consistently detected in the spectra of normal LMXBs 
with main sequence donors). On the other hand in the case of a He-rich donor the iron 
line remains at its usually observed strength. In my talk I will be presenting the details of 
our theoretical model and its predictions, as well its application to the spectra of well 
known UCXBs (Koliopanos et al. 2013 in prep.) and our conclusions regarding their 
chemical composition. 
 
The XMM-Newton Surveys of the Magellanic Clouds 
Georgios Vasilopoulos (Max Planck Institute for Extraterrestrial Physics), 
Frank Haberl, Pierre Maggi, Richard Sturm 
 

Nearby galaxies are well suited for investigating X-ray source populations in 
environments different to our own Galaxy. Moreover, sources in these galaxies have 
well determined distances and are less absorbed than sources in the galactic plane. The 
Large (LMC) and the Small (SMC) Magellanic Clouds (MC) are the nearest gas-rich star-
forming galaxies and their gravitational interactions are believed to have tidally 
triggered recent bursts of star formation. The recently completed XMM-Newton large 
program for the SMC (PI: F. Haberl), together with archival observations covers an area 
of 5.5 square degrees and has already produced significant results including a catalog of 
more than 3000 point sources (Sturm et al. 2013). In contrast to the SMC the LMC, our 
nearest starforming galaxy with metallicity between the Galaxy and the SMC, has 
received much less attention in X-rays so far. The XMM-Newton large program for the 
LMC (PI:F. Haberl) aims in giving new insights to the source populations of the LMC, by 
homogeneously covering an area of about 10 square degrees.  Although the complete 
analysis of the data is still in progress, with most of the observations of the project 
completed, the survey has started producing the first intriguing results regarding new 
high mass X-ray binaries and supernova remnants. The two surveys reach a limiting 
luminosity of 1032 erg/s and allowed us to derive hardness ratios for the point sources 
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and conduct spectral classification for most of the sources. For the brightest sources, we 
performed spectral and timing analysis. By complementing these results with surveys at 
other wavelengths we have managed to extend our understanding of the nature of 
individual sources as well as constructing unique data sets for X-ray source population 
studies (e.g X-ray binaries, supersoft sources, supernova remnants, background active 
galactic nuclei and foreground Galactic sources) in the different environments that the 
MCs provide. Here, we present an overview of these two surveys together with the 
highlights of the most interesting sources that they have produced so far (e.g. Be/X-ray 
binaries). 
 
Formation and Evolution of the SS 433 Jets 
Herman L. Marshall (MIT), 
Sebastian Heinz, Norbert Schulz (U. Wisconsin - Madison, MIT) 
 

We present observations and modeling of the SS 433 relativistic jets based on 
contemporaneous X-ray, optical, and VLBA observations. The X-ray and optical emission 
line regions are found to be related but not coincident as the optical line emission 
persists for days while the X-ray emission lines fade in less than 5000 s.  The line Doppler 
shifts from the optical and X-ray lines match well, indicating that they are less than 3e14 
cm apart. The jet Doppler shifts show aperiodic variations that could result from shocks 
in interactions with the local environment. These perturbations are consistent with a 
change in jet direction but not jet speed. We present limits on the jet length and models 
of the jets that involve semi-relativistic shock heating and subsequent radiative and 
adiabatic cooling. 

 
Parallel Session VI: Cosmic Microwave Background II 

11:00am, Regency Ballroom 

Session Chair: A. Hajian 

 
A Last Pre-flight Update on the SPIDER Mission 
Aurelien A Fraisse (Princeton University), 
SPIDER Collaboration 
 

The SPIDER balloon-borne polarimeter was shipped this summer to McMurdo, 
Antarctica, from where it will fly in December 2013.  A second flight, featuring a 
different frequency coverage, is scheduled for December 2015.  Careful control of 
instrumental systematics and a scanning strategy optimized to reduce the error in the 
reconstruction of the Stokes parameters will allow for a 3-sigma detection, in the 
presence of Galactic foregrounds, of the primordial B-mode signal in the Cosmic 
Microwave Background, provided that the tensor-to-scalar ratio r be greater than 0.03.  
SPIDER’s first flight will already provide competitive constraints; if polarized foreground 
emissions happen to be negligible in the SPIDER field, we will detect the r=0.03 
primordial B-mode signal after our first flight.  In this talk, I will review the goals, 
strategy, and status of the SPIDER experiment mere days (!) before its inaugural launch. 
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Uniformity of CMB as a non-inflationary geometrical effect 
Branislav Vlahovic (North Carolina Central University), 
Maxim Eingorn (North Carolina Central University) 
  

The conventional cosmology faces certain difficulties: the dark matter is not detected 
directly and the dark energy is not described theoretically on a satisfactory level; 
besides, some popular versions of the inflationary theory are unlikely consistent with 
the recent experimental data. We try to avoid the latter problem within the FLRW 
model of the closed Universe (with the spherical space), filled with the additional 
perfect fluid with the constant parameter -1/3 in the linear equation of state (which 
may be called quintessence). We answer the following question: can this additional fluid 
lead to light traveling between the antipodal points during the current age of the 
Universe? Certainly, this possibility strongly affects the inflation scenario which may 
completely lose its necessity. 
 
Doppler boosting effects in Planck 
Douglas Scott (University of British Columbia), 
Planck Collaboration 
 

Our velocity relative to the rest frame of the cosmic microwave background (CMB) 
generates a dipole temperature anisotropy on the sky.  This can be thought of as a 
dipole modulation of the monopole.  It is well-known to have an amplitude of DT/T=v/c 
= 0.00123, or v = 369km/s, and is large because of the relatively large monopole and 
velocity.  As well as this signal our motion also modulates the CMB temperature 
fluctuations at the level of about 0.1%, and additionally causes an aberration of the 
anisotropy field.  These signals have been detected with the all-sky coverage, high 
angular resolution, and low noise levels of the Planck satellite.  Using optimal statistics 
we find a velocity signature for the combined aberration and modulation effects, which 
is in the known dipole direction.  These signatures are independent of the hemispheric 
modulation effects which are seen at larger angular scales in a different direction. 
 
The Polarization Signature of a Large Local Bulk Flow 
Elinore Roebber (McGill University), 
Gilbert Holder (McGill University) 
 

Peculiar velocities of free electrons in the intergalactic medium produce a Doppler shift 
of the cosmic microwave background with a frequency-dependent quadrupole term.  
This will source polarization in the CMB, creating a large-scale polarization anisotropy if 
the bulk flow is local and coherent on large scales.  For an observer at the center of a 
sphere of constant-directional bulk flow and constant electron density, the anisotropy 
will be a pure quadrupole aligned with the direction of the flow.  We find an upper limit 
on the local bulk flow from the WMAP9 data, and calculate the amplitudes associated 
with previously-claimed detections of bulk flows.  The signal is small, but potentially 
detectable with future experiments for the largest bulk flows reported. 
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The Effect of Primordial Anti-Biasing on the Local Measurements of the Key 
Cosmological Parameters 
Jounghun Lee (Seoul National University) 
 
The best-fit values of the density parameter (Ωm) and the amplitude of the linear density 
power spectrum (σ8) obtained from the Cosmic Microwave Background (CMB) 
temperature field scanned by the Planck satellite are found to notably disagree with the 
parameter values estimated from the abundance of galaxy clusters observed in the local 
universe. Basically, the observed cluster counts are significantly lower than the 
prediction of the standard ΛCDM model if the key parameters of the model are set at 
the Planck values. We show that this inconsistency between the local and the CMB 
scales can be well resolved without failing the standard ΛCDM cosmology  if the local 
universe is assumed to be an anti-biased tracer of the primordial peculiar potential field. 
Assuming that the local universe has formed in a crest of the primordial gravitational 
potential field which has a characteristic scale of  105 h-1 Mpc for the standard ΛCDM 
model and incorporating this primordial anti-biasing effect into its theoretical prediction 
for the mass function of dark matter halos, we find that the observed lower number 
densities of the galaxy clusters are in fact fully consistent with the Planck universe. 
 
LCDM Predictions on the Stacked Late-ISW Signal 
Simone Aiola (University of Pittsburgh) 
 
The accelerated expansion of the universe leaves an imprint in the CMB fluctuations on 
large scales, namely late-time ISW effect. Such signal has been claimed to be detected at 
a 4.4sigma level by stacking temperature patches corresponding to superstructures 
identified in the SDSS DR6. Recently, several authors have argued that this strong 
detection is in tension with the theoretical expectation at more than 3sigma level. I will 
present estimates of the expected signal, by using random realizations of the CMB sky. 
Such simulations include the effect of the small-scale fluctuations, providing a complete 
treatment of the cross-correlation and the intrinsic noise, which can partially explain the 
present tension. I will also discuss future prospects for diagnosing the stacking method. 

 

Plenary Presentation XV 
2:00pm, Regency Ballroom 
Session Chair: TBC 
 

Gravitational Lensing and Applications to Cosmology  

Nick Kaiser (IfA, University of Hawaii) 

Plenary Presentation XVI 
2:45pm, Regency Ballroom 
Session Chair: TBC 
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First Results From The Nuclear Spectroscopic Telescope Array (NuSTAR) High-Energy X-
ray Mission 
Fiona Harrison (California Institute of Technology) 
 
The Nuclear Spectroscopic Telescope Array, the first focusing high-energy X-ray 
telescope in orbit, extends sensitive X-ray observations above the band pass where 
Chandra and XMM-Newton operate.   With an unprecedented combination of 
sensitivity, spectral and imaging resolution, NuSTAR is advancing our understanding of 
black holes, neutron stars, and supernova remnants.  I will describe the mission, and 
present highlights of science results from the first year of science observations. 

 

Parallel Session VII: Cosmic Acceleration/Dark Energy 

4:00pm, Gold Room 

Session Chair: D. Huterer 

 

Systematic Effects of Progenitor Composition on the Spontaneous Deflagration-to-
Detonation Transition in Type Ia Supernovae 
Alexei Poludnenko (Naval Research Laboratory) 
 
Type Ia supernovae (SNIa) were first suggested over 50 years ago to result from the 
thermonuclear incineration of a degenerate white dwarf star (WD) in a binary stellar 
system. In the past two decades, SNIa have emerged as a preeminent tool in cosmology, 
to a great extent, due to the significant improvements in the accuracy of their 
calibration as standard candles. This accuracy, however, is not perfect and the 
remaining scatter in the inferred intrinsic brightness of SNIa confounds the detailed 
studies of dark energy and, more importantly, leaves open the possibility of the 
presence of unknown systematic effects. Here we investigate one potential source of 
such systematic effects, namely carbon-to-oxygen ratio (C/0) of the progenitor WD, in 
the context of the delayed detonation model. In this scenario, the explosion starts as a 
subsonic deflagration that later transitions to a supersonic detonation (deflagration-to-
detonation transition, or DDT). The onset of DDT is controlled by the interaction of the 
thermonuclear flame with the turbulent flow field that develops during the explosion. 
Here we show that microscopic properties of the laminar thermonuclear flame vary 
strongly with the C/O ratio. In particular, a drastic change in flame speed is accompanied 
by the qualitative change in flame structure. Furthermore, we couple these new results 
on the properties of laminar deflagrations with the model of the spontaneous DDT 
process recently demonstrated using ab initio 3D simulations (Poludnenko et al., PRL 
107, 054501 (2011)). Based on this, we show that decrease in the C/O ratio will 
systematically lead to significantly higher densities at which DDT occurs and, thus, to 
systematically larger 56Ni yields. Finally, we discuss the implications of these results that 
provide a physical mechanism connecting the intrinsic SNIa brightness with the mass of 
the SNIa progenitor and, thus, with the age of the host stellar population. 
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Testing Lambda and the Limits of Cosmography with the Union2.1 Supernova 
Compilation 
Brett Bochner (Hofstra University), 
Damon Pappas, Menglu Dong (Hofstra University, Washington University at Saint Louis) 
 

We present a cosmographic study designed to test the simplest type of accelerating 
cosmological model: a flat universe with matter and a Cosmological Constant (Λ). 
Hubble series expansions are fit to the SCP Union2.1 compilation supernova data, in 
order to estimate the Hubble Constant (H0), the deceleration parameter (q0), and the 
jerk parameter (j0). Flat ΛCDM models require j0 = 1, regardless of how ΩTot = 1 is divided 
up between matter and Λ, thus providing us with a single-parameter test of the entire 
paradigm. Because of convergence issues due to supernova data with z > 1, we fit the 
data to series expansions in y-redshift as well as z-redshift; and to estimate the effects 
of ``model-building uncertainty'' -- i.e., the extreme sensitivity of best-fit results to the 
choice of fitting model used, due to series truncation errors -- we perform fits using five 
different distance indicator functions (from luminosity distance to angular diameter 
distance), and four different polynomial orders. Our principal findings are that one 
cannot yet use the current supernova data to reliably obtain more than four 
cosmological parameters; and that estimates even of j0 remain dominated by model-
building uncertainties, beyond just statistical or systematic errors. Although j0 = 1 
remains extremely consistent with the Union2.1 supernovae, the most restrictive bound 
that we can place upon the jerk parameter is j0   [-9.2,9.8]. Since our inability to obtain 
more parameters from the data (and thus reduce the model-building uncertainty) 
appears to be due to the lack of sufficient supernovae with redshifts greater than z    
1.4, it seems clear that stronger tests of the flat Λ paradigm must await the influx of new 
standard candle data, at the highest redshifts possible, from future surveys. 
 

Large-scale Structure Formation with Dark Energy and Massive Neutrinos 
Amol Upadhye (Argonne National Laboratory), 
Rahul Biswas, Adrian Pope, Katrin Heitmann, Salman Habib, Hal Finkel, Nicholas Frontiere (Argonne 
National Laboratory, Argonne National Laboratory, Argonne National Laboratory,Argonne National 
Laboratory,Argonne National Laboratory,Argonne National Laboratory) 
 

Over the next decade, cosmological measurements of the large-scale structure of the 
Universe will determine the combined mass of the neutrinos and will significantly 
constrain evolution of the dark energy density. I will discuss the extension of the Time-
RG higher-order cosmological perturbation theory to models with dynamical dark 
energy and massive neutrinos, and I will establish its validity through comparison to N-
body dark matter simulations. For models without massive neutrinos I will also quantify 
the accuracy of Standard, Renormalized, and Lagrangian perturbation theories. An 
approximation that neglects neutrino inhomogeneities as sources for matter clustering 
predicts the Baryon Acoustic Oscillation (BAO) peak position to 0.25% accuracy for red 
shifts 1 < z < 3, justifying the use of Lagrangian perturbation theory for BAO 
reconstruction in upcoming surveys. 
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Classical and Quantum Bianchi type I cosmology in K-essence theory 
Luis Pimentel (Universida Autonoma Metropolitana Iztapalala), 
Jose Socorro, Abraham Espinoza-Garcia (Universidad de Guanajuato-Leon,Universidad de Guanajuato-
Leon) 
 

We use one of the simplest forms of the K-essence theory and we apply it to the 
classical anisotropic Bianchi type I cosmological model, with a barotropic perfect fluid 
(p= ερ) and with cosmological constant Λ. Classical solutions are found in closed form. 
Isotropization is considered for these models. We also present a canonical quantization 
procedure of the theory which can be simplified by reinterpreting the the scalar field as 
an exotic part of the total matter content. The solutions to the Wheeler-DeWitt 
equation were found in closed form for several values of the barotropic parameter and 
the cosmological constant. 
 

The Dark Energy Survey: Status Report and First Results 
Shantanu Desai (LMU), 
DES Collaboration 
 

During fall 2012 the Dark Energy Survey (DES) collaboration installed and commissioned 
DECam, a 570 mega-pixel optical and near-infrared camera with a large 3 sq. deg. field 
of view, set at the prime focus of the 4-meter Blanco telescope in CTIO, Chile. In the 
course of the next five years DECam will map an entire octant of the southern sky to 
unprecedented depth, measuring the position on the sky, redshift and shape of over 
200 million galaxies, together with thousands of galaxy clusters and supernovae. With 
this data set, DES will study the properties of dark energy using four main probes: galaxy 
clustering on large scales, weak gravitational lensing, galaxy-cluster abundance, and 
supernova distances. A "Science Verification" (SV) period of observations, lasting until 
late February 2013, followed the DECam commissioning phase, and provided science-
quality images for over 150 sq. deg. at the nominal depth of the survey.  The DES main 
survey began normal operations on August 31, 2013. Here we present the first scientific 
results from the SV observations, a status report on the first  season observations and a 
summary of the plans and goals for the upcoming years. 
 
Advancing Relativistic Astrophysics with the Pan-STARRS Wide Field High Resolution 

Optical Survey 

William S. Burgett (University of Hawaii Institute for Astronomy) 

 

The advent of wide field high resolution optical surveys has demonstrated the 
importance of this observing niche for providing critical data to advance our 
understanding of many relativistic astrophysical phenomena in stellar, galactic, and 
cosmological physics. From the preceding 15 years through the next 20 years, this type 
of survey was first represented by the Sloan Digital Sky Survey, then in the last several 
years by Pan-STARRS and others, and eventually by LSST early in the next decade,  In this 
talk, I shall summarize recent, forthcoming, and potential results from the Pan-STARRS 
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PS1 survey that highlight the richness of results from this type of survey including stars 
being tidally disrupted by super-massive black holes at the centers of galaxies, the 
characterization of a large sample of Type Ia SNe to map out the expansion history of 
the Universe, weak lensisng, and cross-correlating large scale structure with the CMB to 
search for ISW signatures. I will also present a brief status update for the second Pan-
STARRS telescope (PS2), and how future possibilities for a PS1+PS2 survey can continue 
building on the success of the initial PS1 survey. 
 

