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The Discovery of Pulsars
9:30-10:00University of Oxford

Jocelyn Bell Burnell - Invited

Neutron Star Zoo
10:00-10:30McGill University

Vicky Kaspi - Invited

Since their discovery 50 years ago, neutron stars’ observational properties have continually
astonished. From the first-discovered radio pulsars to the powerful "magnetars" that emit sudden
bursts of X-rays and gamma-rays, from the so-called Isolated Neutron Stars to Central Compact
Objects, observational manifestations of neutron stars are surprisingly varied, with most properties
totally unpredicted. The challenge is to cement an overarching physical theory of neutron stars and
their birth properties that can explain this great diversity. Here I survey the disparate neutron stars
classes, describe their properties, and highlight recent results. I describe the current status of efforts
at physical "grand unification" of this wealth of observational phenomena.

LOFAR Tied Array All-Sky Survey for Pulsars and Fast Transients
10:30-10:45University of Manchester

Chia Min Tan
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LOFAR Tied Array All-Sky Survey (LOTAAS) is an ongoing all northern sky survey for pulsars and
fast transients. It is one of the first large scale pulsar survey conducted at an observing frequency
of less than 200 MHz. The unique set-up of the survey in which 222 beams are simultaneously
generated for each survey pointing through coherent addition of the LOFAR stations represent the
first SKA-like pulsar survey. As of 7 June 2017, the survey has completed 1263 pointings, almost
two-thirds of the total amount of planned survey pointings. The survey has so far discovered 53
new pulsars via Fourier-based periodicity searches and a further 5 via single pulse searches. In this
talk, I will discuss the survey approach and distinctive features. This will include a discussion of an
improved machine learning classifier used to identify the best candidates produced by the pipeline
for further investigation. This is the first such approach for pulsar searches which uses a three-class
classifier to enable the separation of pulsars, noise and radio-frequency interference. I will present
a summary of the search findings so far and a more detailed description of the first binary pulsar
discovered in the blind search which has a spin period of 33 ms and an orbital period of 3 days.

An Update on the GBNCC Pulsar Survey
10:45-11:00 Green Bank Observatory

Ryan Lynch

The Green Bank North Celestial Cap pulsar survey is the most successful low frequency pulsar
survey ever. GBNCC uses the Green Bank Telescope to cover the full visible sky at 350 MHz.
With the survey over 70% complete, we have discovered over 150 pulsars, including 20 MSPs
and 11 RRATs. I will report on the current status of the survey and plans for its completion in the
coming years. I will also report on several discoveries including timing solutions for dozens of
new pulsars, new high precision MSPs and their suitability for inclusion in pulsar timing arrays, a
new relativistic double neutron star system with a possible asymmetric mass ratio, Shaprio delay
detections and new pulsar mass measurements, proper motion measurements for several MSPs, a
new mode changing pulsar, interesting new MSP binaries, nulling fraction analyses, and possible
implications of the lack of any fast radio bursts in the survey so far.