 
Parallel Session VII: Lensing 

4:00pm, Parisian Room 

Session Chair: T. Brainerd 

 
Cosmology with Minkowski Functionals and Moments of the Weak Lensing 
Convergence Field 
Andrea Petri (Columbia University), 
Zoltan Haiman, Lam Hui, Morgan May, Jan M. Kratochvil (Columbia University, Columbia University, 
Brookhaven National Laboratory, University of Miami) 
 

We compare the efficiency of moments and Minkowski functionals (MFs) in constraining 
the subset of cosmological parameters (Omega_m,w,sigma_8) using simulated weak 
lensing convergence maps. We study an analytic perturbative expansion of the MFs in 
terms of the moments of the convergence field and of its spatial derivatives. We show 
that this perturbation series breaks down on smoothing scales below 5', while it shows a 
good degree of convergence on larger scales (15'). Most of the cosmological 
distinguishing power is lost when the maps are smoothed on these larger scales. We 
also show that, on scales comparable to 1', where the perturbation series does not 
converge, cosmological constraints obtained from the MFs are approximately 1.5-2 
times better than the ones obtained from the first few moments of the convergence 
distribution --- provided that the latter include spatial information, either from 
moments of gradients, or by combining multiple smoothing scales. Including either a set 
of these moments or the MFs can significantly tighten constraints on cosmological 
parameters, compared to the conventional method of using the power spectrum alone. 

 
Self-calibrating Weak Lensing Systematics 
Pengjie Zhang (Shanghai Astronomical Observatory, Shanghai Jiao Tong University) 
 

Weak gravitational lensing is a powerful probe of cosmology. However, weak lensing 
measurement through cosmic shear suffers from systematic errors such as galaxy 
intrinsic alignment and photo-z error. I will present our proposals to self-calibrate galaxy 
intrinsic alignment (both GI and II) and photo-z error through extra information 
available for free in weak lensing survey. I will also present our ongoing works of lensing 
reconstruction through cosmic magnification. 
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A New Approach to Gravitational Lensing by Spherical Mass Profiles 
Roger Anderson Hurtado Mojica (Observatorio Astronómico Nacional (OAN) - 

Universidad Nacional de Colombia - Bogotá - Colombia), 
Leonardo Castañeda, Juan M. Tejeiro (OAN - U. Nacional de Colombia, OAN - U. Nacional de Colombia) 
 

Gravitational lensing theory by spherical mass distributions has been widely studied, 
because this models are among the most used. The aim of our work is to explain a novel 
method to find the properties of a spherically lens. The idea is to express the surface 
mass density as a combination of a decreasing function of a dimensionless coordinate 
on the lens plane, more its derivative. The function is found by a first order linear 
differential equation and it depends on the mass distribution of the lens. The 
importance of the method is that it is not necessary to solve the Poisson equation to 
find the deflection potential, because the observables of the lens, e.g., deflection angle, 
magnification, shear, etc., are found directly in terms of the function, and in turn, the 
lens equation can be expressed immediately in terms of the lens parameters. This is a 
more direct way to solve the gravitational lensing problem. The method is tested with 
the most common spherical lens models, Point Mass, Singular Isothermal Sphere, Non-
Singular Isothermal Sphere and NFW profile, and the results obtained are the same as 
those in literature. As an application, this method can be employed to constrain the 
deflection potential so that it leads to real mass distributions. 
 
The Embedded Transparent Lens 
Ronald Kantowski (Oklahoma University), 
Bin Chen, Xinyu Dai (Oklahoma University, Oklahoma University) 
 

Embedding a gravitational lens effectively reduces the gravitational potential's range, 
i.e., partially shields the lensing potential because the lens mass is made a contributor to 
the mean mass density of the universe and not simply superimposed upon it. All lensing 
quantities are thus affected. The theory to lowest order  is easily reconciled with the 
conventional lensing theory and several examples are discussed. At the lowest order the 
time-delay function for an embedded lens is related to the Fermat potential and even 
though rigorous derivations have only been made for the point mass embedded in a flat 
background, the generalization of the lens equation to lowest-order for any distributed 
lens in any homogeneous background is obvious. We also show that a derivative of the 
Fermat potential will give the CMB temperature variation across a cluster or void lens. 
We find that embedding can introduce corrections at the few percent level in weak 
lensing shears caused by large clusters, but only at large impacts, and that the potential 
part of the time delay is affected in strong lensing at the few percent level also. Our 
original motive for studying embedded lenses was to settle the debate about the effect 
Λ does or doesn't have on the gravitational deflection of passing photons; we once again 
affirm that the effect exists. 
 
Effets of Survey Geometry on Power Spectrum Covariance for Cosmic Shear Survey 
Ryuichi Takahashi (Hirosaki University), 
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Shunji Soma, Masahiro Takada, Issha Kayo (Hirosaki U., U. of Tokyo, Toho U.) 
 

We investigate effects of survey geometry on cosmological parameter estimation from 
cosmic shear survey. We study the power spectrum covariance of a log-normal 
convergence field for various survey geometries. It turns out that, even in the same 
survey area, the signal-to-noise ratio (SN) and the parameter estimation errors strongly 
depend on the survey geometry. As an example for a rectangle survey geometry of an 
area 100 deg2, the SN for a very elongated shape (0.5 x 200 deg2) is about 3 times better 
than a square (10 x 10 deg2). We also derive an analytical expression of covariance 
matrix for the log-normal convergence field. We find that the effects of survey shape 
can be simply characterized by only one parameter, the variance of convergence in the 
survey region   

 . 
 
The Trouble(s) with Anisotropic Galaxy-Galaxy Lensing 
Tereasa Brainerd (Boston University) 
 

Galaxy-galaxy lensing has proven to be a powerful tool with which the dark matter 
around luminous galaxies can be constrained. The strongest constraints have come from 
studies in which the shear is circularly averaged about the lens centers. In the CDM 
paradigm, however, the dark matter halos of galaxies should be non-spherical and this 
should give rise to an anisotropic galaxy-galaxy lensing signal on scales less than a few 
100 kpc. Observational searches for anisotropic galaxy-galaxy lensing have not yielded 
results that are as conclusive as we might have hoped. Here I will show that the 
observed anisotropic galaxy-galaxy signal may be significantly affected by multiple weak 
lensing deflections. When present, multiple deflections may cause the observed signal 
to appear isotropic (leading to the conclusion that the halos of the lenses are spherical), 
even when the halos are distinctly non-spherical and mass and light are perfectly 
aligned within the lens galaxies. In truly extreme cases the observed signal may manifest 
as the reverse of the expected signal, leading to an incorrect conclusion that mass and 
light are anti-aligned in the lens galaxies. I will demonstrate that the effects of multiple 
deflections on the anisotropic galaxy-galaxy lensing signal can be effectively eliminated 
by choosing a sample of isolated lens galaxies, and I will argue that observations of 
anisotropic galaxy-galaxy lensing are most easily interpreted using shallow, wide-field 
data.  Further, I will show that observations of the locations of satellite galaxies suggest 
that mass and light are poorly aligned in disk galaxies, making the prospect for detecting 
anisotropic galaxy-galaxy lensing around disk galaxies particularly grim. 
 
Strong lensing probes of the nature of dark matter 
Anna Nierenberg (University of California, Santa Barbara) 

A fundamental prediction of Lamda CDM is that a Milky Way mass galaxy should be 
surrounded by thousands of satellite galaxies while only about twenty are observed. 
Either there are a large number of dark subhalos around the Milky Way which do not 
contain enough stars to be detected, or our assumptions about the physics of dark 
matter on small scales are incorrect. Strong gravitational lensing is a powerful method 



27th Texas Symposium on Relativistic Astrophysics – Dallas, TX – Dec. 8-13, 2013 

104 | P a g e  
 

of testing these theories, as it is sensitive to the presence of dark matter halos 
regardless of their baryonic properties. This method has been traditionally limited by 
the small number of suitable strong lensing systems. I present results from a new study 
in which we use spatially resolved spectroscopy with laser guide star adaptive optics to 
measure substructure lensing. This technique makes it possible to detect substructure in 
a much larger sample of lenses than previously available, thereby enabling us to place 
unprecedented constraints on the nature of dark matter on small scales in the near 
future. 

 
Parallel Session VII: Active Galactic Nuclei 

4:00pm, Oak Room 

Session Chair: R. Walter 

 
Theories of QPOs (Diskoseismology, ...) Confront Black Hole Spin 
Bob Wagoner (Stanford Univ. / KIPAC) 
 

We compare the determinations of the angular momentum of stellar mass black holes 
via the continuum and line methods with those from models which attempt to generate 
the QPOs (quasi–periodic oscillations) observed in many sources. Within 
diskoseismology, the most robust and visible normal mode of oscillation of the accretion 
disk is the fundamental g–mode. The comparisons are most consistent with the second 
highest frequency QPO being produced by this g–mode, but are not consistent with any 
model in which one QPO frequency is close to that of the innermost stable circular orbit. 
We also include a recent result from numerical simulations of McKinney et al. in which 
QPO frequencies are proportional to the angular velocity of the black hole. The fact that 
the ratio of the two highest observed frequencies is close to 3/2 remains a mystery that 
we are investigating. 
 
Radiation from Accelerated Particles in Relativistic Jets with Shocks, Shear-flow, and 
Reconnection 
Ken-Ichi Nishikawa (UA Huntsville) 
 

We investigated particle acceleration and shock structure associated with an 
unmagnetized relativistic jet propagating into an unmagnetized plasma. Strong 
magnetic fields generated in the trailing shock contribute to the electron’s transverse 
deflection and acceleration. Kinetic Kelvin-Helmholtz instability (KKHI) is also 
responsible to create strong DC magnetic fields. The velocity shears in core-sheath jets 
create strong magnetic field perpendicular to the jet. We examine how the Lorentz 
factors of jets affect the growth rates of KKHI. We have calculated, self-consistently, the 
radiation from electrons accelerated in these turbulent magnetic fields in the shocks. 
We found that the synthetic spectra depend on the bulk Lorentz factor of the jet, its 
temperature and strength of the generated magnetic fields. We will investigate 
synthetic spectra from accelerated electrons in strong magnetic fields generated by 
KKHI. The calculated properties of the emerging radiation provide our understanding of 
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the complex time evolution and/or spectral structure in gamma-ray bursts, relativistic 
jets in general, and supernova remnants. 
 
XBONGs and Optically Elusive AGN: Infrared Insights 
Krista Lynne Smith (University of Maryland), 
Mike Koss, Richard Mushotzky (U. of Hawaii, U. of Maryland) 
 

We have taken near-infrared (NIR) spectra of four optically-elusive AGN and four X-ray 
bright, optically normal galaxies (XBONGs) that were selected by the Swift-BAT ultra-
hard X-ray (14 - 195 keV) sky survey. We combine this new data with archival 
observations from SDSS, 2MASS, and Spitzer to investigate the nature of their emission 
line regions. We identify a number of AGN indicators in the NIR and MIR that 
successfully identify these elusive objects as AGN; namely, NIR emission line diagnostic 
ratios, the presence of high ionization lines in the MIR, and the presence of a hidden BLR 
in the NIR spectrum. We also discount the possibility that these eight objects are 
optically elusive or normal due to excess star-formation in the host, the presence of 
radiatively-inefficient accretion flows (RIAFs), or the presence of significant starlight 
dilution from the host galaxy. In general, we find that most of these objects are not 
identifiable as AGN even in the NIR, indicating heavy obscuration. 
 
What Makes the Jet Production Efficiency in AGN So Diverse 
Marek Sikora (N. Copernicus Astronomical Center), 
Mitchell  Begelman (JILA U. of Colorado) 
 

Magnetic fluxes required to power jets in radio-loud quasars are significantly greater 
than those that can develop in standard accretion disks.  The required levels of those 
fields are achievable only by the accumulation process, which proceeds via advection of 
magnetic fields by the accreting matter.  Eventually, this leads to the formation of a 
magnetosphere around the black hole and the innermost portions of the accretion flow.  
Since such an advection is expected not to work efficiently in geometrically thin disks, 
we recently suggested (in Sikora et al. 2013, ApJ, 765, 62) that such an accumulation of 
magnetic flux can occur via hot, quasi-spherical accretion.  Without this pre-phase, the 
cold accretion events would result in radio quiet (or at most, moderately radio-loud) 
quasars, as explored by Sikora and Begelman (2013, ApJ, 764, L24). Our presentation is 
based on these papers. 
 
Effects of the Second Generation of SSC Photons on the Broadband Modelling of 
Centaurus A 
Maria Petropoulou (University of Athens/Purdue University), 
Eva Lefa, Stavros Dimitrakoudis, Apostolos Mastichiadis (University of Athens) 
 

The recent discovery of high-energy (GeV) and very-high energy (TeV) gamma-ray 
emission from both the core and the extended lobes of Centaurus A, the nearest radio 
galaxy, has placed the source to the center of attention. So far, the leading interpreting 
scenario for its multiwavelength emission, at least below the TeV energy band, is the 
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one-zone synchrotron self-Compton (SSC) emission model. Although this can, in 
principal, be applied on both blazar and radio galaxies, the conditions in  the emitting 
region of the latter, e.g. low Doppler factor values, favors the emergence of the second 
SSC photon generation. Here we concentrate on the core emission of Centaurus A and 
we show by analytical and numerical means that the second SSC component should not 
be neglected.  It peaks in the sub-GeV energy range, but since most of the scatterings 
occur in the Klein-Nishina regime, it cannot account for the overall emission observed by 
Fermi. Finally, we discuss an alternative explanation of the GeV and/or TeV emission 
that involves a relativistic proton distribution. 
 
Diagnostics of Leptonic vs. Hadronic Emission Models for Blazars 
Markus Boettcher (North-West University, Potchefstroom, South Africa) 
 

The nature of the particles responsible for the high-energy emission in blazars is still 
under debate. Both leptonic models (in whichelectrons and/or electron-positron pairs 
produce gamma-rays via Compton scattering) and leptonic models (in which 
ultrarelativistic protons produce gamma-rays via proton synchrotron radiation and 
photo-pion production) are currently still viable. I will review the salient features of 
leptonic and hadronic blazar emission models and describe observational diagnostics to 
distinguish between these two scenarios. Possible diagnostics include neutrino 
emission, which is only expected in hadronic scenarios; variability patterns, where 
uncorrelated high-energy vs. synchrotron variability would favor hadronic scenarios; and 
high-energy polarization, where a high degree of X-ray and gamma-ray polarization 
would also point towards hadronic emission scenarios. These diagnostics will be 
discussed in the context of the new and future generation of ground-based gamma-ray 
observatories (H.E.S.S.-II and CTA), as well as satellite-borne X-ray polarimeters and 
Fermi-LAT. 

 
Parallel Session VII: Gamma Ray Bursts II 

4:00pm, Continental Room 

Session Chair: M. Lyutikov 

 
Blue Supergiant Model For Ultra-Long Gamma-Ray Burst With Superluminous-
Supernova-Like Bump 
Daisuke Nakauchi (Kyoto University), 
Kazumi Kashiyama, Yudai Suwa, Takashi Nakamura (Pennsylvania State University, Yukawa Institute for 
Theoretical Physics, Kyoto University) 
 

A new population of ultra-long GRBs (ULGRBs), GRB 111209A, GRB 101225A, and GRB 
121027A, has a duration of ~10000s, which are much longer than that of typical LGRBs 
(~ 30 s). Moreover, GRB 111209A is accompanied by the superluminous-supernova 
(SLSN) like bump, which is ~ 10 times brighter than typical hypernovae, like Type Ic SN 
1998bw. While Wolf-Rayet stars are the most plausible LGRB progenitors, they cannot 
explain the very long duration and SLSN-like bump of ULGRBs. A blue supergiant (BSG) 
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progenitor model, however, can reproduce the duration. Moreover, SLSN-like bump can 
be attributed to the so-called cocoon fireball photospheric emissions (CFPEs). Since a 
large amount of energy can be stored in the cocoon of hot plasma while the relativistic 
jet propagates the BSG envelope, CFPEs can be a smoking gun of BSG model for ULGRBs. 
Here, we examine the UV/Optical/IR light curves of ULGRB afterglows and demonstrate 
that they can be fitted quite well by our BSG model with the appropriate choices of the 
jet opening angle and the ambient gas density. We also propose that some SLSNe might 
be CFPEs of off-axis ULGRBs without detectable prompt emission. 
 
Two- and Three-Component Jets from 3-Dimensional Magnetohydrodynamic Jet 

Simulations of Disk Winds 

Rachid Ouyed (University of Calgary), 

Jan Staff, Nico Koning (Macquarie University - Australia, University of Calgary - Canada) 
 

I will describe our recent efforts in understanding the role of large scale magnetic field 
in the formation of two- and three-component jets in magnetohydrodynamic disk winds 
simulations. Our simulations show a one-component and two-component jets develop 
depending on the magnetic field distribution along the surface of the accretion disk. 
Magnetic field configurations with the least steep gradient along the disk lead to a well 
defined two-component jet with the self-similar (Blandford-Payne) configuration 
separating the two regimes. Our results have direct implications to jets models of AGN 
and GRBs if indeed two-component jets emanate directly from the accretion disk. Our 
findings imply that a three-component jets may exist in AGN jets if one takes into 
account a Blandford-Znajek component in the innermost, relativistic, regions. 
 