Search for Pulsars and Transients with the GMRT
11:30-11:45 NCRA-TIFR

Bhaswati Bhattacharyya

As it is currently the largest telescope in the metre-wavelength regime, the Giant Metrewave Radio
Telescope (GMRT), a SKA pathfinder telescope, is the prototype for the SKA in many ways, and
provides an excellent test bed for new techniques. I will outline our research on time-domain
studies of pulsars and transients with GMRT. The discovery of 20 pulsars from targeted (Fermi
directed search) and blind surveys (GMRT High Resolution Southern Sky - GHRSS) and results
from the follow up studies will be presented. We discovered seven millisecond pulsars (MSPs) in
the Fermi directed searches, which were the first Galactic MSPs discovered with the GMRT. The
discoveries include J1544+4947 – a MSP in a compact orbit having very low-mass companion
(popularly known as black-widow spider MSP) and J1536−4948 – a MSP having very wide pulse
profile (possibly widest among MSPs). The GHRSS survey is an off-Galactic-plane survey (b> 5
deg) at 322 MHz with complementary target sky (declination range −40 deg to −54 deg) to other
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ongoing low-frequency surveys by GBT and LOFAR. With 50% of the survey completed (i.e. 1500
square degrees), we have discovered 13 pulsars, one of which is a millisecond pulsar and two are
mildly recycled pulsars. This is one of the highest pulsar per square degree discovery rate for
any off-Galactic plane survey. In addition to periodicity searches, the single pulse searches of the
GHRSS survey can reveal sources like Rotating Radio Transients (RRATs) and Fast Radio Bursts
(FRBs). The full survey is expected to detect ∼ 4 fast radio bursts at fluence of 3 Jy-ms assuming a
flat spectra. Even non-detection of FRBs in 50% of the survey yields a 2-sigma upper limit of 2000
events sky−1 day−1 at 322 MHz, which can put a constraining upper-limit on FRB spectral index.
Utilising the imaging capability of the GMRT we also localised four of the GHRSS pulsars in the
gated image plane within 20 arcsec. We demonstrated rapid convergence in pulsar timing with a
more precise position that is possible with single dish discoveries and achieved long-term timing
solutions for these four pulsars. The simultaneous time-domain and imaging study for localising
pulsars and transients and efficient candidate investigation with machine learning are some of the
features of the GHRSS survey, which are also finding application in the SKA design methodology.

Discovery of Twelve Millisecond Pulsars in Fermi LAT Unassociated Sources
With the GBT telescope

11:45-12:00National Astronomical Research Institute of Thailand (NARIT)

Siraprapa Sanpa-arsa

We report the discovery and initial timing solutions of twelve millisecond pulsars (MSPs) from radio
searches in the direction of 198 unassociated Fermi LAT sources, conducted with the Green Bank
Telescope (GBT) at 350 MHz, 820 MHz and 2 GHz. All MSPs (except for the isolated J0533+6759)
are in binary systems with likely degenerate He-core white dwarf (He-WD) companions. All twelve
of the pulsars are shown to have gamma-ray pulsations after folding LAT events using our radio
ephemerides. Combining the gamma-ray and radio data for all Fermi LAT MSPs detected in the
radio band, we find that there is no correlation between gamma-ray and radio flux densities. We also
examine the assumption that the inclination angles (i) of the orbital planes of MSPs with He-WD
companions are distributed randomly. Using the orbital period-companion mass relation together
with Monte Carlo simulations, we find that the distribution of cos(i) of 81 such systems is not flat,
but favors higher cos(i) (i.e. more face-on orbits).

The Einstein@Home Gamma-ray Pulsar Survey
12:00-12:15Max Planck Institute for Gravitational Physics (Albert Einstein Institute)

Colin Clark

Since the launch of the Fermi Gamma-ray Space Telescope in 2008, the onboard Large Area
Telescope (LAT) has detected gamma-ray pulsations from more than 200 pulsars. A large fraction
of these remain undetected in radio observations, and could only be found by directly searching
the LAT data for pulsations. However, the sensitivity of such “blind" searches is limited by the
sparse photon data and vast computational requirements. I will present the latest large-scale
blind-search survey for gamma-ray pulsars, which ran on the distributed volunteer computing
system, Einstein@Home, and discovered 19 new gamma-ray pulsars. I will explain how recent
improvements to search techniques and the LAT data reconstruction have boosted the sensitivity of
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blind searches such as this, and will present highlights from the results of the survey. These include
the discoveries of: two glitching pulsars; the youngest known radio-quiet gamma-ray pulsar; and
two isolated MSPs, one of which is the only known radio-quiet rotationally powered MSP.
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A Fast Folding Algorithm for Large Scale Surveys, and the Discovery
of the Slowest Spinning Radio Pulsar

12:15-12:30University of Manchester

Vincent Morello

The Fast Fourier Transform (FFT) is traditionally considered to be the method of choice when
searching for pulsars in large scale surveys, due to its ability to quickly probe the entire pulsar spin
period range in one pass. However it lacks sensitivity to either long periods or short duty cycles,
which leaves a part of the pulsar parameter space significantly under-explored. The Fast Folding
Algorithm (FFA) is a fully coherent search method for periodic trains of pulses that does not suffer
from any of the biases above. While popular in the early days of pulsar astronomy, it has seen little
use in the past couple of decades, especially in large scale surveys of the sky.

We have developed an end-to-end FFA search code that we have tested on archival data taken
at Parkes, and then deployed on the ongoing surveys SUPERB and LOTAAS. We have already
found 9 new sources that were not detected in either FFT or single pulse searches. We will give a
preliminary report on those, and most importantly present the discovery and latest data on a radio
pulsar with a spin period of 12.1 seconds.

50 Years of Candidate Pulsar Selection - What next?

12:30-12:45University of Manchester

Robert Lyon

For 50 years astronomers have been searching for the presence of pulsar signals in their observational
data. Throughout this time the process of selecting detections worthy of further investigation, so
called ‘candidate selection’, has enabled the research community to make thousands of new pulsar
discoveries. Originally undertaken via the analysis of pen chart records, today candidate selection is
a mostly automated process, thanks to sophisticated software tools. However there is trouble on the
horizon. In recent years technological advances have permitted the proliferation of candidates in
unprecedented numbers. As search pipelines are biased toward returning pulsar-like signals, an ever
increasing proportion of these candidates appear promising. To make matters worse, these often
exhibit strong pulsar-like characteristics. Automated selection methods are struggling to filter out
such tricky spurious detections, leading to many candidates being erroneously selected for analysis.
To overcome this problem, ‘intelligent’ machine learning tools have been employed. These ‘learn’
the difference between spurious and legitimate signals when correctly trained. Whilst such methods
have achieved success, candidate volumes continue to increase, and our methods have to evolve to
keep pace with the change. This talk considers how we can meet this challenge as a community.
We discuss ways we can work together to produce even more sophisticated selection methods, and
how data sharing can lead to future-ready systems. We review the current state-of-the-art, and
draw attention to some key problems which must be overcome to keep our methods as effective as
possible. We also consider what the next 50 years has in store for this particular pulsar challenge.
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Coherent De-dispersion: History and Results

12:45-13:00 New Mexico Tech

Timothy Hankins

The advance of technology in the last 50 years has enhanced the capability of coherent
de-dispersion, now used for most pulsar observing, by at least six orders of magnitude. The high
time resolution afforded by coherent dedispersion has enabled precision timing, detailed studies of
pulsar morphology, and has led to conclusions about the radio emission mechanism. Although
coherent dedispersion is now done mostly in software, in the “earlier days” several novel hardware
devices for real-time processing were developed.

Millisecond Pulsar Surveys at Low Observing Frequencies

14:00-14:15 ASTRON

Cees Bassa

Surveys for radio pulsars at the low observing frequencies are limited in sensitivity for the fastest
spinning pulsars when using traditional incoherent dedispersion methods. We have implemented a
novel coherent dedispersion method and use it in a targeted LOFAR survey for radio millisecond
pulsars towards Fermi gamma-ray sources. In this talk I will present the coherent dedispersion
method and outline the survey that we are performing. The results include the discovery of three
new millisecond pulsars, one of which is the fastest spinning pulsar in the Galactic field. Our
findings confirm the emergent picture that the fastest spinning millisecond pulsars have the steepest
radio spectra.

The first binary pulsars

14:15-14:45 Inter-University Centre for Astronomy & Astrophysics

Dipankar Bhattacharya - Invited

In this talk I will review the wealth of information regarding binary evolution garnered from the
first few binary and millisecond pulsars discovered during the 1970s and 1980s. The concept of
spun-up or “recycled" pulsars was firmly established in this period. Important clues were obtained
regarding the evolution of the magnetic fields of neutron stars in binary systems. Theoretical
expectations of orbital evolution, common envelope phase, supernova-induced systemic changes
could be tested and verified. The effect of pulsar wind on its companion star became evident.
Consequences of interaction of binary systems with other stars in dense stellar environments like
globular clusters also became apparent. A major progress was made in the understanding of the
evolutionary pathways connecting the population of X-ray binaries and radio pulsars.
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X-Ray and Optical properties of Black Widows and redbacks
14:45-15:00New York University Abu Dhabi

Mallory Roberts

Black widows and redbacks are binary systems consisting of a millisecond pulsar in a close binary
with a companion which is having matter driven off of its surface by the pulsar wind. X-rays
due to an intrabinary shock have been observed from many of these systems, as well as orbital
variations in the optical emission from the companion due to heating and tidal distortion. We have
been systematically studying these systems in radio, optical and X-rays. Here we will present an
overview of X-ray and optical studies of these systems, including new XMM-Newton and NuStar
data obtained from several of these systems, along with new optical photometry.