Radiative Transfer Simulations in Gamma-ray Burst Jets 
Sanshiro Shibata (Konan University), 
Nozomu Tominaga (Konan University) 
 

Recently, thermal radiation from gamma-ray burst (GRB) jets attracts attention as the 
origin of the GRB prompt emission. In order to treat the thermal radiation from GRB jets 
properly, both the radiative transfer in the jets and the complicated inner structures of 
the jets should be taken into account. We developed a numerical code to calculate the 
radiative transfer in relativistic jets, based on the Monte-Carlo method. The code 
enables us to calculate the electron scatterings as a postprocessing in relativistic jets 
with complicated structures obtained by 2D relativistic hydrodynamical calculations. We 
will present the results of the calculations. 

 
Parallel Session VII: Relativity III 

4:00pm, Far East Room  

Session Chair: L. Ammann 

 
Exchange of Energy-momentum Between Matter and Gravitational Waves 
Adam Helfer (University of Missouri) 
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While many authors have considered the tidal effects of gravitational waves on matter, 
there has been little work on the possibility of bulk exchange of energy-momentum.  
How, for instance, is a test particle scattered by a gravitational wave?  If the particle falls 
freely, how can its energy-momentum be affected? Historically, it was the apparent 
paradoxes involved in treating questions like this which gave rise to the emphasis on 
tidal effects, as demonstrably invariant local consequences of the radiation.  Yet it is fair 
to say that such work left a central issue unresolved, for tidal effects would only be the 
differentials of whatever bulk scattering exists. I will give some limited but clean results 
on this problem, showing how waves exchange energy-momentum with small amounts 
of matter in the waves' radiation zones.  The analysis uses strongly some deep 
properties of the Bondi-Sachs-Penrose treatment of energy-momentum at null infinity, 
and brings out important features of the asymptotic geometry.  The paradoxes are 
resolved by measuring energy-momentum in the sense of Bondi and Sachs; there is 
indeed an exchange of this, in an invariant sense, between the gravitational radiation 
and matter. Because of such exchanges, there must be back-reactions on gravitational 
waves when they travel through matter.  This is contrary to the folklore that the waves 
should be unaffected by matter, except for background-curvature effects.  I will explain 
some of the limitations of the folklore arguments.  Because the present analysis focuses 
on energy-momentum and not wave-forms, however, it can only give rough estimates 
of how the waves are affected. 
 
Quantum Resolution of Timelike Singularities in Spherically Symmetric, Conformally 
Static Spacetimes 
Deborah A. Konkowski (U.S. Naval Academy), 
Thomas M. Helliwell (Harvey Mudd College) 
 

Following pioneering work by Wald, a proposal for using quantum fields to resolve 
singularities in static spacetimes with timelike singularities was originated by Horowitz 
and Marolf. A static spacetime is termed quantum mechanically non-singular if the 
spatial portion of the relevant wave operator is essentially self- adjoint in the space of 
square-integrable functions on a spatial slice. We have shown that the Horowitz and 
Marolf definition of quantum non-singularity for static spacetimes can be extended to 
the case of conformally static spacetimes. We have tested the formalism for a class of 
conformally static, spherically symmetric spacetimes, a class that includes the special 
cases studied by Roberts, by Fonarev, and by Husain, Martinez and Núnez. We use as 
quantum fields the solutions of the generally coupled, massless Klein-Gordon equation, 
and Weyl's limit point - limit circle criteria for judging the existence of quantum 
singularities. This requires that we write the radial part of the Klein-Gordon equation in 
the form of a one-dimensional Schrödinger equation, and evaluate the behavior of the 
associated potential energy in the vicinity of the singularity. In this way we discover the 
ranges of metric parameters and coupling coefficients for which classical timelike 
singularities in these spacetimes are resolved quantum mechanically. 
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A Many-Body Generalization of the Mathisson-Papapetrou-Dixon (MPD) Equations in 
Analytic Perturbative Form 
Dinesh Singh (University of Regina) 
 

This presentation is an attempt to produce a many-body description of the Mathisson-
Papapetrou-Dixon (MPD) Equations for spinning pointlike particles in the presence of 
strong gravitational backgrounds. Building upon an analytic perturbative treatment of 
the MPD equations for a single particle, the many-body approach makes use of the 
generalized Jacobi equation to identify how a neighbouring set of spinning particles 
deviate in their propagation compared to a reference worldline, taking into account the 
spin-curvature forces and torques generated due to a strong gravitational source, such 
as a black hole. This presentation aims to both provide this description for both general 
space-time backgrounds and specific examples of astrophysical relevance, with 
discussion of future developments to follow. 
 
Unimodular Conformal and Projective Relativity 
Kaca Bradonjic (Wellesley College), 
John Stachel (Center for Einstein Studies, Boston University) 
 

The existing work on unimodular cosmology is based on the decomposition of the 
metric tensor, which represents the chrono-geometry of space-time, into a conformal 
metric and a scalar field. However, there is another space-time field governing the 
behavior of physical systems: the inertia-gravitational field, described by a linear affine 
connection. In Unimodular Conformal and Projective Relativity (UCPR), the affine 
connection is decomposed into a projective connection and a covariant vector 
field.Thus, UCPR allows us to describe all gravitational phenomena in terms of four 
independent and irreducible fields with clear physical interpretations: invariant four-
volume scalar, conformal metric, projective connection, and affine one-form. We 
present a number of arguments for adopting the unimodular group as the symmetry 
group of all theories of gravitation and show how UCPRa allows one to break up the 
usual Levi-Civita metric-affine compatibility condition into a number of intermediate 
ones, which may be imposed independently,  resulting a number of new possible 
theories. Finally, we demonstrate the utility of UCPR in solving some puzzling questions 
in quantum gravity and cosmology. 
 
Instability Threshold of Ion-acoustic Wave in Non-Maxwellian Magnetospheric 
Electron-positron-ion Plasma. 
Kashif Arshad (Pakistan Institute of Engineering and Applied Sciences, Islamabad, 

Pakistan), 
Arshad M.Mirza (Quaid-i-Azam University, Islamabad, Pakistan) 
 

By employing Boltzmann-Vlasov kinetic model for nonthermal distributed electron-
positron-ion plasma of our earth's magnetosphere and the solar wind streaming plasma 
can drive ion-acoustic waves unstable. It is found that the growth rate increases with 
the decrease of spectral index and increases with the streaming velocity of the solar 
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wind. The numerical results are also presented by choosing some suitable parameters of 
magnetospheric plasma. 

 
The Geometry of Relativity 
Tevian Dray (Oregon State University) 
 
Special relativity is usually expressed in terms of the Lorentz factor gamma, and general 
relativity is usually taught using some version of tensor analysis.  Each of these algebraic 
descriptions hides the underlying geometric structure: Special relativity is really 
"hyperbola geometry", a non-Euclidean geometry closely related to hyperbolic 
geometry, and General relativity can be expressed naturally in terms of "vector-valued 
forms", without requiring a full-blown course in differential geometry. The geometric 
nature of special and general relativity will be discussed, along with the possible 
implications for undergraduate courses on both topics. 

 
New Fundamental Wave Equation on Curved Space-time and its Cosmological 
Applications 
Zdzislaw E. Musielak (University of Texas at Arlington), 
John L. Fry, Trei-wen Chang (University of Texas at Arlington, University of Texas at Arlington) 
 

A method of identifying fundamental scalar waves on curved space-time manifolds of 
General Relativity and the principle of relativity are used to derive two infinite sets of 
fundamental higher derivative wave equations.  One of these sets contains the original 
curved space-time Klein-Gordon (KG) equation and it is shown that all physically-
acceptable solutions to the higher derivative wave equations in this set are the same as 
the solutions to the KG equation, which means that the KG equation is the only 
fundamental wave equation in this set.  However, for the other set, it is demonstrated 
that all physically-acceptable solutions to the higher derivative wave equations are the 
same as the solutions to the lowest order fundamental wave equation in this set.   As a 
result, this lowest order wave equation is the only new fundamental equation in the set 
and it is used to construct higher derivative (non-local) quantum field theories on curved 
space-time manifolds.  A scalar field described by this new fundamental wave equation 
is considered as an inflation field, and its applications to the early stages of the Universe 
as well as to Dark Energy are discussed. 

 
Parallel Session VII: High Energy Astrophysics-Exp 

4:00pm, Royal Room 

Session Chair: F. Rieger 

 
The TeV Sky Observed by HAWC 
Brenda L Dingus (Los Alamos National Lab), 
HAWC Collaboration 
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The High Altitude Water Cherenkov (HAWC) gamma-ray observatory began science 
operations 1 Aug 2013 with ~1/3 of the full detector.  The rest of the detector will be 
constructed within the next year.  Even now, HAWC is the most sensitive, wide field of 
view (~2 sr), continuously operating, TeV gamma-ray observatory ever constructed.  
Every day HAWC observes the entire sky from a Declination of -30 deg to +70 deg. 
HAWC is searching for transient sources such as flares from active galactic nuclei and 
gamma ray bursts as well as measuring Galactic sources to the highest energies.  I will 
present the latest results from HAWC which includes significant detections of multiple 
known TeV sources as well as the sky map from the first few months of HAWC 
observations that shows excess emission along the plane of the Galaxy. 
 
Recent Results from the Pierre Auger Cosmic Ray Observatory: Energy Spectrum and 
Arrival Directions of the Highest Energy Cosmic Rays 
Corbin E. Covault (Case Western Reserve University), 
for the Pierre Auger Collaboration 
 

The Pierre Auger Observatory is the world's largest experiment to measure the 
properties of cosmic rays at the highest energies, up to 10^{20} eV or more.  The origin 
of these cosmic rays remains a profound and compelling mystery in particle 
astrophysics.  Auger is a hybrid detector consisting of two coincident but distinct 
detector systems: (1) an array of 1,660 water-Cherenkov Surface Detector stations 
spread over 3,000 square kilometers area for detecting air shower particles on the 
ground; and (2) a set of four Fluorescence Detector telescopes which provide 
calorimetric measurements of the development of cosmic ray showers as they 
propagate through the atmosphere.  Located near Malargue in Argentina, Auger has 
been collecting data continuously since 2004.  We report on recent results from Auger 
for the measurement of the all-particle cosmic ray energy spectrum and for arrival 
directions of the highest energy cosmic rays. The observed Auger cosmic ray spectrum 
features a high-energy cutoff consistent with intergalactic absorption. Arrival directions 
of the highest energy cosmic rays are largely isotropic but there is evidence that the 
arrival directions of the highest energy cosmic rays may correlated with the nearby large 
scale structure of matter. We also describe recent searches for point sources and large-
angle anisotropies.  All of these new results place significant constraints on theory and 
provide essential clues as to the origin and nature of the highest energy cosmic rays. 

 
High Energy Astrophysics Experiments Using Intense Laser 
Edison Liang (Rice University) 
 

Recent advances in intense lasers provide the opportunities to study a variety of high-
energy astrophysical processes in a controlled laboratory setting. Even though the space 
and time scales of laser plasma interactions are many orders of magnitude different 
from those in astrophysics, many physical processes, especially those involving 
collisionless relativistic plasmas, are scale invariant and can be studied in the laboratory 
setting. We will review some recent advances in collisionless shocks, pair and gamma 
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ray creation, Poynting flux, magnetic field generation and reconnection, among others. 
We will also discuss future prospects and directions for this field of research. 
 
Fermi at Five: Highlights from the Fermi Large Area Telescope 
Eric Charles (KIPAC and SLAC National Accelerator Laboratory) 
 

The Fermi observatory was launched on June 11th 2008, and since then the Large Area 
Telescope (LAT) has been observing the sky at energies from 20 MeV to over 300 GeV. 
The first five years of the Fermi mission produced many exciting scientific results, some 
expected and others unexpected, involving many types of astrophysical sources. These 
results have answered many questions about the non-thermal processes needed to 
produce high-energy gamma rays. Specifically, we have improved our understanding of 
the sources that provide the energy that drives gamma-ray emission, as well as particle 
acceleration and emission mechanisms that produce the gamma rays themselves. 
Furthermore, in many cases the resulting gamma rays have traveled cosmological 
distances before reaching the LAT,  allowing us to obtain insights about the intervening 
extragalactic radiation and magnetic fields. In this talk I will review the scientific 
highlights from the LAT, and describe the resulting advances in our understanding of the 
non-thermal processes that produce astrophysical gamma rays. I will also briefly discuss 
the differences between gamma-ray emission from dark matter annihilation or decay 
and from astrophysical sources and describe how we have used those differences to 
search for dark matter in the Milky Way and beyond. 
 
Results from the ANTARES Neutrino Telescope 
Fabian Schüssler (CEA-Saclay / Irfu) 
 

The ANTARES detector in the Mediterranean Sea is the largest deep-sea neutrino 
telescope in the Northern Hemisphere. Its primary goal is the search for astrophysical 
neutrinos in the TeV/PeV range. This includes searches for point-like sources and the 
search for a high energy excess over the atmospheric neutrino flux. In this contribution 
an overview of the most recent results obtained with 5 years of data will be given. We 
will concentrate especially on multi-messenger analyses based on time and/or space 
coincidences with other cosmic probes and the alert follow-up program involving a 
network of optical telescopes and the SWIFT satellite. 
 
Recent Results form the Pierre Auger Observatory: Composition and Hadronic 
Interactions of the Highest Energy Cosmic Rays 
Patrick Allison (Ohio State), 
for the Auger Collaboration 
 

The Pierre Auger Observatory combines a 3000 square kilometer water-Cherenkov 
surface detector array with air fluorescence telescopes to measure high-energy cosmic 
ray extensive air showers both in a hybrid mode and with the surface detedctor alone.  
Using hybrid data, the depth of shower maximum Xmax has been measured. Using these 

data, the proton-air cross section has been measured at √  =57 TeV.  The energy 
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dependence of the mean and RMS of the Xmax distribution has also been measured.  
Using hadronic interaction models extrapolating from measurments at accelerator 
energies, this can be interpreted in terms of the mean and variance of the log of the 
nuclear mass.  However, there are discrepancies between the muon content predicted 
by simulations using these models and observations of muon content in showers.  This 
results in a mismatch between the longditudinal profile measured in the fluorescence 
detector and the surface detector lateral distributions. Studies of the surface detector 
signal time structure and of inclined showers also indicate an excess of muons in 
showers compared to simulations. Upgrades to the detector to enhance studies of 
muon content are being developed and will be briefly outlined. 
 
ISS-Lobster: A Low-cost, Wide-field X-ray Transient Mission on the ISS 
Jordan B Camp (Goddard Space Flight Center), 
Scott Barthelmy, Robert Petre, Neil Gehrels, Judith Racusin, Frank Marshall, Andy Ptak (Goddard Space 
Flight Center (for all)) 
 

This talk presents ISS-Lobster, a wide-field X-ray transient mission proposed to be 
deployed on the International Space Station. Through its unique imaging X-ray optics 
that allow a 30 deg by 30 deg FoV, a 1 arc min position resolution and a 10^-11 erg/(sec 
cm^2) sensitivity in 2000 sec, ISS-Lobster will observe numerous events per year of X-ray 
transients related to compact objects, including: tidal disruptions of stars, supernova 
shock breakouts, neutron star bursts and superbursts, high redshift Gamma-Ray Bursts, 
and perhaps most exciting, X-ray counterparts of gravitational wave detections involving 
both stellar mass and supermassive black holes. A 3-axis gimbal system will allow fast 
pointing in response to any independent, multi-wavelength indication of these events. 
Finally, deployment of this detector on the ISS will realize significant cost savings 
compared to a free-flying satellite as power, communication, and ISS transport are 
provided. 

 
Parallel Session VII: Nuclear Astrophysics II 

4:00pm, Regency Ballroom 

Session Chair: C. Bertulani 

 
Classical Novae at the Crossroads of Astrophysics, Nuclear Physics, and 
Cosmochemistry 
Jordi Jose (UPC Barcelona) 
 

Classical nova outbursts are powered by thermonuclear runaways that take place in the 
H-rich accreted envelopes of white dwarfs in close binary systems. Extensive numerical 
simulations have shown that these accreted envelopes attain peak temperatures 
ranging between 100 and 400 MK, for about several hundred seconds, and therefore, 
their ejecta is expected to show signatures of a significant nuclear activity. This is driven 
by proton-capture reactions in competition with beta-decays, proceeding close to the 
valley of stability, up to Ca. It has been claimed that novae can play a certain role in the 
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enrichment of the interstellar medium in a number of intermediate-mass elements. This 
includes 17O, 15N, and 13C, systematically overproduced in huge amounts with respect to 
solar abundances, with a lower contribution in a number of other species, such as 7Li, 
19F, or 26Al. Some of the radioactive species synthesized yield characteristic gamma-ray 
signals that may be detected by current (and future) space observatories. This talk will 
address recent advances in the modeling of such stellar explosions, with emphasis on 
state-of-the-art, hydrodynamic simulations  (spherically symmetric and 3-D), on their 
gross observational properties and on their associated nucleosynthesis. The impact of 
current nuclear uncertainties on the final nucleosynthetic yields will be discussed in 
detail. 
 