A Decade of Transitional Millisecond Pulsars
15:00-15:15ASTRON, Netherlands institute of radio astronomy

Amruta Jaodand

In the canonical pulsar recycling scenario, a slowly spinning neutron star can be rejuvenated to
rapid spin rates by the transfer of angular momentum and mass from a binary companion star.
Over the last decade, the discovery of three transitional millisecond pulsars (tMSPs) has allowed
us to study recycling in detail. These systems transition between accretion-powered (X-ray) and
rotation-powered (radio) pulsar states within just a few days, raising questions such as: what triggers
the state transition, when does the recycling process truly end, and what will the radio pulsar’s
final spin rate be? Systematic multi-wavelength campaigns over the last decade have provided
critical insights: multi-year-long low-level accretion states showing coherent X-ray pulsations;
extremely stable, bi-modal X-ray light curves; outflows probed by radio continuum emission; a
surprising gamma-ray brightening during accretion, etc. We are now bringing these clues together
to understand the low level accretion process which recycles a pulsar. For example, recently we
timed PSR J1023+0038 in the accretion state and found it to be spinning down somewhat faster
compared to the radio state. We are also conducting simultaneous multi-wavelength campaigns
(XMM, HST and VLA) to understand the global variability of the accretion flow and correlations
between emission components. I will highlight these recent developments while presenting a broad
overview of tMSPs as a class and as laboratories to test low level accretion onto magnetized neutron
stars.
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A Black Widow Up Close
15:15-15:30 University of Toronto

Robert Main

Pulsars scintillate because their radiation is slightly bent by material along the line of sight, causing
multiple images that interfere with each other. Here, we report on extreme scintillation in 90 cm
observations of the original black widow pulsar, PSR B1957+20, near its radio eclipse. We find
that the pulsar flux varies greatly, with some excursions exceeding an order of magnitude over
our 48 MHz band. The higher magnification events are strongly chromatic, with magnifications
reaching over two orders of magnitude in small frequency bands. We interpret this as lensing by
plasma in the pulsar companion outflow, and show that in the high-magnification events, the pulsar
magnetosphere is resolved, allowing one to estimate the physical sizes of and separation between
the emission regions responsbible for the main- and inter-pulse.

Emission Physics
16:00-16:30 NASA Goddard Space Flight Center

Alice Harding - Invited

Over the last fifty years since the discovery of pulsars, our understanding of where and how pulsars
emit the radiation we observe has undergone significant revision. The location and mechanisms of
radiation are intimately tied to the sites of particle acceleration. The evolution of emission models
has paralleled the development of increasingly more sensitive telescopes, especially at high energies.
I will review the history of pulsar emission modeling, from the early days of gaps at the polar caps,
to outer gaps and slot gaps in the outer magnetosphere, to the present era of global magnetosphere
simulations that locate most acceleration and high-energy emission in the current sheets.

Correlated Emission and Spin Variability in Radio Pulsars
16:30-16:45 University of Manchester

Benjamin Shaw

The recent revelation that there are correlated period derivative and pulse shape changes in pulsars
has dramatically changed our understanding of timing noise as well as the relationship between
the radio emission and the properties of the magnetosphere as a whole. Using Gaussian processes
we are able to model timing and emission variability using a regression technique that imposes
no functional form on the data, thereby allowing them to “speak for themselves”. Using this
technique I revisit the pulsars first studied by Lyne et al (2010). I not only confirm the emission and
rotational transitions revealed therein, but reveal further transitions and periodicities in 7 years of
extended monitoring. I also show that in 8 of these objects the pulse profile transitions between two
well-defined shapes, coincident with changes to the period derivative. With a view to the SKA and
other telescopes capable of higher cadence I also study the detection limitations of period derivative
changes.
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Switching States in Pulsar Magnetospheres

16:45-17:00National Astronomical Research Institute of Thailand

Phrudth Jaroenjittichai

Switching emission states in intermittent and moding pulsars are suggested to be related via changes
in the charge current flows above the polar cap, which are responsible for both radio emission and
pulsar’s spin derivative (or ‘spin-down’). Because the charge current flows also depend on the
geometry of the magnetic field lines, the changes in the spin-down is predicted to depend on the
inclination angle, measured between the magnetic and spin axes. Using a pulsar’s beam model,
assuming a dipole geometry, we estimate the inclination angle of four intermittent pulsars, PSRs
B1931+24, J1841+0500, J1832+0029 and J1910+0517, and found the results to be consistent
with the predictions. Despite the suggested connection between the two phenomena, the changes in
the spin-down of moding pulsars can be difficult to measure due to their faster switching timescales.
Here, we present a new approach for estimating the variation in the charge current density of
moding pulsars, which involves determining the plasma perturbation on the polarisation position
angle of each mode. The correlation between the spin-down changes and α can be realised with a
sample of moding pulsars using this method, offering another supporting evidence to this picture.

X-ray Properties of the Mode-switching Pulsar B0943+10

17:00-17:15IASF-Milano, INAF

Sandro Mereghetti

The prototypical mode-switching pulsar B0943+10 has been extensively studied in the radio
band since many years and more recently it has been found to vary also in X-rays. It alternates
between two states: in B (radio-bright) mode, its radio emission displays a regular pattern of
drifting subpulses, while during the Q (radio-quiescent) mode the radio pulses have a chaotic
pattern and the X-ray flux is higher by a factor ∼ 2.4. Previous X-ray observations only partially
constrained its spectrum, especially during the X-ray-fainter B-mode, where pulsations could not
be detected. A new, longer campaign of observations was obtained with XMM-Newton and the
LOFAR, LWA and Arecibo radio telescopes in November 2014. This allowed us to detect X-ray
pulsations also during the B-mode and to better constrain the spectral and variability properties.
We found that in Q-mode the pulsed emission has a thermal blackbody spectrum with temperature
∼ 3.4×106 K and the unpulsed emission is a power-law with photon index ∼ 2.5, while during
B-mode both the pulsed and unpulsed emission can be fit by either a blackbody or a power law
with similar values of temperature and photon index. These results support a scenario in which
both unpulsed non-thermal emission, likely of magnetospheric origin, and pulsed thermal emission
from a small polar cap (∼ 1500 m2) with a strong non-dipolar magnetic field (∼ 1014 G), are
present during both radio modes and vary in intensity in a correlated way. This is broadly consistent
with the predictions of the partially screened gap model and does not necessarily imply global
magnetospheric rearrangements to explain the mode switching.
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PSR B0943+10: a Multi-wavelength Picture of a Mode Switching Pulsar
17:15-17:30 Universiteit van Amsterdam

Anna Bilous

PSR B0943+10 is an old non-recycled pulsar which for decades has been mostly known for its rapid
and spontaneous radio mode switching. A few years ago, Hermsen et al. (2013) and Mereghetti et al.
(2015) discovered correlated changes in the thermal X-rays from the polar cap, thus demonstrating
that the radio modes are not just a product of the local changes in the radio emission region, but a
sign of some (poorly understood) global magnetospheric transformation. At about the same time,
due to the commissioning of the new generation of low-frequency radio arrays, the broadband
observations at the lowest edge of ionospheric transparency window became available. At these
radio frequencies (30 – 200 MHz) the radio profile morphology and the single-pulse properties of
B0943+10’s emission become very dynamic, providing details not only about the emission itself,
but also about the conditions in the polar gap (via subpulse drift properties). Here, I will paint
the most up-to-date multiwavelength portrait of the PSR B0943+10, highlighting new discoveries
and reviewing the contradictions between interpretations of the radio and X-ray data. I will also
speculate about the prospects of the mode switching studies in general and the perspectives of
bringing together the radio data, X-ray data and the modern magnetospheric simulations.
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First Single Pulse Studies
9:30-10:00University of Vermont

Joanna Rankin - Invited

The individual pulses from radio pulsars provide our most intimate observational foundation for
understanding their characteristics and physical processes. Synchronous averages of their polarized
properties provide essential information on their beamforms and establishes that they emit by a
coherent process. The “big three" single-pulse phenomena of subpulse modulation, moding and
nulling as well as microstructure, orthogonal polarizations, and “giant" pulses provide a rich context
for investigating pulsar emissivity. That the primary core radiation is polarized perpendicularly to
the emitting magnetic field B has come as a surprise and points to emission within a dense plasma.
That downflow surface heating can sometimes be observed dynamically provides complementary
physical insight. Aberration/retardation gives a physical measure pulsar emission heights which
in turn facilitates estimating the plasma properties in the emission region. This reveals that the
radiation occurs in regions where the plasma and cyclotron frequencies exceed that of the emitted
radiation, in turn pointing to the curvature-radiation mechanism and charged solitons as the emitting
entities.