The Astrophysical Lithium, Beryllium and Boron Problem in Astrophysics in view of the 

Recent Trojan Horse Burning Reaction Rate Determinations 

Livio Lamia (Dipartimento di Fisica e Astronomia - Univ. di Catania), 
Claudio Spitaleri, M. La Cognata, R.G. Pizzone, S.M.R. Puglia, S. Romano (Dipartimento di Fisica e 
Astronomia-Univ. di Catania & INFN-LNS, INFN-LNS, INFN-LNS, Dipartimento di Fisica e Astronomia-Univ. 
di Catania & INFN-LNS, Dipartimento di Fisica e Astronomia-Univ. di Catania & INFN-LNS,) 
 

The study of the residual amount of light elements lithium, beryllium and boron (LiBeB) 
abundances in stars gives an unique opportunity for understanding stellar structure and 
mixing phenomena. LiBeB are gradually destroyed mainly via (p,α) reactions at different 
depths in stellar interior thus implying that their atmospheric abundances reflect their 
fate in stellar interior. For F-G young stars, Standard Stellar Models do not take into 
account the possibility of “communication” between the convective zone and the 
nuclear destruction zone where the burning of such elements occurs mainly via (p,α) 
reactions. However, observations on Hyades or Praesepe (~600 My) reveal a depletion 
of such elements, understandble in terms of non-standard mixing phenomena triggered 
by stellar rotation.  In addition, the still unsolved cosmological and stellar lithium 
observational scenario makes its understanding an exciting challenge. LiBeB burning 
reactions are then ignited at temperatures of ~106 K, thus the corresponding Gamow 
peak is centered at about 10 keV. However, at such energies, Coulomb penetrability 
effects strongly inhibit the cross section determination for particle charged induced 
reactions by means of direct measurements, being these, in addition, affected by the 
presence of the electron-screening. Here, in view of the recent results obtained via the 
application of the Trojan Horse Method (THM), the main destruction channels for 
lithium, namely the 6Li(p,α)3He and 7Li(p,α)4He reactions, and the one for boron, the 
11B(p,α)8Be reaction, will be shown. In more details, the (p,α) reactions have been 
investigated by applying the THM to the QF reactions 2H(6Li, α 3He)n, 2H(7Li, α 4He)n and 
2H(11B, α 8Be)n, by using deuteron as TH-nucleus, thanks to its simple p_n structure. The 
bare-nucleus S(E)-factor measurement will be discussed and compared with the 
extrapolations existing in the literature. In addition, the TH reaction rate deviates of 15% 
for lithium burning reactions and its astrophysical implications will be shown. 
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The 17O(p,α)14N reaction measurement  via the Trojan Horse Method  and its 
application to 17O nucleosynthesis 
Maria Letizia Sergi (Università di Catania- & I.N.F.N-L.N.S.), 
C. Spitaleri^1, M. La Cognata^1, L. Lamia^1, R.G. Pizzone^1, G.G. Rapisarda^1, X.D. Tang^2, B. Bucher^2, 
M. Couder^2, P. Davies^2, R. deBoer^2, X. Fang^2, L. Lamm^2, C. Ma^2, M. Notani^2, S. O' Brien^2, D. 
Roberson^2, W. Tan^2,  M. Wiescher^2, ,J. Mrazek^ (^1 Università di Catania- & I.N.F.N-L.N.S., 
^2Department of Physics, Joint Institute for Nuclear Astrophysics - University of Notre Dame - Indiana -
USA, ^3Physics Institute of ASCR -Rez- Czech Republic) 
 

The role of oxygen, in particular of the isotope 17O, is related to various open questions 
in astrophysics. First of all, it is one of the very few isotopes whose nucleosynthetic 
origin can be attributed to novae. In novae, 17O is produced in one of the two paths 
leading to 18F production which is of special interest for gamma-ray astronomy. 
Secondly, the relative abundances of the oxygen isotopes have been observed at the 
surface of some Red Giant stars. Thirdly, hundreds of presolar grains found in 
meteorites are composed of oxides with laboratory measured isotopic compositions. In 
particular, the importance of the 17O(p,α)14N reaction in theories of element synthesis in 
stars come from its occurrence in the CNO cycle in which it acts as a feedback into the 
main part of the cycle. Knowledge of the 16O/17O ratio then depends on a knowledge of 
the 16O(p,γ)17F cross sections which forms the 17O, and of the 17O(p,α)14N and 17O(p,γ)18F 
reactions which destroy it. At nova temperatures, T=0.1-0.4 GK,   the 17O(p,α)14N  
reaction cross section is dominated by two resonances:  one at about ERcm=65 keV 
above the 18F proton threshold energy  (EX=5.673 MeV) and another one  at ERcm= 183 
keV (EX=5.786 MeV). While, in the last years, several measurements of the ERc.m.=183 
keV resonance have drastically reduced the uncertainties on 17O(p,α)14N rate in the 
context of explosive H-burning, only one direct measurement for the ERc.m.=65 keV 
resonance was performed. In fact, because of the presence of the Coulomb barrier, the 
direct measurements at very low energies are very difficult and large uncertainties are 
still present on the available direct data. We report on the indirect study of the 
17O(p,α)14N  reaction via the Trojan Horse Method by applying the approach recently 
developed for extracting the resonance strength of narrow resonance in the ultra-low 
energy region. 
 
Recent Results on the 18F(p,a) Reaction Studied With Trojan Horse Method 
Marisa Gulino (UniKORE, Enna and LNS-INFN, Catania, Italy), 
S. Cherubini, G. G. Rapisarda, L. Lamia, M. La Cognata, S. Kubono, H. Yamaguchi, S. Hayakawa, Y. 
Wakabayashi, N. Iwasa, S. Kato, (Dipartimento di Fisica ed Astronomia - U  v     a’ d  Ca a  a – Italy, 
Riken- Wako-Japan,Center for Nuclear StudyThe University of Tokyo-Japan,Department of Physics-Tohoku 
University-Sendai-Japan, Department of Physics-Yamagata University-Japan,Department) 
 

The X-ray emission following the Nova explosion is dominated by the 511 keV energy 
line, coming from the annihilation of positrons produced by the decay of radioactive 
nuclei. Among them, the 18F is especially important because of its expected abundance 
in the Nova environment and because of its lifetime, that well match the timescale for 
Nova ejects to become transparent to X-ray emission. To understand the Nova explosion 
phenomena, it is then important to know the rate of the nuclear reactions producing 
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and destroying 18F. At the relevant temperatures, the uncertainty in the 18F(p,)15O 
reaction rate gives the main nuclear contribution to the overall uncertainty in the final 
abundance of 18F. The cross section of the reaction is dominated by the presence of 
several levels in the 19Ne compound nucleus around the 18F-p threshold. Moreover, the 
tails of some subthreshold levels are expected to contribute to the resonance cross 
section. Especially important is not only the width of these resonance states but also 
their interference effects. In spite of several and long lasting attempts to measure the 
cross section of 18F(p,)15O reaction the situation is still not satisfactory. This reaction has 
been recently measured using the indirect Trojan Horse Method applied for the first 
time to a reaction induced by a radioactive ion beam. Namely, to infer information on 
the process of interest, 18F(p,)15O in the low interesting energy region,  the three body 
reaction 18F(d,15O)n was studied by using a 18F beam produced at the CRIB facility in 
RIKEN, Japan, and a new large solid angle set-up especially designed to increase the 
global detection efficiency. Moreover, the beam tracks were reconstructed event by 
event to achieve the angular resolution mandatory for the method. The data analysis 
results and their astrophysical consequences will be presented. 
 
Trojan Horse Cross Section Measurements and Their Impact on Primordial 
Nucleosynthesis 
Rosario Gianluca Pizzone (Infn LNS CATANIA), 
C. Bertulani, R. Sparta', C. Spitaleri, A. L. Coleman, M. La Cognata, L. Lamia, A. Mukhamedzhanov, A. 
Tumino (Dipartimento di Fisica e Astronomia - Universita' di Catania Italy, Department of Physics and 
Astronomy Texas A&M University Commerce  USA, Cyclotron Institute Texas A& M University College 
Station USA, Universita' degli Studi di Enna `Kore" Enna Italy) 
 

Big Bang Nucleosynthesis (BBN) nucleosynthesis requires several nuclear physics inputs 
and, among them, an important role is played by nuclear reaction rates. They are among 
the most important input  for a quantitative description of the early Universe. An up-to-
date compilation of direct cross sections of d(d,p)t, d(d,n)3He and 3He(d,p)4He reactions 
is given, being these ones among the most uncertain bare-nucleus cross sections. An 
intense experimental effort  has been carried on in the last decade to apply the Trojan 
Horse Method (THM) to study reactions of relevance for the BBN and measure their 
astrophysical S(E)-factor. The result of these recent measurements  is reviewed and 
compared with the available direct data.The reaction rates and the relative error for the 
four reactions of interest are then numerically calculated in the temperature ranges of 
relevance for BBN (0.01<T9<10) and compared with up-to-date reaction rate 
compilations. Their value were therefore used as input physics for primordial 
nucleosynthesis calculations in order to evaluate their impact on the calculated 
primordial abundances of D, 3,4He and 7Li. These ones were then compared with the 
observational primordial abundance estimates in different astrophysical sites. A 
comparison was also performed with calculations using other reaction rates 
compilations available in literature. 
 
Nuclear structure input for rp-process rate calculations in the sd shell 
Werner A Richter (iThemba LABS, South Africa), 
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B Alex Brown (NSCL and Michigan State U.) 
 

We have embarked on a systematic study of important astrophysical rp-process rates 
for sd shell nuclei. The application of the shell-model to provide the essential nuclear 

structure input for the rate calculations is emphasized. Results for the 25Al(p,)26Si, 
35Ar(p,)36K and 29P(p,)30S reactions are discussed, as well as general principles for 
doing such calculations. Since the required spectroscopic information on proton-rich 
nuclei is difficult to obtain, one often has to rely on input from theory, or the use of 
measured properties of the mirror nuclei. The shell model is applied in three cases: i) 
Calculating the gamma decay widths in the final nucleus. For this the sd-shell 
interactions USDA or USDB are usually employed. The transition strengths are calculated 
from an optimal set of effective charges and g factors obtained from fits to large 
numbers of moments and transitions. ii) Calculating the proton decay widths in the final 
nucleus. Some simplifying assumptions in these calculations have to be made. iii) For 
energy levels experimental data is preferably used, where available, but inevitably some 
values, particularly in the resonant region above the threshold for particle emission, 
must rely on some calculation. Values from the Isobaric Mass Multiplet Equation (IMME) 
are more accurate than values calculate from a two-body interaction, because the 
binding energy of the required state can be expressed in terms of the experimental 
energies of two analog states (for T=1 nuclei) and a relatively small ( 200 keV typically) c 
coefficient that can be calculated quite accurately. The calculation of the c coefficient 
relies on the shell model, but the interaction used must incorporate Coulomb and 
isospin non-conserving effects. The interaction we have used is a compound interaction, 
consisting of a charge-dependent interaction by Ormand and Brown (1983), fitted to 
reproduce so-called b and c coefficients of the IMME, to which USDA or USDB are 
added. These interactions are available in NuShellX and are called USDAcdpn, and 
USDBcdpn. Here cd denotes charge-dependent, and pn indicates that the calculations 
are done in the pn formalism. We demonstrate the accuracy of the calculation of the c 
coefficients for various cases. For the present work the gamma and proton decay widths 
have been calculated with several Hamiltonians (USD, USDA and USDB), to find their 
values and to estimate their theoretical uncertainties. A general indication of the 
variation caused by the use of different interactions can be obtained by comparing the 
corresponding reaction rates. The problem of considering the contribution of negative 
parity states in the resonance region is also discussed. Comparisons with the 2010 
Evaluation of Monte Carlo based Thermonuclear Reaction Rates have been also been 
made. 
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Friday Abstracts 

13 December 2013 

 
Plenary Presentation XVII 

9:00am, Regency Ballroom 

Session Chair: M. Diaz 

 

Numerical Relativity and Binary Black Hole Mergers at 50 
Manuela Campanelli (Rochester Institute of Technology) 

 

The field of numerical relativity experienced a phenomenal growth during the past few 

years.  Among the most remarkable discoveries is the one that merging pairs of spinning 

black holes can generate a very strong emission of gravitational waves, and that the 

remnant black hole that forms after merger can recoil thousands of km/s. The detection 

of gravitational waves will constitute a major breakthrough in fundamental physics, 

opening a new window on the universe. For supermassive black-holes in galactic nuclei, 

these merger events are also expected to be accompanied by observable 

electromagnetic signals. In this talk, I will review the last 50 years of binary black hole 

merger simulations, and highlight the field's next challenges with emphasis on 

applications to both gravitational wave and electromagnetic astronomy and relativistic 

astrophysics. I will also present calculations of magneto-hydrodynamics accretion disks 

around inspiralling supermassive black-holes in galactic nuclei suggesting that these 

systems could be very luminous at the end stage of their evolution. 

 

Plenary Presentation XVIII 

9:45am, Regency Ballroom 

Session Chair: M. Diaz 

 

Gravitational Wave Astronomy in the Next Decade 
Bernard Schutz (Max Planck Institute Potsdam-Golm) 

Physics and astronomy are on the verge of studying their first directly detected 

gravitational wave signals. The current upgrade to Advanced LIGO is likely to ensure that 

happens by 2017. After this small but momentous beginning the science of gravitational 

wave astronomy can be expected to develop rapidly and in diverse directions. Advanced 

VIRGO will join LIGO, improving the sensitivity and helping locate sources on the sky. 

KAGRA in Japan will join the other three detectors, greatly improving source location 

and the rate of detections, and pioneering some third-generation technologies. LIGO 
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India will follow after 2020 well, forming a network that could make hundreds of 

detections per year. At the same time, pulsar timing arrays will use millisecond pulsars 

as beacons to survey the universe for ultra-low-frequency gravitational waves, probably 

making their first detections well within the next ten years. Space and ground-based 

instruments will study the cosmic microwave background to extract evidence for large-

amplitude gravitational waves present in the very early universe. The European ET third-

generation detector will be hoping for funding approval within the next ten years. And a 

space-based detector based on the LISA design will start on the path to the ESA L3 

launch during this period, after a successful flight of LISA Pathfinder in 2015. In this talk I 

will survey how these different developments fit together, and speculate on the 

discoveries and science advances that will have been made by 2023. 

Plenary Presentation XIX 

11:00, Regency Ballroom 

Session Chair: TBC 

 

Nuclear Astrophysics: Interpreting transients in the era of multi-messenger astronomy 
Sanjay Reddy (University of Washington) 
 
Nuclear and neutrino proceses in extreme environments play a role in diverse transient 
and explosive astrophysical phenomena. I will discuss advances in theory and 
simulations that have begun to provide a framework to interpret x-ray, gamma-ray, 
neutrino and gravitational wave emission from neutron stars, supernova and binary 
mergers. I will highlight the role of nuclear physics and discuss how it provides a unified 
description of a wide range of observed and observable phenomena.  
 

 
Closing Remarks 

11:45, Regency Ballroom 

Session Chair: TBC 
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Posters 

 
P1. Multi-wavelength polarimetry and spectral study of M87 jet during 2003-2008 
Sayali Sudhir Avachat (Florida Institute of Technology), 
Eric Perlman, Frazer Owen, Steven Adams, Mihai Cara (Florida Institute of Technology-Melbourne-FL, National 
Radio Astronomy Observatory-Socorro-NM, University of Georgia-Athens-GA, South Eastern Association for 
research in astronomy, Clemson University-Clemson-SC, Case Western Reserve University-Cleveland-OH) 
 

We present the multi-wavelength polarimetry and spectral study of M87 jet obtained at sub-
arcsecond resolution between 2003 and 2008. The observations include polarimetry and 
spectral analysis of VLA archival data sets along with the Hubble space telescope data sets 
analyzed in previous papers.  These observations have better angular resolution than previous 
work by factors of 2-3 and in addition, allow us to explore time domain. Polarization and 
spectral variability was recently found in highly variable, flaring knot HST-1, 0.86” from the 
nucleus, over the same period by Perlman et al. (2011), though there was no evidence of UV-
optical spectral variability in nucleus. Here we search for the polarization variability from 
nucleus, HST-1 and other jet components, and explore its relationship to the flux variability 
observed. We also compare the spectral and polarization characteristics of the jet in optical and 
radio, in terms of variability as well as morphologically. 
 
P2. Radio-loudness Distribution Dichotomy in Active Galactic Nuclei 
Ioana Dutan (Institute of Space Science, Bucharest-Magurele), 

Cristian D. Ionescu, Laurentiu I. Caramete, Valeriu M. Tudose (Institute of Space Science, Institute of Space Science, 
Institute of Space Science) 
 

Active galactic nuclei (AGN) seem to show a dichotomy in their radio emission, with some 
having powerful radio-emitting jets (radio-loud), and other having weak jets (radio-quiet). 
However, the existence of the radio-loudness distribution dichotomy in AGN is still a matter of 
debate. We present a detailed analysis of a sample of radio-selected AGN, obtained from the 
Veron-Cetty & Veron 13th catalog, and  explore how the black hole parameters determine 
structural differences in the jets on the tens of kiloparsec scale. 
 