14 Tuesday, 05 Sept 2017

Organised Polarisation Variability in Radio Pulsars and the Consequences
for Emission Theory

10:00-10:15 University of Manchester

Cristina Ilie

The aim of this talk is to explore the connection between variability in single pulses intensity and
periodic switching of the position angle (PA) of the linear polarisation and how this relates to the
radio emission mechanism. There are four pulsars reported in the literature for which the PA is
seen to periodically change in tandem with the variability in their pulse shapes. This behaviour is
seemingly incompatible with two well established models of the radio emission mechanism. The
first model aims to explain the periodic modulation observed in the shape of individual pulses of
many pulsars. This also referred to as the carousel model and suggests that the emission beam is
made out of ‘sparks’ of emission circulating around the magnetic pole. The second model, also
referred to as the Rotating Vector Model, explains the change of the PA of the linear polarisation
during a stellar rotation. There is no reason to expect the PA to change from pulse to pulse, as
the dipole field should be reasonably stable on short timescales. The purpose of this study was to
investigate in a systematic way whether is phenomena is common or if only happens in special
cases, using a high-quality sample of pulsar data observed with the Parkes telescope. We show
that the connection between polarisation variability and intensity variability is more common than
previously expected.

Multiwavelength Studies of Crab Pulsar Giant Pulses
10:15-10:30 Green Bank Observatory

Natalia Lewandowska

The Crab pulsar has been detected and extensively studied over large parts of the electromagnetic
spectrum, ranging from radio wavelengths to gamma-rays. Its observed properties at low energies
imply the existence of a coherent emission mechanism behind the observed radio emission.
Emission at higher energies suggests an additional incoherent emission mechanism. In search for a
better understanding of possible emission mechanisms behind the observed multiwavelength
emission from the Crab pulsar, we carried out simultaneous observations of its radio Giant Pulses
and gamma-ray emission with the Effelsberg radio telescope, the Westerbork Synthesis Radio
Telescope and the Major Atmospheric Gamma Imaging Cherenkov telescopes. Using the
simultaneously taken data we have searched for a temporal correlation between radio Giant Pulses
and gamma-photons. The results of the analysis are presented for the first time.
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Mapping the Emission Location of the Crab Pulsar’s Giant Pulses
10:30-10:45University of Toronto

Marten van Kerkwijk

The Crab pulsar has a striking radio profile, dominated by two pulse components (the main
pulse and interpulse) which are comprised of giant pulses. These pulses are randomly occurring,
they extend to extremely high flux densities, and are closely aligned with emission across the
entire electromagnetic spectrum. The Crab, like many pulsars, exhibits scintillation – a pattern in
frequency and time arising from interfering scattered images. This pattern differs with position
at the pulsar, where the physical distance for it to change by order unity corresponds to a spatial
resolution of the scattering surface. In turn, the spatial resolution of the scintillation pattern depends
on where the scattering takes place, increasing as the scattering occurs closer to the pulsar. This
uniquely benefits the Crab pulsar, where the majority of temporal scattering is induced by its
surrounding nebula. The resulting resolution is smaller than the Crab’s light cylinder (a resolution
of ∼ 100 – 1000 km), essentially putting the pulsar under a microscope.