P3. Minute-to-Hour Scale Rapid Variability of the Optical Polarization in the Relativestic Jets 
Ryosuke Itoh (Hiroshima University), 
Yasushi Fukazawa, Yasuyuki T. Tanaka, Koji S. Kawabata, Kenji Kawaguchi, Yuki Moritani, Katsutoshi Takaki, Issei 
Ueno, Makoto Uemura, Hiroshi Akitaya, Michitoshi Yoshida, Takashi Ohsugi, OISTER team (Hiroshima University) 
 

The AGN jets are characterized by high kinetic powers and large-scale structure, but the 
mechanics behind the creation and the composition of the jets are still a matter of much 
debate. Blazars and some radio-loud narrow-line Seyfert 1s are thought to possess a relativistic 
jet that is pointing toward the direction of the Earth and the effect of relativistic beamings 
enhances its apparent brightness. These objects are suitable objects to study the jets due to 
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their relativistic effect which makes the jet radiation dominant on overall spectral energy 
distribution. It is important to measure the time scales of variability because it provides limits 
on the size and location of the emitting regions. We performed observations of CTA 102 and 
PMN J0948+0022 with timescales from a few minutes to a few months to confirm a presence of 
the smallest emission region. In CTA 102, we performed optical/IR dense photometric and 
polarimetric monitors, following strong gamma-ray flares in 2012 September. The observed two 
flares can be explained by emergence of a new emission component which possesses highly-
ordered magnetic field. Such a magnetic field configuration would be generated through 
compression by shocks propagating down the jet. The observed polarization angle 
perpendicular to the jet direction is not unreasonable under the effect of relativistically-moving 
radiation source. For a narrow-line Seyfert 1 galaxy PMN J0948+0022, we detected very rapid 
(minutes-scale) variability in the polarized-flux light curve. The polarization degree reached 
36 3% at the peak of the short-duration flare, while polarization angle remained almost 
constant. These results provide a new observational evidence that highly ordered magnetic 
field is present inside a very compact emission region of the order of 1014 cm and imposes 
severe constraints on theoretical studies unless central black hole mass is much smaller than 
currently considered. 
 
P5. Constraints on Kaluza Klein Electromagnetism and Modified Gravity from Neutron Stars 
Grant J Mathews (U. Notre Dame, NAOJ), 
M.-K. Cheoun, C. Deliduman, C. Y. RYu, T. Kajino (Soongsil U., Minar Sinam FIne Arts U., Hanyang U., NAOJ) 
 

In Kaluza-Klein electromagnetism it is natural to associate modified gravity with strong 
electromagnetic fields.  Hence, in this paper we investigate the combined effects of a strong 
magnetic field and perturbative f(R) gravity on the structure of neutron stars. The effect of an 
interior strong magnetic field of about on the equation of state is derived in  the context of a 
quantum hadrodynamics (QHD) equation of state (EoS) including effects of the magnetic 
pressure and energy along with occupied Landau levels. Adopting a random orientation of 
interior field domains, we solve the modified spherically  symmetric  hydrostatic equilibrium 
equations derived for a gravity model with  f(R)=R+ α R2. Effects of both the finite magnetic field 
and the modified gravity are detailed for various values of the magnetic field and the 
perturbation parameter α along with a discussion of their physical implications. We show that 
there exists a parameter space of the modified gravity and the magnetic field strength, in which 
even a soft equation of state can accommodate a large (> 2 Solar masses) maximum neutron 
star mass. 
 
P6. Thermodynamic Phase Transitions in Kerr - Newman - Anti de Sitter 
Giovanny Francisco Guanga (National Polytechnic University) 
 

I apply the formalism of geometrothermodynamics to the Kerr - Newman - Anti de Sitter black 
holes. I use a thermodynamic Quevedo metric which is  determines the geometry of the space 
of equilibrium states. I show that the curvature scalar of the thermodynamic metric in all the 
cases is proportional to the heat capacity. I also analyze the phase transition phenomena using 
Ehrenfest's scheme of standard thermodynamics. The critical points are marked by the 
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divergences in the heat capacity. In order to investigate the nature of the phase transition, I 
analytically check both the Ehrenfest's equations near the critical points. 
 
P7. Clasification of geodesics in the Born-Infeld black hole 
Román Linares (Universidad Autónoma Metropolitana Iztapalapa), 
Román Linares, Daniel Martínez (Universidad Autónoma Metropolitana Iztapalapa) 
 

In this work we revisit the clasification of trajectories of test particles in a geometry that is the 
nonlinear electromagnetic generalization of the Reissner-Nordström black hole. The studied 
spacetime is a solution of the Einstein-Born-Infeld system, which is nonsingular outside a 
regular event horizon and characterized by three parameters: mass M, charge Q and the Born-
Infeld parameter b related to the magnitude of the electric field at the origin. This problem was 
addressed some time ago in certain cases, but due to recent developments in the classification 
of geodesics of different space-times, particularly in black holes type solutions, it is possible to 
cover more cases and as a consecuence understand better the classification of the geodesics. 
 
P8. Radiative properties of hot accretion flows 
Andrzej Niedzwiecki (Lodz University), 
Fu-Guo Xie, Agnieszka Stepnik 
 

We present a comprehensive survey of the solutions of our recently developed, fully GR model 
of optically-thin, two-temperature accretion flows, involving description of relevant hadronic 
processes. We compare predictions of our model with observations of low-luminosity black-
hole systems. We find that recent observational results, including the luminosity-spectral index 
correlations as well as the upper limits on gamma-ray luminosities, strongly constrain some of 
the model parameters, in particular the magnetic field strength, the efficiency of electron 
heating and the magnitude of nonthermal processes in the flow. 
 
P9. High-velocity Wind from IRS 1 in the NGC 2071IR Star-forming Region 
Miguel A. Trinidad (University of Guanajuato) 
 

We report the results of simultaneous radio continuum and water maser observations toward 
the NGC 2071IR star-forming region, carried out with the VLA in its A configuration. We detect 
continuum emission toward the infrared sources IRS 1 and IRS 3 at 1.3 and 3.6 cm.  In 
particular, IRS 1 breaks up into three continuum peaks (IRS 1E, 1C, and 1W), aligned in the east–
west direction, being IRS 1 is the central source. The morphology of the condensation IRS 1W is 
very interesting, which has an elongated structure and shows a significant curvature towards 
the north. We suggest that this morphology could be explained as the impact of a high-velocity 
wind or jetlike outflow from IRS 1 on a close companion or other obstruction, which also 
explains the strong water maser emission observed toward IRS 1W. 
 
P10. Propagation of Neutrinos in superdense media 
Samina Masood (Univ. of Houston Clear Lake) 
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We calculate the properties of neutrinos in superdense media with extremely high density and 
higher than decoupling temperature. We use the minimal extension of the standard model and 
calculate the refractive energy and form factors of neutrino in superdense media. Magnetic 
field effect has also been incorporated. 
 
P11. Coordinate-Free Symbolic Computations on Homogeneous Spaces 
Charles Torre (Utah State University), 
Ian Anderson (Utah State University) 
 

Homogeneous spaces play a distinguished role in gravitational physics and classical field theory.  
Coordinate computations on homogeneous spaces, particularly in higher dimensions, are 
extremely cumbersome even with computer algebra systems. On the other hand, 
homogeneous spaces are routinely analyzed by mathematicians using Lie theoretic methods.  In 
this talk I will show how to use the tensor analysis and Lie theory capabilities of the software 
package DifferentialGeometry to perform coordinate free computations on homogeneous 
spaces. In particular, I will show how to use the computer to obtain examples of homogeneous 
Einstein metrics and to explore a novel generalization of Birkhoff's theorem. 
 
P12. Interactive Cosmological Modeling Tools with Easy Java Simulations 
Jacob Moldenhauer (University of Dallas), 
Larry Engelhardt (Francis Marion University) 
 

We present essential interactive simulations that enable testing of a general spectrum of 
cosmological models. These Easy Java Simulation based programs utilize genuine data sets 
obtained from various observational surveys and quantitative comparison routines to produce 
results. The software collection provides a means of combining plotting features and parameter 
manipulation in a single package. Versions of the programs have been designed for educators 
and researchers alike. These programs can be found at Compadre Open Source Physics website, 
i.e. http://www.compadre.org/osp/items/detail.cfm?ID=12406. 
 
P13. Hubble Parameter Cosmology 
Tong-Jie Zhang (Department of Astronomy, Beijing Normal University) 
 

Experiencing the development of roughly one hundreds of years, modern cosmology step into 
its era of precision, and particularly face three dark clouds: Dark Energy, Dark Matter and Dark 
Age, which has been dubbed "3-D Universe" and are still clothed in mystery so far. In recent 
years, Hubble parameter H(z)--the observational Hubble parameter data(OHD), as an 
alternative approach, has increasingly drew many astrophysicists' attention in cosmological 
parameter constraint, especially on dark energy, apart from BAO, CL, SN, and WL respectively. 
In fact, Hubble parameter is directly derived from zero-order Friedmann equation, so the 
"Hubble Parameter Strategy",OHD, can be considered as the only direct measurement of 
accelerating expansion and equation of state of dark energy of the Universe. Thus we for the 
first time refer to this research field of Hubble parameter as  "Hubble Parameter Cosmology''. 
We review almost all of works already done in this field, addressing in detail the theoretical 
framework of H(z) as well as its four observational strategies: the differential age method, and 
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the radial BAO size method, the gravitational wave(GW) standard siren method (or the 
luminosity distance dipole method by the dipole anisotropy of luminosity distance) and 
Sandage-Loeb signal (SL) (or redshift drift) method respectively, and its illuminating 
cosmological power on  "3-D Universe''. Finally, we point the reader to the future prospect of 
upcoming observation programs that will lead to some major improvements in the quality of 
OHD, and also particularly conclude that  the Hubble Parameter Strategy will be a most 
powerful and prevailing probe among all current cosmological observations. 
 
P14. Effects of Kerr Strong Gravity on Quasar X-Ray Microlensing 
Bin Chen (Univ. of Oklahoma), 
Xinyu Dai, Eddie Baron, Ronald Kantowski (Univ. of Oklahoma, Univ. of Oklahoma, Univ. of Oklahoma) 
 

Recent quasar microlensing observations have constrained the sizes of X-ray emission regions 
to be about 10 gravitational radii of the central supermassive black hole. Therefore, the X-ray 
emission from lensed quasars is first strongly lensed by the Kerr black hole before it is lensed by 
the foreground galaxy and star fields. We present a scheme that combines the initial strong 
lensing of a Kerr black hole with standard microlensing by intervening stars. We find that X-ray 
microlensed light curves incorporating Kerr strong gravity can differ significantly from standard 
curves. The amplitude of the fluctuations in the light curves can increase or decrease by ~0.65-
0.75 mag by including Kerr strong gravity. The half-light radius of the X-ray emission region can 
be underestimated by up to ~50% or overestimated by up to ~20% depending on the spin of the 
black hole, the emission profile, and the inclination angle of the observer. We conclude that it 
should be possible to constrain important parameters such as inclination angles and black hole 
spins from combined Kerr and microlensing effects. 
 
P15. The Kinetic Sunyaev-Zel'dovich Effect as a Probe of the Physics of Cosmic Reionization: 
The Effect of Self-regulated Reionization 
Hyunbae Park (University of Texas at Austin), 
Paul R. Shapiro, Eiichiro Komatsu, Ilian T. Iliev, Kyungjin Ahn, Garrelt Mellema (U. of Texas - Austin, Max-Planck-
Institut für Astrophysik, U. of Sussex, Chosun U., Stockholm Observatory) 
 

We calculate the angular power spectrum of the cosmic microwave background temperature 
fluctuations induced by the kinetic Sunyaev-Zel'dovich (kSZ) effect from the epoch of 
reionization (EOR). We use detailed N-body+radiative-transfer simulations to follow 
inhomogeneous reionization of the intergalactic medium. For the first time, we take into 
account the "self-regulation" of reionization: star formation in low-mass dwarf galaxies (108 Mʘ 
  M    109 Mʘ) or minihalos (104 Mʘ    M    108 Mʘ) is suppressed if these halos form in the 
regions that were already ionized or Lyman-Werner dissociated. Some previous work suggested 
that the amplitude of the kSZ power spectrum from the EOR can be described by a two-
parameter family: the epoch of half-ionization and the duration of reionization. However, we 
argue that this picture applies only to simple forms of the reionization history which are roughly 
symmetric about the half-ionization epoch. In self-regulated reionization, the universe begins to 
be ionized early, maintains a low level of ionization for an extended period, and then finishes 
reionization as soon as high-mass atomically cooling halos dominate. While inclusion of self-
regulation affects the amplitude of the kSZ power spectrum only modestly (~10%), it can 



27th Texas Symposium on Relativistic Astrophysics – Dallas, TX – Dec. 8-13, 2013 

125 | P a g e  
 

change the duration of reionization by a factor of more than two. We conclude that the simple 
two-parameter family does not capture the effect of a physical, yet complex, reionization 
history caused by self-regulation. When added to the post-reionization kSZ contribution, our 
prediction for the total kSZ power spectrum is below the current upper bound from the South 
Pole Telescope. Therefore, the current upper bound on the kSZ effect from the EOR is 
consistent with our understanding of the physics of reionization. 
 
P16. Formation, dynamics and observational signatures of Poynting-flux-driven bubbles and 
shocks produced by merging NS binaries and implications for SGRBs 
Mikhail V. Medvedev (University of Kansas), 
Abraham Loeb (Harvard University) 
 

Merging  NS-NS and NS-BH binaries are thought to be progenitors of short gamma-ray bursts 
and sources of gravitational waves, hence they are of great importance for astrophysics. Strong 
magnetic field of one or both binary members and their high orbital velocities result is powerful 
energy outflow in the form of Poynting flux (e.g., magnetized outflows, relativistic winds, 
electromagnetic and plasma waves). The steady injection of energy by the binary forms a cavity 
(or a bubble) in the ISM filled with matter with the relativistic equation of state, which can drive 
a shock in it. Unlike the Sedov-von Neumann-Taylor blast wave solution for a point-like 
explosion, the shock wave here is continuously driven by the ever-increasing pressure inside 
the bubble. We calculate from the first principles the dynamics and evolution of the bubble and 
the shock surrounding it and predict that such systems can be observed as radio sources a few 
hours before and after the merger, but is expected to settle onto the Sedov solution later on. 
 
P17. Measuring the Missing Baryons in Galaxy Groups 
Jenna M. Nugent (University of Oklahoma), 
Xinyu Dai, Ming Sun (University of Oklahoma, Eureka Scientific) 
 

Recent observations indicate there is a “missing baryon problem” in the nearby universe. At low 
redshifts, the observed ratio of baryonic to total matter, the baryon fraction, in galaxies and 
galaxy groups is consistently less than that obtained from the CMB, fb = 0.166. In some cases, 
more than 90% of baryons remain undetected. Theory predicts that these baryons should 
reside in a Warm-Hot Intergalactic Medium and the difficult-to-detect outer hot halos of 
galaxies and clusters of galaxies. It is important to study the entire range of galactic structures, 
including galaxy groups, which have not been extensively explored. Therefore, we performed 
Suzaku X-ray observations out to r500 of the hot gas emission from two poor galaxy groups, NGC 
3402 and NGC 5129. To estimate the gas mass, we incorporate our number density at r500 to 
the previously established inner number density profile. Then we combine this with the stellar 
mass computed from the K-band luminosity to represent the baryon content, while the total 
gravitational matter is approximated by assuming hydrostatic equilibrium. The resulting baryon 
fractions will be compared to that of previous systems in the hope of better understanding the 
mechanisms responsible for the absence of baryons, which has significant implications in both 
galaxy evolution and cosmology. 
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P18. Application of Lagrangian perturbation theory for precision cosmology 
Takayuki Tatekawa (University of Fukui), 
Shuntaro Mizuno (Univ. Paris-Sud) 
 

We study application of Lagrangian perturbation theory (LPT) for precision cosmology. The 
large-scale structure in the Universe has been formed by self-gravitational instability of the 
density fluctuation. LPT can describe the evolution until quasi-nonlinear stage well. LPT cannot 
describe the present structure in strong nonlinear stage. However in deep observation of the 
near future, because the evolution of the large-scale structure is in quasi-nonlinear stage, the 
usefulness of LPT will be improved. Recently, fourth-order perturbative solutions for LPT have 
been derived by two group. Because of the difference of the derivation, the perturbative 
solutions are slightly different each other. In this conference, we will discuss two topics. First, 
we present the initial condition problem for cosmological N-body simulations. In general, 
Zel'dovich approximation, i.e., the first-order solution in LPT has been applied for the initial 
conditions of N-body simulations for a long time. These initial conditions provide incorrect 
higher-order growth. These error caused by setting up the initial conditions by perturbation 
theory is called transients. We investigated the impact of transient on several statistical 
quantities by performing cosmological N-body simulations with initial conditions based on first-, 
second-, and third-order solutions in LPT. Then we present the verification of the fourth-order 
perturbative solutions. For verification, we compute cross-correlation of the density field with 
cosmological N-body simulations. By this verification, we can show that the solution with 
stronger correlation is more better solution. 
 
P19. Electromagnetic Emission from Supermassive Black Hole Binaries Resolved by Pulsar 
Timing Arrays 
Zoltan Haiman (Columbia University), 
Takamitsu Tanaka (Max Planck Institute for Astrophysics) 
 

Pulsar timing arrays (PTAs) are expected to detect gravitational waves (GWs) from individual 
low--redshift (z < 1.5) compact supermassive (M>109 Mʘ) black hole binaries with orbital 
periods of 0.1 - 10 years. I will discuss the feasibility of identifying the electromagnetic 
counterparts of these sources.  Because the host galaxies of resolved PTA sources are expected 
to be exceptionally massive and rare, it should be possible to find unique hosts of resolved 
sources out to redshift z=0.2.  At higher redshifts, the PTA error boxes are larger, and may 
contain as many as O(100) massive-galaxy interlopers, but the true counterpart may be 
identified from its peculiar spectrum and from its quasi-periodic variability.  In particular, if the 
binary's tidal torques expel the gas from the inner part of the circumbinary accretion disk, this 
can make the source appear unusually dim in soft X-rays, with unusually weak UV and broad 
optical emission lines. Additionally, if the orbital plane lies close to the line of sight, the UV lines 
would exhibit periodic Doppler shifts.  These properties would make the PTA sources stand out 
among other optically luminous AGN. 
 
P20. High-energy X-ray Emission of the Galactic Center with NuSTAR 
Kerstin Perez (Columbia University), 
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Charles J. Hailey, Kaya Mori, the NuSTAR Team (Columbia University, Columbia University) 
 

The Galactic Center region contains the highest concentration of high-energy sources in the 
Milky Way. Its low-energy X-ray (2-10 keV) emission is dominated by the supermassive black 
hole Sgr A* and its surrounding central stellar cluster and dust and gas clouds, the supernova 
remnant Sgr A East, and numerous pulsar wind nebulae, non-thermal filaments, and X-ray 
binaries. At higher energies, mysterious compact sources have been identified by gamma-ray 
instruments, including INTEGRAL and HESS. In addition to this localized emission, various 
components of diffuse emission have been reported with varying scale lengths, ranging from 
the apparently thermal emission filling the inner tens of arc minutes to the galactic ridge 
emission (GRXE) extending for many degrees along the galactic plane.  We present here the first 
images of the Galactic Center obtained with the NuSTAR telescopes, providing the first sub-
arcminute view of the hard X-ray emission. The >20 keV emission is dominated by a single point 
source, consistent with a pulsar wind nebula 8" away from Sgr A*, and a hitherto unknown non-
thermal component extending along the Galactic plane. We will discuss the implications of this 
emission to models of bremsstrahlung, synchrotron, and inverse compton (IC) acceleration 
from cosmic-ray electrons, dark matter annihilation, and possible unresolved populations of 
neutron stars or magnetic CVs and other X-ray binaries. 
 
P21. Gravitational and Electromagnetic Waves on the Null Cone 
Maria C Babiuc (Marshall University) 
 

Gravitational radiation is properly defined only at future null infinity, but mathematically it is 
estimated at a finite radius, and then extrapolated. Our group developed a characteristic 
waveform extraction tool, implemented in an open source code, which computes the 
gravitational waves infinitely far from their source, in terms of compactified null cones, by 
numerically solving Einstein equation. We add electromagnetic waves to the null cone, by 
deriving a formulation of the Einstein-Maxwell equations suitable to be numerically 
implemented into a characteristic code, that will evolve and calculate both the gravitational 
waves and their electromagnetic counterparts all the way to infinity. 
 
P22. Nonlinear Black Hole Superradiance 
William E East (Stanford/KIPAC), 
Fethi Ramazanoglu, Frans Pretorius (Princeton University, Princeton University) 
 

We study the superradiant scattering of gravitational waves by a nearly extremal black hole 
(dimensionless spin a=0.99) by numerically solving the full Einstein field equations. We consider 

gravitational wave packets with initial energies up to 10% of the mass of the black hole where 
nonlinear effects become important. We find that in this regime the superradiant amplification 
of the scattered waves is reduced from the linear prediction, hence preventing violations of 
cosmic censorship. We also study the dynamics of the black horizon during the scattering 
process. 
 
P23. Testing the Kerr metric with Gravitational Waves 
James Graber (Library of Congress) 
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Soon we hope to begin the detailed mapping of spacetime near a black hole by observing 
gravitational waves from inspiralling binary compact objects. Searching by matched filtering 
against a set of precomputed templates is the expected way we will find these inspirals. An 
important question is whether we can distinguish between general relativity (GR) and any other 
nearly identical theory.  The non-rotating solutions of the Brans-Dicke theory and the Yilmaz 
theory have served for over thirty years as plausible alternatives to GR to guide the planning of 
observational tests. They can still be used for this purpose, but in order to compute a useful 
template bank for gravitational-wave inspiral searches, a precise rotational form is needed. 
Here we present exact rotating generalizations for these long-known non-rotating metrics.  We 
use the same master equation developed by Dadhich in his recent rederivation of the Kerr 
metric.  Beginning with flat spacetime in oblate spheroidal coordinates and progressing from 
there to the Schwarzschild metric and then from the Schwarzschild metric to the Kerr metric, 
Dadhich is able to express the Kerr metric as an exact one-parameter rotating modification of 
the Schwarzschild metric.  Following the same procedure, we find exact one-parameter rotating 
generalizations of other starting metrics such as Yilmaz, Brans-Dicke, and PPN. The master 
equation derived by Dadhich is: ds2 = A(dt –a sin2θ dφ)2 –dr2/A +ρ2 dθ2 - sin2θ [(r2+a2) dφ- a 
dt]2/ ρ2, where ρ2 = r2 + a2 cos2 θ and A = (r2 + a2)/ ρ2. Replacing A with (r2 + a2-2 M r)/ ρ2 yields 
the Kerr solution. Replacing A with eψ (r2 + a2)/ ρ2, where ψ = -2 M r/(r2 + a2),  produces the  
new rotating exponential metric which generalizes the Yilmaz metric. 
 
P24. Template Banks for Binary black hole searches with Numerical Relativity waveforms 
Prayush Kumar (Syracuse University), 
Ilana MacDonald, Duncan A. Brown, Harald P. Pfeiffer, Kipp Cannon, Michael Boyle, Lawrence E. Kidder, Abdul H. 
Mroue, Mark A. Scheel, Bela Szilagyi, Anil Zenginoglu (University of Toronto, Syracuse University, University of 
Toronto, University of Toronto, Cornell University, Cornell University,  University of Toronto,  California Institute of 
Technology,  California Institute of Technology,  California Institute of Technology) 
 

Gravitational waves (GW) from coalescing stellar-mass black hole binaries (BBH) are expected 
to be detected by the Advanced Laser Interferometer Gravitational-wave Observatory and 
Advanced Virgo. Detection searches operate by matched-filtering the detector data using a 
bank of waveform templates. Traditionally, template banks for BBH are constructed from 
intermediary analytical waveform models which are calibrated against numerical relativity 
simulations and which can be aluated for any choice of BBH parameters. This paper explores an 
alternative to the traditional approach, namely the construction of template banks directly 
from numerical BBH simulations. Using non-spinning BBH systems as an example, we 
demonstrate which regions of the mass-parameter plane can be covered with existing 
numerical BBH waveforms. We estimate the required number and required length of BBH 
simulations to cover the entire non-spinning BBH parameter plane up to mass-ratio 10, thus 
illustrating that our approach can be used to guide parameter placement of future numerical 
simulations. We derive error bounds which are independent of analytical waveform models; 
therefore, our formalism can be used to independently test the accuracy of such waveform 
models. The resulting template banks are suitable for advanced LIGO searches. 
 
P25. Electromagnetic waves driven by gravitational waves 
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Hajime Sotani (YITP, Kyoto Univ.), 
Kostas D. Kokkotas, Pablo Laguna, Carlos F. Sopuerta (U. of Tuebingen, Georgia Institute of Technology, CSIC-IEEC) 
 

Gravitational perturbations of neutron stars and black holes are well known sources of 
gravitational radiation. If the compact object is immersed in or endowed with a magnetic field, 
the gravitational perturbations would couple to electromagnetic perturbations and potentially 
trigger synergistic electromagnetic signatures. We present a detailed analytic calculation of the 
dynamics of coupled gravitational and electromagnetic perturbations for both neutron stars 
and black holes. We discuss the prospects for detecting the electromagnetic waves in these 
scenarios and the potential that these waves have for providing information about their source. 
 
P26. Celebrating Einstein 
Joey Shapiro Key (UT Brownsville), 

Nico Yunes, Neil Cornish (Montana State University,  Montana State University) 
 

Celebrating Einstein is a series of public art and multimedia events developed by the Gravity 
Group at Montana State University and now in partnership with the Center for Gravitational 
Wave Astronomy at UT Brownsville.  The Celebrating Einstein products are available to any 
party interested in hosting gravitational wave education and outreach events.  Celebrating 
Einstein is a truly interdisciplinary effort including art, film, dance, music, physics, history, and 
education.  Scripts, scores, animations, and films have been commissioned and produced for a 
Black (W)hole immersive art installation, A Shout Across Time original film and symphony score, 
a danced lecture on gravitational wave astronomy, and K-12 classroom lessons.  A full report 
and analysis of Celebrating Einstein audience learning gains will be presented. 
 
P27. Can we detect primordial gravitational waves from turbulence at the QCD crossover? 
Victor Raphael de Castro Mourão Roque (Universidade Federal do ABC), 
German Lugones (Universidade Federal do ABC) 
 

The aim of this work is to determine the minimum fluctuations in the cosmological QCD phase 
transition that are detectable by the eLISA/NGO gravitational wave observatory.  We 
performed  several hydrodynamical simulations using a state-of-the-art equation of state 
derived from lattice QCD simulations. Since the results of lattice QCD indicate a crossover we 
assume that the perturbations in the primordial fluid were generated by some event in the 
previous history of the Universe and survive until the QCD epoch due to the extremely large 
Reynolds number of the primordial fluid. Based on the fact that the viscosity per entropy 
density of the quark gluon plasma obtained from heavy-ion collision experiments at the RHIC 
and the LHC is extremely small, we considered in our simulations a non-viscous fluid. 
The previous works about this transition considered a first order transition that generates a 
Kolmogorov power law due the continuous injection of energy by the latent heat. In our 
hydrodynamic simulations the spectrum is very different since there is no viscosity and there 
isn’t a continuous energy injection. As a consequence, a large amount of kinetic energy 
accumulates at the smallest scales. From the hydrodynamic simulations, we have obtained the 
spectrum of the gravitational radiation emitted by the motion of the fluid finding that, if typical 
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velocity and temperature fluctuations have an amplitude v/c   10-2 and/or T/Tc   10-3, they 

would be detected by eLISA at frequencies larger than 10-4 Hz. 
 
P28. The Higgs Cosmos: The Higgs Boson as a Direct Consequence of a Kaluza-Klein 
Unification Model in a Hydrogenic Universe. 
John E. Brandenburg (Morningstar Applied Physics LLC) 
 

The Higgs Field, which permeates Space-Time and creates mass, must be coupled to gravity.  Here, it is 

proposed, that  Higgs  stems  from a Kaluza-Klein schema that results in a Cosmos dominated by protons 

and electrons with masses mp , me with  the result  Higgs-Compton= e2/(mpc2), where e is the electron 

charge.  This result gives MHiggs  128GeV (1) . The GEM (2) unification theory combines the hidden 5th 

dimensional approach of Kaluza-Klein with the Sakharov model of gravity as a Casimir effect. Gravity 

fields are modeled as an array of ExB drifts and the 5th dimension does “double duty” to define Gravity-

EM and lepton-baryon separation. The appearance of the compactified dimension creates the Higgs 

Field  in  the Planckian vacuum,  allowing the vacuum quantities α,  , G, and c to generate the particle 

quantities e, mp and me.  In this model  the basic lepton-baryon mass “splitting”   and the proton-

electron mass scale are now generated from the Planck Scale by the appearance the hidden dimension 

size,  (in esu units) ro = e2/(moc2) , where mo=(mpme)
1/2  and its relationship to the Planck Length, rp 

=(G/c3)1/2  Planck Mass MP  and the Planck Charge q*/ e  = α-1/2  which results in the pair of relations   

(mp/me)
1/2  ln(ro/rp) = 42.8503… and mp/MP  ( ln(ro/rp) )-q*/e  Inversion of the first formula gives a 

formula for G, the Newton Gravitation constant. G = (e2/mo
2)exp( -2((mp/me)

1/2) = 6.668 x 10-8 dyn-cm2-

g-2 which contains no free parameters. The proton mass is found to within 1.7%  from the Planck mass in 

the second formula , also without free parameters. The presence of the Higgs Field allows processes for 

“vacuum decay” into electron-proton pairs and a Cosmos satisfying the Dirac Large Numbers 

Hypothesis. (1) J.E. Brandenburg  (2012) (2) Brandenburg, J. E., (1995), Astrophysics and Space 

Science, 227, pp. 133. 

P29. Systematic and Performance Tests of The Hard X-ray Polarimeter X-Calibur 
Ryan M Endsley (Washington University in St. Louis), 
Dr. Matthias Beilicke (Washington University in St. Louis) 
 

X-ray polarimetry has great potential to reveal new astrophysical information about the 
emission processes of high energy sources, such as black hole environments, X-ray binary 
systems, and active galactic nuclei. We designed and tested the 20-60 keV hard X-ray 
polarimeter, X-Calibur, which will be flown on a 1-day balloon flight in the InFocµs X-ray 
telescope in 2014. X-Calibur will achieve unprecedented sensitivity and makes use of the fact 
that polarized X-rays preferentially Compton-scatter perpendicular to their E-field vector. A 
detailed understanding of the detector response is crucial for the interpretation of the data 
measured from astrophysical sources. Here, we present the results and conclusions of 
systematic and performance measurements of X-Calibur. The data was taken using the CHESS 
hard X-ray synchrotron source (40keV) at Cornell University. The primary goal of this study is to 
gain a detailed understanding of the response of X-Calibur to a polarized (as well as 
unpolarized) X-ray beam. We determine the modulation factor measured by different parts of 
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the polarimeter and compare it to simulations. Furthermore, we investigate the accuracy of the 
reconstructed polarization fraction and polarization plane from different parts of the detector. 
We successfully reconstruct the polarization fraction and plane and estimate systematic 
uncertainties in the reconstruction for individual detector components. 
 
P30. Search for gamma-ray emitting active galactic nuclei in the Fermi-LAT unassociated 
sample using machine learning 
Manel Errando (Barnard College, Columbia University), 
Marlene Doert (Columbia University) 
 

The second Fermi-LAT source catalog (2FGL) is the deepest survey of the gamma-ray sky ever 
compiled, containing 1873 sources, of which 576 remain unassociated. Using two 
complementary machine-learning algorithms trained on the gamma-ray properties of known 
active galactic nuclei (AGN), objects with AGN-like properties are identified in the unassociated 
source sample. The analysis finds 231 high-confidence AGN candidates, with increased 
robustness provided by intersecting the classifications from both algorithms. In addition, a 
method to estimate the performance of the classification algorithm is presented, that takes 
into account the differences between associated and unassociated sources. Follow-up 
observations targeting the AGN candidates, or studies of archival data, will reduce the number 
of unassociated gamma-ray sources and contribute to a more complete characterization of the 
population of gamma-ray emitting AGN. 
 

P31. Uncovering the Intrinsic Variability of Gamma-ray Bursts 
Vahid Zachary Golkhou (Arizona State University), 
Nathaniel R. Butler (Arizona State University - Cosmology Initiative) 
 

Although much has been learned in recent years, thanks in large part to the detection of 1000 
gamma-ray bursts (GRBs) with NASA’s Swift satellite ( 40% of which have measured 
distances/redshifts), GRBs remain perhaps the most elusive and poorly understood events in 
astronomy. Despite their presence at cosmological distances, use of GRBs to probe cosmology 
and the evolution of the Universe has proven difficult. It is remarkable that, despite thousands 
of observed light curves, even the presence of cosmological time-dilation has never been 
measured conclusively. Here, we propose and study a novel methodology to potentially do this, 
while also developing a unique and powerful description of prompt GRB variability. 
Identification of the shortest timescale of intensity variations in GRBs is vital to define the 
length scales in these explosions and to shed light on the emission mechanism. We study a 
wavelet formulation for the first order structure function (related to the auto-correlation 
function) to richly characterize GRB light-curve variability as a function of timescale. This 
approach averages over the time series captured for a given GRB, providing robust measures on 
minimum variability timescales. We will examine how these variability signatures depend on 
GRB redshifts and other observables, potentially discovering key source frame signatures in the 
light curves. 
 
P31. The WIMP-Induced Gamma Ray Spectrum of Active Galactic Nuclei 
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Miguel A Gomez (University of Texas at Arlington), 
Christopher B. Jackson, Gabe Shaughnessy (University of Texas at Arlington, University of Wisconsin) 
 

As direct and indirect dark matter detection experiments continue to place stringent con- 
straints on WIMP masses and couplings, it becomes imperative to expand the scope of the 
search for particle dark matter by looking in new and exotic places. One such place may be the 
core of active galactic nuclei where the density of dark matter is expected to be extremely high. 
Recently, several groups have explored the possibility of observing signals of dark matter from 
its interactions with the high-energy jets emanating from these galaxies. In this work, we build 
upon these analyses by including the other components of the WIMP-induced gamma ray 
spectrum of active galactic nuclei; namely, (i) the continuum from WIMP annihilation into light 
standard model states which subsequently radiate and/or decay into photons and (ii) the direct 
(loop-induced) decay into photons. We work in the context of models of universal extra 
dimensions (in particular, a model with two extra dimensions) and compute all three compo- 
nents of the gamma ray spectrum and compare with current data. We find that the model with 
two extra dimensions exhibits several interesting features which may be observable with the 
Fermi gamma ray telescope. We also show that, in conjunction with other measurements, the 
gamma ray spectrum from AGN can be an invaluable tool for restricting WIMP parameter 
space. 
 