Motivated by this reasoning, the goal of this research is to distinguish between physical locations
for the different components of the Crab pulsar’s emission through its scintillation properties. A
comparison of the scintillation spectra of the main pulse and interpulse can tell whether they share
a physical origin, and set observational constraints on their emission mechanism. To this end, we
have been analysing different datasets of the Crab pulsar, at multiple frequencies and times. In
a time of lowered scattering, we compare the auto-correlation function in time and frequency of
main pulse pairs, and cross-correlation function between main pulse - interpulse pairs. We find a
significant difference in the scintillation spectra of the two components, suggesting a difference in
physical location. Performing the same analysis at different frequencies, or in periods of enhanced
scattering in the nebula, can further constrain this distance as well as the spatial size of the region
where giant pulses originate.
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3D Pulsar Magnetospheres from First Principles: Kinetic Simulations
10:45-11:00 Princeton University

Anatoly Spitkovsky

Pulsar radio and gamma-ray emission, as well as pulsar spin-down, are intrinsically connected to
the presence and properties of plasma in the magnetosphere. Recently, considerable progress has
been made in modeling the filling of pulsar magnetospheres with plasma, including self-consistent
pair production and gamma-ray emission. I will present the results of first 3D “ab-initio" global
simulations of pulsar magnetospheres using kinetic “particle-in-cell" method, which captures the
physics of plasma production and particle acceleration and radiation self-consistently. These
simulations achieve a steady, electrodynamically active magnetosphere and a spindown-carrying
pulsar wind. I will describe how and where plasma is produced in the 3D pulsar magnetosphere and
show that the effects of general relativity are crucial for the activity of pulsars with low inclination
angles. I will present the modeling of high-energy lightcurves, calculated from particle motion in
the magnetosphere, that indicate that Fermi gamma-ray emission is originating from synchrotron
radiation in the equatorial current sheet beyond the light cylinder. I will also show evidence that
the observed radio emission is powered by non-stationary discharges at the polar cap. Finally, I
will argue that giant radio pulses in the Crab are produced by coherent plasma currents, which
appear at the interfaces of merging plasmoids in the current sheet beyond the light cylinder. These
simulations present the next qualitative step in theoretical developments that are needed for direct
comparisons with the wealth of observational data on pulsars accumulated over the last 50 years.

Pulsar Polarization: The View from the Southern Hemisphere
11:30-11:45 CSIRO

Simon Johnston

Pulsars were known to be highly polarized (in both linear and circular polarization) shortly after
their discovery. The pulse profile, including its polarization characteristics, remains a defining
imprint of a given pulsar. Pulsar polarization provides a wealth of information on the geometry,
emission heights and the emission mechanism and polarization calibration is important for high
precision timing. I will review what polarization has told us over the last 50 years, where progress
can be made in the future, and why we still don’t know as much as we would like. I will concentrate
on observations made with the Parkes radio telescope over the past decade.
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Comparing Gamma-ray Loud and Gamma-ray Quiet Radio Pulsars - A
Unification Scheme

11:45-12:00University of Manchester

Patrick Weltevrede

A radio polarization study of young gamma-ray-detected pulsars using a new, more robust, approach
revealed a surprising tendency of the magnetic axis to be relatively aligned with the rotation axis.
This provides tension with gamma-ray models, which disfavor such alignment. Moreover, we find
a lack of correlation between these findings and those derived from the gamma-ray light curves,
suggesting a problem in the interpretation of the radio and/or the gamma-ray data (Rookyard et
al. 2015a). We concluded that the only way to make the data consistent with a scenario in which
neutron stars are not born with a randomly orientation of their magnetic field is to assume that the
emission regions extend outside what is traditionally thought to be the open-field-line region in a
way which is dependent on the magnetic inclination (Rookyard et al. 2015b). Both acceptation and
rejection of this hypothesis leads to important consequences, ranging from supernova physics to
population studies of pulsars (Rookyard et al. 2015b). Finally, we propose a unification scheme to
explain the observational differences between gamma-ray loud and gamma-ray quiet radio pulsar.
This unification scheme takes into account difference in the rate of rotational energy loss and the
orientation of the line of sight and can account for differences in radio widths and their correlation
with the gamma-ray light-curve morphology (Rookyard et al. 2017).