P32. Constraining Gamma-ray Emission From Galaxy Clusters From a Large Sample of 2MASS 
Selected Clusters 
Rhiannon D Griffin (University of Oklahoma), 
Xinyu Dai, Chris S. Kochanek (U. of Oklahoma - Norman, Ohio State U. - Columbus) 
 

Galaxy clusters are predicted to produce gamma-ray emission, through cosmic ray interaction 
and/or dark matter annihilation, potentially detectable by the Fermi Large Area Telescope 
(Fermi-LAT).  As yet, this emission has not been detected by Fermi-LAT using small samples of 
clusters.  Using the 191 richest nearby clusters (z < 0.12) in a catalog based on the Two Micron 
All Sky Survey (2MASS), we stack the accumulated five-year Fermi data of these clusters for 
possible detections of gamma-ray emission, representing the most stringent test of this 
emission to date.  Our initial search yields non-detections of gamma-ray emission from galaxy 
clusters.  We discuss the implication to the cosmic ray physics in galaxy clusters. 
 
P33. γ -RAY/OPTICAL LAGS IN LUMINOUS BLAZARS 
Mateusz Janiak (N. Copernicus Astronomical Center - Warsaw), 
Marek Sikora, Krzysztof Nalewajko, Rafałl Moderski, Greg M. Madejski (Nicolaus Copernicus Astronomical Center - 
Warsaw, University of Colorado, Nicolaus Copernicus Astronomical Center - Warsaw, Kavli Institute for Particle 
Astrophysics and Cosmology - SLAC National Accelerator Laboratory) 
 

Blazars are variable sources that occasionally show spectacular flares visible in various energy 
bands. These flares are very often correlated and in many cases, the peaks of optical flares are 
found to be delayed with respect to the gamma-ray peaks. An example of such a delay was 
found in 3C 279 by Hayashida et al. and interpreted as a result of steeper drop with distance of 
the energy density of external radiation field than of the magnetic energy density. We 
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demonstrate that depending on the energy density profile along the jet, lags can occur with 
both signs and for any ratio of magnetic to external energy densities. We present an influence 
of the ratio of these energy densities, their gradients and the time profile of the relativistic 
electron injection within the moving source on such lags. We show how prominent such lags 
can be, and what are their expected timescales. We suggest that studies of such lags can 
provide a powerful tool to resolve the structure of relativistic jets and their radiative 
environment. We provide an example model of lag in 3C 279 and show that in this particular 
object the flare is most likely produced at a distance of few parsecs from the central black hole 
which is consistent with previous modeling of this source spectra. 
 
P34. An Alternative Concordance with Apparent Acceleration from Causal Backreaction 
Brett Bochner (Hofstra University) 
 

The “causal backreaction” paradigm is presented, in which an apparent cosmic acceleration is 
generated from the causal flow of inhomogeneity information coming in from distant structure-
forming regions. The second-generation formalism detailed here incorporates the effects of 
“recursive nonlinearities” -- the process by which already-established metric perturbations will 
subsequently act to slow down all future flows of inhomogeneity information. Despite such 
moderating effects, we find viable cosmological models in which causal backreaction 
successfully serves as a replacement for Dark Energy, with these effects strengthened by the 
hierarchical nature of clustering and virialization in the universe, occurring on multiple cosmic 
length scales simultaneously. In summary, an alternative cosmic concordance can be achieved 
for a matter-only universe in which the apparent acceleration that has been observed is 
generated entirely by causal backreaction effects. Lastly, considering the long-term fate of the 
universe, while the possibility of an ‘eternal’ acceleration due to causal backreaction seems 
unlikely, this conclusion does not take into account the large-scale breakdown of cosmological 
isotropy in the far future, or the eventual ubiquity of gravitationally-nonlinear perturbations. 
 
P33. Einstein Constraints set and cosmological initial data interpolation 
Mauro Carfora (Università di Pavia) 
 

I shall review the mathematical problems in characterizing an interpolation and a comparison 
between distinct cosmological initial data sets for Einstein equations. 
 
P34. Spectral Distortion in a Radially Inhomogeneous Cosmology 
Nina A Maksimova (Dartmouth College), 
Robert R. Caldwell (Dartmouth College) 
 

The spectral distortion of the cosmic microwave background blackbody spectrum in a radially 
inhomogeneous spacetime, designed to exactly reproduce a Lambda-CDM expansion history 
along the past light cone, is shown to exceed the upper bound established by COBE-FIRAS by a 
factor of approximately 3000. This simple observational test helps uncover a slew of 
pathological features that lie hidden inside the past light cone, including a radially contracting 
phase at decoupling and, if followed to its logical extreme, a naked singularity at the radially 
inhomogeneous Big Bang. 
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P35. Formation of Sub-Hubble PBH in a chaotic preheating model 
Efrain Torres (University of Guanajuato), 
Juan Carlos Hidalgo, Karim Malik, Luis A. Urena (UNAM-Mexico, Queen Mary-London, UG-Mexico) 
 

In this work we review the production of primordial black holes (PBHs) during preheating after 
a chaotic inflationary model. All relevant equations of motion are solved numerically and we 
then calculate the mass variance to determine structure formation during preheating. It is 
found that overproduction of PBHs can be a generic result of the model, and this can be used to 
put observational constraints on the parameters of this model. 
 
P36. A vacuum state for dynamical, spherical spacetimes with conformal symmetry 
Alex Michael Venditti (University of Toronto), 

Charles Dyer (University of Toronto) 
 

We consider the problem of picking a physically motivated vacuum state on a spherically 
symmetric spacetime with an extra conformal Killing vector, as opposed to an extra Killing 
vector as in the Schwarzschild case. Considering a conformal symmetry instead of a symmetry 
allows us to consider spacetimes that are dynamical and not static (like Schwarzschild). The 
extra conformal symmetry allows us to calculate the response of particle detectors. We look at 
the specific example of a self-similar LTB spacetime that represents a spherically symmetric but 
inhomogeneous cosmology. We remark that the above procedure might be applied to a 
spherically symmetric collapse solution that represents black hole formation so that one can 
calculate the detailed spectrum of Hawking radiation during a collapse. 
 
P37. A first cosmological approach using f(χ) = χ3/2 gravity. 
Diego Antonio Carranza (Instituto de Astronomía, UNAM) 
 

In order to avoid the dark matter and dark energy hypothesis, a large number of alternatives 
has been proposed. In particular, Mendoza et al.(2010) have shown that a natural extension of 
Newton's gravity can be constructed avoiding the inclusion of dark matter in many 
astrophysical systems.  Bernal et. al (2011) showed that a metric extension f(χ) = χ3/2 exhibits a 
MOND-like behaviour at its weakest perturbation order.  In this work, we examine how to treat 
a FLRW universe and show that the present accelerated expansion of the universe can be well 
fitted by f(χ) = χ3/2 theory without the inclusion not only of dark matter, but of dark energy as 
well.  We also show that the well known proportionality between Milgrom's acceleration 
constant and Hubble's constant results as a natural consequence of the theory when applied to 
a cosmological scenario. 
 
P39. Ab-initio Pulsar Magnetosphere: Three-dimensional Darticle-in-cell Simulations of 
Axisymmetric Pulsars 
Alexander Philippov (Princeton University), 
Anatoly Spitkovsky (Princeton University) 
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We perform "first-principles" relativistic particle-in-cell simulations of aligned pulsar 
magnetosphere. Allowing free escape of particles from the surface of neutron star and 
continuously feeding the magnetosphere with neutral pair plasma to imitate pair production, 
we observe the transition from charge-separated magnetosphere to solution close to the ideal 
force-free solution. We calculate the magnetosphere structure, current distribution and spin-
down of the neutron star. We also discuss particle acceleration in the equatorial current sheet. 
 
P40. NuSTAR observations of renewed accretion in LMXB-MSP transition system PSR 
J1023+0038 
Shriharsh P. Tendulkar (California Institute of Technology), 
V. M. Kaspi, A. M. Archibald, C. G. Bassa, E. Bellm, S. Bogdanov, D. Chakrabarty, F. A. Harrison, J. W. T. Hessels, G. 
H. Janssen, A. Patruno, J. Tomsick (McGill University, ASTRON - NL, ASTRON - NL, ,SRL - California Institute of 
Technology, Columbia Astrophysics Laboratory, MIT Kavli Institute, SRL - California Institute of Technology, ASTRON 
- NL, ASTRON - NL, Leiden Observatory, SSL - UC Berkeley) 
 

PSR J1023+0038 is one of the two binary systems known to have transitioned between a non-
accreting radio millisecond pulsar (MSP) state and an accreting low-mass X-ray binary (LMXB) 
state. Between June 2013 and October 2013, radio observations failed to detect the radio MSP, 
the system became a factor of 20 brighter in X-rays  and the gamma-ray flux increased by a 
factor of 5 indicating the formation of an accretion disk. We present the analysis of the NuSTAR 
3-79 keV observations of PSR J1023+0038 from June to October 2013. The quiescent X-ray 
spectra (June) are well fit by a powerlaw index of 1.2 while the spectra in October are powerlaw 
with an index of 1.7 upto 79 keV. We observed the X-ray flux increase by a factor of 10 and 
during the 100 ks October observation, we observed flux variations on timescales between 60 s 
to 3 hrs with no change in the hardness ratio in contrast to the `flickering' observed in the 
transition object PSR J1824-2452 where significant hardness ratio changes were seen. We 
interpret these variations as intermittent accretion onto the pulsar. 
 
P41. Linearized regime of Einstein's field equations in the characteristic outgoing formulation 
of general relativity 
Jose C N de Araujo (INPE), 
Carlos E. Cedeño Montaña (INPE) 
 

We present the Einstein's field equations in the characteristic outgoing formulation of general 
relativity in the linearized regime. As a test of validity of the equations we found, from the 
News function, the power emitted in gravitational waves by a binary system of two equal 
masses in eccentric orbit. Also, we show that this result is in agreement with the conventional 
approach. 
 
P42. X-Ray Source 3D Reconstruction Using Compton Imaging with X-Calibur 
Marie K. S. Draper (Washington University in St. Louis), 
Matthias Beilicke (Washington University in St. Louis) 
 

X-rays from astrophysical sources such as black holes, rotating neutron stars, and active galactic 
nuclei reveal important information about underlying astrophysical emission processes.  X-
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Calibur is a polarimeter designed to measure X-ray polarization from such astrophysical sources 
in the 20-80keV energy band.  This assembly of Cadmium-Zinc-Telluride (CZT) detectors will be 
flown on a 1-day balloon flight in the InFocus X-ray telescope in 2014.  Utilizing radioactive 
sources (E>100keV) in the laboratory, we explored and successfully proved the potential of X-
Calibur to be used as a 3D Compton imaging device.  As such a device, X-Calibur takes 
advantage of the process by which photons change the energy of electrons in a Compton 
scattering in a first CZT detector and are subsequently photo-absorbed in a second CZT detector 
of the assembly.  By measuring the energy deposits of two interactions from the same X-ray in 
the CZT detectors of X-Calibur, we can reconstruct the 3D position (of close-by sources) or 
angular position (of far-distant sources) of an X-ray emitting source.  We will present 
reconstructed 3D source positions and estimates of angular resolution and will discuss ways to 
further improve the reconstruction accuracy and potential applications of X-Calibur as a space-
borne all-sky Compton imager. 
 
P43. A Complete Action for a System of Charged Massive Point Particles in General Relativity 
Gonzalo Ares de Parga (Escuela Superior de Física y Matemáticas IPN), 
Adriana Avalos (ESFM IPN) 
 

An action which describes the motion of a system of charged massive point particles including 
the existence of the electromagnetic and gravitational self-forces, Maxwell's Equations and 
Einstein's field equations, is presented. The action possesses the particularity of being a 
functional of the trajectory of the i-particle, the electromagnetic potential and the metric 
tensor, without considering the electromagnetic potential as a function of the trajectory of 
each particle when the variations with respect to the trajectories of the particles are done. That 
is the action is complete. The electromagnetic self-force and the gravitational self-force are 
analyzed for different cases. 
 
P44. Rocketing to Rapidity:  Hyperbolic Geometry as a Launch Pad from Classical to 
Relativistic Mechanics 
Hamilton B Carter (Texas A&M University), 
Elaine Tennant (Blinn College) 
 

We demonstrate that solutions to classical mechanics problems can be immediately translated 
to their special relativistic counterparts using the expression for rapidity as a transform 
between the two spaces. By separating the rapidity expression into its hyperbolic sine and 
cosine terms, the projection of classical velocities into proper velocities with respect to the time 
and space axes of Minkowski space-time can be easily demonstrated. In addition to making 
easy work of relativistic mechanics, the method serves as a useful pedagogical tool, 
demonstrating that relativistic solutions can be seen as a direct consequence of their classical 
progenitors.  The demonstrated transformations make some of the conceptually difficult, but 
physically insightful scenarios of special relativity such as the formation of event horizons, the 
resolution of the twin paradox, and the derivation of hyperbolic motion under uniform 
acceleration more accessible. 
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P45. Unified Theory of Fundamental Particles and Waves on Curved Space-Time 
John L Fry (U. Texas - Arlington), 
Zdzislaw E. Musielak, Trei-wen Chang (U. Texas - Arlington, U. Texas-Arlington) 
 

For functions defined on a manifold with a flat space-time metric possessing symmetries, the 
irreducible representations of the group of these symmetries provide labels to identify 
elementary waves, which may serve as state functions for elementary particles on the manifold. 
On a curved space-time manifold with a given metric this procedure does not work in general, 
so a new concept of the so-called “fundamental objects” being either point particles or scalar 
waves must be introduced.  A unified theory of such fundamental objects is developed and 
used to obtain wave equations and parameters associated with the objects even in the absence 
of other identifying symmetries. It is demonstrated that geodesics of the curved space-time 
manifold provide the tools for identifying fundamental point particles as well as for 
fundamental scalar waves. In this talk, the basic ideas underlying the unified theory and the 
resulting equations and their solutions for various manifolds are presented and discussed.  The 
relationship between the concepts of fundamental objects and elementary particles is also 
discussed. 
 
P46. The perception of time from antiquity re-visited 
Ran Sivron (Baker University) 
 

Recent research in collaboration with a historian into some ancient manuscripts and time 
measuring devices revealed that the ancient concept of time may have been a combination of 
non-uniform `earth bound' and uniform 'heaven bound' devices. This poster describes how 
time may be measured from the perspective of an observer in a truly inhomogeneous and 
highly non-linear universe that appears to be smooth on a larger scale. 
 
P47. On the residual symmetries of the gravitational field 
Gerardo Velázquez-Rodríguez (CINVESTAV), 
Eloy Ayón-Beato 
 

In general relativity is common to use the symmetries of the space-time in order to simplify the 
metric that describes such space-time. Once all the symmetries are used the question that arise 
is the following, are there more symmetries for the ansatz we are studying?. The answer is yes, 
these symmetries are known as residual symmetries and they are changes of coordinates 
followed by redefinitions of the metric functions in such a way that the metric do not change its 
form. To the best of our knowledge  there is no a systematic way to find such symmetries. In 
this work we propose a geometric criterion that both characterizes and provides a systematic 
way to find the residual symmetries of an arbitrary gravitational ansatz. The well-known 
conjugate transformation between the potentials introduced by Chandrasekhar that makes 
possible the derivation of the Kerr black hole from a trivial solution of the Ernst equations was 
deduced as a limiting case of the general residual symmetry of the Papapetrou Ansatz. We also 
studied the AdS waves in n dimensions and we established the uniqueness of the residual 
symmetries already known for this case. Finally we considered the Collinson ansatz and its non-
circular generalization. In the first case we derived the residual symmetries that Collinson has 
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already pointed out. In the second case we found the interesting fact that exploiting residual 
symmetries and fixing gauge freedom are processes that do not commute. 
 
P48. Polymer effective actions using path integrals 
Jose David Vergara (Instituto de Ciencias Nucleares, UNAM), 
Lorena Parra 
 

In this work, within the formalism of polymer quantum mechanics, we show that  using path 
integrals  and the group averaging methods we obtain the Green functions and the effective 
actions for the free particle, the free relativistic particle and the FRW cosmological model.  In 
the case of the free particle we found that  the induced lattice imposed by the polymer implies 
a limit velocity,  bounded by the inverse of the lattice spacing. Furthermore, for  the relativistic 
particle this limit velocity is  inferior to the light velocity  and this result implies a bound on the 
scale of the lattice spacing. For massless  particles the velocity does not change. 
 
P49. Geomagnetic storms prediction from InterMagnetic Observatories data using the 
Multilayer Perceptron neural network 
Aliouane Leila (LABOPHYT, FHC, UMBB, Algeria), 
Sid-Ali Oaudfeul (Algerian Petroleum Institute, IAP, Algeria) 
 

In this paper, a tentative of geomagnetic storms prediction is implanted by analyzing the 
International Real-Time Magnetic Observatory Network data using the Artificial Neural Network 
(ANN). The implanted method is based on the prediction of future geomagnetic field 
components using a Multilayer Perceptron (MLP) neural network model. The input is the time 
and the output is the X, Y and Z magnetic field components. Application to geomagnetic data of 
Mai 2002 shows that the implanted ANN model can greatly help the geomagnetic storms 
prediction. 
 
P50. The Effects of Weak Lensing by Large-Scale Structure on the Magnifications of High-
Redshift Sources by Cluster-Lenses 
Anson D'Aloisio (University of Texas at Austin), 
Priyamvada Natarajan, Paul R. Shapiro (Yale University, U. of Texas at Austin) 
 

Attempts to observe the earliest galaxies have recently pushed the discovery redshift horizon to 
z > 7. While direct detection by the HST has so far been limited to the bright end of the 
luminosity function (LF), in the future the JWST will probe the LF at lower luminosity, closer to 
that of the dwarf-galaxies believed to dominate reionization. In the meantime, gravitational 
lensing surveys with existing facilities, like the ongoing HST Frontier Fields survey, are capable 
of detecting sources that are 10-50 times fainter than any distant galaxy observed to date. In 
order to realize the full promise of this method, however, observers must be able to measure 
accurate intrinsic luminosities of magnified galaxies; a capability that depends on magnification 
maps built from the constraints of strongly-lensed images. Since model builders almost always 
assume the cluster and nearby (correlated) structures to be the only significant sources of 
lensing, a potential source of error in these maps comes from the fact that light rays are also 
subject to weak lensing by uncorrelated LSS along the line-of-sight. The effects of this cosmic 
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weak lensing (CWL) on the magnification maps of cluster-lenses can be quantified statistically in 
terms of the matter power spectrum. Using a simple model for the magnification profiles of 
cluster-lenses at z=0.3-0.5 based on the NFW density profile, we show that fluctuations in the 
magnification of sources at z=6-10 due to CWL are ~10-20(20-30) % for typical absolute 
magnifications ~5(10). However, the fluctuations rise to greater than order unity near critical 
curves, indicating that CWL tends to have its largest impact on the most magnified images. 
Hence, although it is commonly assumed that the effect of CWL is negligible in cluster-lensing 
systems, we conclude that measurements of intrinsic luminosities of highly-magnified galaxies 
must account for it. 
 
P51. Gravitational lensing in WDM cosmologies: The cross section for giant arcs 
Hareth Saad Mahdi (Sydney Institute for Astronomy - University of Sydney), 
Martijn van Beek, Geraint F. Lewis, Chris Power, Madhura Killedar (Radboud U., U. of Western Australia, U. of 
Trieste) 
 

A ray tracing simulation for two samples of simulated clusters from Warm Dark Matter (ΛWDM) 
and Cold Dark Matter (ΛCDM) models has been employed to study the strong lensing efficiency 
of galaxy clusters at producing giant arcs. This study also aims at better understanding the 
discrepancy between the observed abundance of giant arcs and that predicted by ΛCDM, and 
to study the differences of structure formation and evolution between the two models and how 
they affect the lensing cross section and Einstein radius. We found that even the CDM clusters 
are more concentrated and have more substructures than the WDM counterparts, WDM 
clusters produce slightly higher cross sections and Einstein radii. The key difference is that 
WDM clusters are more likely to have large substructures that significantly stretch the critical 
lines and caustics and hence to boost the lensing cross section and Einstein radius. The 
existence of such big subhaloes for WDM clusters can be ascribed to the formation history 
which suggests that WDM haloes form based on the top-down scenario, so large substructures 
have not been fragmented yet. However, the comparison between the distributions of lensing 
cross sections and Einstein radii for the two models has revealed that the difference is not big 
enough to explain the arc statistics problem and hence to consider ΛWDM as an alternative to 
the standard model of cosmology. 
 
P52. Weak Lensing by Intergalactic Mini-Structures in Quadruple Lens Systems: Simulation 
and Detection 
Ryuichi Takahashi (Hirosaki University), 
Kaiki Inoue (Kinki University) 
 

We investigate the weak lensing effects of line-of-sight structures on quadruple images in 
quasar-galaxy strong lens systems based on N-body and ray-tracing simulations that can resolve 
halos with a mass of 105 solar mass. The intervening halos disturb the magnification ratios of 
lensed images as well as their relative positions due to lensing. The magnification ratios 
typically change by O(10%) when the shifts of relative angular positions of lensed images are 
constrained to <0.004 arcsec. The constrained amplitudes of projected density perturbations 
due to line-of-sight structures are O(10^8) solar mass per arcsec^2. These results are consistent 
with our new analytical estimate based on the two-point correlation of density fluctuations. 



27th Texas Symposium on Relativistic Astrophysics – Dallas, TX – Dec. 8-13, 2013 

140 | P a g e  
 

The observed mid-infrared (MIR) flux ratios for 6 quasar-galaxy lens systems with quadruple 
images agree well with the numerically estimated values without taking into account of 
subhalos residing in the lensing galaxies. We find that the constrained mean amplitudes of 
projected density perturbations in the line-of-sight are negative, which suggests that the fluxes 
of lensed images are perturbed mainly by minihalos in underdense regions. We derive a new 
fitting formula for estimating the probability distribution function of magnification 
perturbation. We also find that the mean amplitude of magnification perturbation roughly 
equals the standard deviation regardless of the model parameters. 
 
P53. Analysis of Peculiar Type II-P Supernova SN 2000cb using PHOENIX 
Jeremy A Lusk (University of Oklahoma), 
Eddie Baron (University of Oklahoma) 
 

Supernova 2000cb appears to be a member of a small but growing class of "peculiar" Type II-P 
supernovae that are thought to originate from blue supergiant stars (BSG.) The most famous 
member of this class is the well-studied SN 1987A. In this work, we use the NLTE generalized 
atmosphere code PHOENIX to produce simulated spectra of SN 2000cb at multiple epochs. By 
fitting simulated and observed spectra, we infer properties of the supernova including a 
preliminary distance to the object using the spectral-fitting expanding atmosphere method 
(SEAM.) 
 
P54. GADZOOKS!/EGADS 
Pierce Weatherly (UCI) 
 

Supernova Relic Neutrinos (SRN) are the diffuse neutrino background left over from all of the 
past supernova explosions that have occurred in the Universe. These SRN have yet to be 
discovered, though Super-Kamiokande (SK) gives the best limit on the SRN flux and has the 
highest sensitivity to the signal. The GADZOOKS! experiment is a proposal to upgrade the SK 
detector by doping the water with Gadolinium, thereby enabling the detection of the gamma 
cascade that occurs when a free neutron captures on the Gadolinium nucleus. The capture of 
free neutrons allows for detection of the neutrons produced from inverse beta decays, and, 
once combined with the coincident prompt positron signal, allows for a much improved 
discrimination of backgrounds, thereby enabling the observation SRN in GADZOOKS!.  Before 
Gadolinium is introduced into SK, much R&D has gone into determining the compatibility of 
Gadolinium with SK components and to ensure that the high caliber of physics results is 
maintained in SK. To this end, a demonstration facility known as EGADS has been constructed in 
the Kamioka mine, near SK. EGADS has successfully shown that Gd loaded water in the 200t 
stainless steel tank maintains high enough water transparency for the Cherenkov spectrum for 
good physics results to be maintained and that the special water systems developed to keep 
maximize the recovery of Gd and keep the losses to a minimum during filtration. The EGADS 
tank has, over the past summer, been instrumented with photomultiplier tubes (PMTs) and is 
undergoing commissioning. Introduction of Gd loaded water into the tank will occur soon, and 
EGADS will become a fully functional supernova burst detector and a part of the Multi-
Messenger system for galactic supernova. 
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P55. The Precession of the Orbit due to the Charge in General Relativity 
Adriana Avalos Vargas (Escuela Superior de Física y Matemáticas IPN), 
G. Ares de Parga (Escuela Superior de Física y Matemáticas IPN) 
 

If it is considered that astronomical bodies may have a charge, then it is necessary to 
investigate how their trajectories are going to be affected by such charge. Under this 
assumption, two kinds of systems are studied. The first system is composed of a test neutral 
particle, interacting with a spherically symmetric charged massive body, fixed at the origin. 
Under these assumptions, it could be considered that space-time is represented by the 
Reissner-Nordström metric. The second system is the same, only that the test particle has a 
charge. For the neutral test particle system, it is obtained that the orbit is an ellipse which has a 
precession composed by two terms. The first term is the General Relativity contribution to the 
perihelion precession, while the second term depends on the squared charge of the body. Using 
this new term and the Mercury’s supplementary precession, it is obtained that the Sun may 
have a charge (as an upper limit) between 1.5x1018C and 4.2X1017C. On the other hand, for the 
charged test particle system, it is gathered that the particle will have an elliptical orbit with a 
precession composed by four terms. The first two terms are the same as the neutral case; the 
third term depends on the masses and charges of both bodies, and the fourth term coincides 
with the orbital precession for a charge in a Coulomb field in Special Relativity and only 
depends on the product of both charges. Gathering these new terms in the precession with the 
supplementary Mercury´s orbit precession, it is assumed that Mercury may have a charge 
between 1.51x1011C and 3.89x109 C, both as an upper limit, while the Sun must have the same 
charge, as in the neutral case. 
 
P56. Conformal-Frame (In)dependence of  Cosmological Observations in Scalar-Tensor Theory 
Takeshi Chiba (Nihon University) 
 

We provide the correspondence between the variables in the Jordan frame and the Einstein 
frame in scalar-tensor gravity, and consider the frame-(in)dependence of the cosmological 
observables. 
 
P57. Redshift-space Distortions of Peculiar Velocity Field 
Jun Koda (Swinburne University of Technology), 
Chris Blake, Andrew Johnson 
 

Redshift space distortions on cosmological large-scale structure is an effect of peculiar 
velocities on observed redshifts. It contains valuable information to constrain dark energy and 
theories of gravity on cosmological scales. Although redshift-space distortion is intensively 
studied for matter and galaxy density fields, similar effects on velocity fields have not been 
addressed. We show that redshift-space distortions on the velocity power spectrum damps the 
power stronger than density, and alters the power spectrum at larger scales. Such effects need 
to be theoretically understood to analyze future peculiar velocity survey data without 
systematic error. We present the mechanism of large redshift-space distortions of velocity field. 
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P58. A Curious Mathematical Method for the Calculation of the Luminosity Distance for the 
Flat Cosmological Model Using the Elliptic Integral of the First Kind 
Attila Meszaros (Charles University, Prague, Czech Republic), 
Jakub Ripa (Sungkyunkwan University, Suwon, South Korea) 
 

The dependence of the luminosity distance on the redshift is a key relation in the cosmology. It 
is known that this dependence can be given by standard functions for the zero cosmological 
constant. On the other hand, it is widely meant that for the non-zero cosmological constant, a 
numerical integration is necessary. Here we show that for the case of non-zero cosmological 
constant, if the universe is spatially flat, an analytical integration is still possible. The integration 
ends in an elliptic integral of the first kind. The contribution is based on the article Meszaros 
and Ripa (2013), A&A, 556, A13. 
 
P59. Testing the Proposals of "Gravitational Entropy" 
Roberto Sussman (ICN-UNAM), 
Julien Larena (University of Grahamstown, South Africa) 
 

The definition of a "Gravitational Entropy" in General Relativity, as an independent concept 
from the entropy of the sources (thermal fluids or black holes), is an open question with 
important theoretical ramifications. Currently there are two main proposals for such 
gravitational entropy: one by Clifton, Ellis and Tavakol (CET), based on an "effective" 
construction from the Bell-Robinson tensor, the other by Hosoya and Buchert (HB), based on 
Information Theory. We test and compare both proposals on generic LTB and Szekeres dust 
models with a zero cosmological constant. We find that for both proposals, a positive entropy 
production is closely related to a negative correlation between fluctuations of the density and 
Hubble expansion. This condition, which is necessary and sufficient for the CET proposal but 
only sufficient for the HB proposal, holds for all models (expanding and collapsing) in which the 
growing density mode is dominant, and thus is violated for early times (not for later times nor 
the collapse regime) in models with a nonzero decaying mode. Both proposals reproduce the 
Hawking-Beckenstein Area Law when applied to  Schwarzschild black holes. Qualitative 
arguments suggest that similar results hold for a nonzero cosmological constant and/or dark 
energy type sources. The fact that two very different and unrelated proposals yield similar 
conditions for entropy production suggests that this notion of a gravitational entropy is a 
theoretically robust concept. 
 
P60. Big Bang Nucleosynthesis after Planck 
Elisabeth Vangioni (IAP- CNRS),  
Alain Coc, Jean-Philippe Uzan 
 

Primordial or Big Bang nucleosynthesis (BBN) is one of the three historical strong evidences for 
the Big-Bang model, together with the expansion of the Universe and the Cosmic Microwave 
Background radiation (CMB). Recent results by the Planck mission have slightly changed the 
estimate of the  baryonic density Ωb compared to the previous WMAP value. This article 
updates the BBN predictions for the light elements using the new value of Ωb determined by 
Planck, as well as an improvement of the nuclear network and new spectroscopic observations. 
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The error bars of  the primordial D/H abundance 2.67±0.09 10-5 are narrower, and there is 
slight lowering of the primordial Li/H abundance 4.89+0.41 -0.39 10-10. However, this last value 
is still three times larger than its observed spectroscopic abundance in halo stars of the Galaxy. 
Primordial Helium abundance is Yp = 0.2463±0.0003. 
 
P61. On nucleosynthesis in SN Ia and distinguishing signature between DD and SD explosions 

Soma De  Arizona State University),  

 
We present evidence that the electron fraction of the progenitor white dwarf systematically 
influences the nucleosynthesis of silicon group ejecta in supernova type Ia explosions. In 
particular, we demonstrate that the abundances generated when quasi nuclear statistical 
equilibrium conditions apply are preserved during the subsequent freezeout.  I will describe a 
statistical method which can be used to quantify fractions of SD and DD explosions in a large 
enough population of SN Ia silicon line signatures. 
 
P62. Optical Polarization Variability of TeV-Blazars 1ES 1959+650 and W Comae 

Erika Benitez  (Instituto de Astronomía UNAM, Instituto de Astronomía UNAM) 
Marco Antonio Sorcia, David Hiriart (Instituto de Astronomía UNAM) 

 
In this work we present an analysis of the optical polarimetric variability of two blazars TeV: 1ES 

1959+650 and W Comae (ON 231), from 2007 October to 2013 May. Objects showed maxime 

brightness variations of 1.2 mag and 2.27 mag in R-band, respectively; and maxime polarization 

degrees of 12% and 34%, respectively. The blazar 1ES 1959+650 presented a preferential 

position angle of ~153°, with variations of 10°-50°, which is in agreement with the projected 

position angle of the jet found at 43 GHz. W Comae presented a rotation of the polarization 

angle of ~150° associated with a flare in optical and gamma-ray bands in 2008 June, consistent 

with an emission pattern following a helical path. This result indicates that both optical and 

gamma-ray emission regions could be co-spatial.For both objects, we infer the existence of two 

optically thin synchrotron components that contribute to the polarized flux. Assuming a 

stationary shock in the jet of 1ES 1959+650 and a transversal shock in the jet of W Comae, we 

estimated some parameters associated with the physical of the relativistic jet. From 

polarimetric data, we infer for each source the value for the Doppler factor and the viewing 

angle of the jet as funtions of time. 

P63. An Integrated Theory of Everything 
Antonio Colella (IBM) 
 
An Integrated Theory of Everything (TOE) unifies all known physical phenomena from the 

Planck cube to the Super Universe (multiverse). Each of 129 fundamental matter and force 

particles is represented by its unique Planck cube string. Any Super Universe object can be 

represented by a volume of contiguous Planck cubes. Super force string singularities at the 
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center of Planck cubes existed at the start of all universes. The foundations of an Integrated 

TOE are twenty independent existing theories including; spontaneous symmetry breaking, Higgs 

particles, dark energy, Super Universe, and stellar black holes. The premise of an Integrated 

TOE is without sacrificing their integrities; these twenty independent existing theories are 

replaced by twenty interrelated amplified theories (Table IV).  

Amplifications of Higgs force theory are essential to an Integrated TOE and include: 64 

supersymmetric Higgs particles; Higgs force particles are residual super force particles; matter 

particles and their associated Higgs forces are one and inseparable; super force condensations 

occur for 17 matter particles and their associated Higgs forces at 17 different temperatures 

(temperatures cause spontaneous symmetry breaking); spontaneous symmetry breaking is 

bidirectional; mass is given to a matter particle via its associated Higgs force and gravitons; and 

the sum of 8 permanent Higgs force energies is dark energy.The Super Universe consisted of 

nested parallel precursor and parallel universes. Stellar black hole theory was amplified to 

include a quark star (matter). A quark star (matter) has mass, volume, near zero temperature, 

maximum entropy, and permanence. A black hole (energy) has energy, minimal volume 

(singularity), near infinite temperature, minimum entropy, and transientness. Our precursor 

universe’s super supermassive quark star (matter) evaporated, deflated, and collapsed to a 

super supermassive black hole (energy). This transferred total energy/mass via conservation of 

energy, transformed entropy from maximum to minimum, “resurrected life,” and created our 

universe’s big bang. 

P64. Galaxy Evolution and Supermassive Black Holes: Constraining Sub-Parsec Binary 

Supermassive Black Holes with Spectroscopic Monitoring of Statistical Quasar Samples 

Xin Liu  (UCLA) 

 

A natural outcome of the hierarchical galaxy growths is the formation of massive, sub-pc binary black 

holes (BBHs), whose coalescence is thought to produce the loudest gravitational waves in the universe. 

Yet, no convincing case of sub-pc BBH is known. We report a search for the long-term (> a few years) 

temporal radial velocity shifts of quasar broad emission lines as evidence for sub-pc BBHs, based on 

optical spectroscopic monitoring combined with a cross-correlation approach to measure the 

accelerations to the precision of 10 km/s/yr. In addition to the identification of 9 sub-pc BBH candidates in 

a sample of 50 with single-peaked broad lines that are significantly offset from the systemic redshift, we 

find tentative statistical evidence for the orbital motions of the purported sub-pc BBHs when combining 

the new results with those reported in our previous work. Our results have implications for the 

identification of sub-pc BBH candidates in offset-line quasars and for the constraints on their frequency 

and orbital parameters. 
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