PSR J1906+0746: From Spin-Precession to Emission Physics
12:00-12:15MPI füer Radioastronomie Bonn

Gregory Desvignes

PSR J1906+0746 is a young relativistic binary pulsar in a 4-hr orbit, most likely around another
neutron star. We report here on the observation of relativistic spin precession, an effect known
to occur when the pulsar spin axis is misaligned with respect to the orbital angular momentum
vector. Modeling the polarimetric data recorded with the Arecibo and Nancay radio telescopes,
we determine the geometry of the pulsar and present two additional tests of General Relativity for
this system. As the pulsar precesses, the observer line of sight crossed the magnetic pole for the
first time, allowing us to derive unprecedented 2-D emission beam maps that we can trace back to
the pulsar magnetosphere. These results will help to constrain the poorly-known radio emission
physics.
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Pulsar Observations in the Short Millimetre Regime
12:15-12:30 Institut de Radioastonomie Millimetrique, IRAM

Pablo Torne

Detecting and studying pulsars above a few GHz in the radio band is very challenging due to
the typical faintness of pulsar radio emission, their steep spectra, and the lack of observatories
with sufficient sensitivity or adequate backends operating in this frequency range. However, with
the advent of new or upgraded millimetre facilities like the IRAM 30-m, NOEMA, the LMT and
ALMA, a new era of high-sensitivity millimetre pulsar observations is upcoming. Such observations
covering an under-explored window of the pulsar spectrum of emission allow for tests of certain
emission models, and are a valuable input to improve our comprehension of the pulsar radio
emission mechanism: a process still poorly-understood after 50 years of the discovery of pulsars.
Additionally, high radio frequencies mitigate the deleterious effects of the interstellar medium
allowing us to observe through dense regions. This is of special importance in the Galactic Centre,
where we can use increased frequencies to overcome the strong scattering. The discovery of a
pulsar orbiting the supermassive black hole Sgr A* would enable measurements of the properties
of the black hole itself and tests of General Relativity to an unprecedented precision. I will present
the recent use of short millimetre observations between 3 and 1 mm (∼ 86 – 300 GHz) to study
the radio emission properties of neutron stars, in particular of the Galactic Centre magnetar SGR
J1745−2900 and the pulsar B0355+54. We will also discuss the current ongoing efforts within the
EHT/BlackHoleCam collaboration to find pulsars close to Sgr A* through observations at these
short wavelengths.

Gigahertz-peaked Spectra Pulsars
12:30-12:45 Janusz Gil Institute of Astronomy, University of Zielona Gora

Karolina Rozko

Most of the pulsar radio spectra can be described by a simple power-law function. However, spectra
of some pulsars show a different behaviour, among them are the so-called gigahertz-peaked spectra
(GPS) characterized by a positive spectral index in the frequency range below one gigahertz (Kijak
et al. 2017). Recently the model of the free-free thermal absorption was used in order to explain the
turnover around one gigahertz in pulsars spectra by Lewandowski et al. (2015). Such absorption
may be caused by pulsars environments such as pulsar wind nebulae, dense filaments in supernovae
remnants or cooler H II regions.

So far we know of about twenty five pulsars showing GPS characteristics. In my talk I will show
an overview of this sample, with a special focus on three objects: J1745−2900 – a radio-magnetar
near the Galactic Centre black hole, B1800−21 – Vela-like GPS pulsar with a variable spectrum,
and J1740+1000 – a pulsar that definitely shows high frequency turnover based on our most recent
observations using the Giant Meterwave Radio Telescope and the Green Bank radio telescope.
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The Noisy Ageing of Slow Pulsars: New Thoughts on the Evolution of the
Pulsar Population

12:45-13:00University of Oxford

Aris Karastergiou

Over the last decade or so, it has become clear that pulsars exhibit sudden and significant changes
in their spin properties. At the same time, a better understanding of the geometry of young and
older pulsars, is providing clues about the long-term evolution of the magnetic inclination angle. In
this talk, I will present a simple simulation of the pulsar population that takes into account current
observational facts. I will show how, with a very small number of assumptions, the observed P-Pdot
diagram can be reproduced for a synthesized population. The implications are interesting and
testable.

The First Multi-wavelength Pulsars
14:00-14:30SRON Netherlands Institute for Space Research

Wim Hermsen - Invited

The first and most studied multi-wavelength pulsar is the Crab pulsar, NP 0532 / PSR B0531− 21.
Soon after the detection of the radio pulses by Staelin & Reifenstein (1968), the optical signal was
discovered by Cocke, Disney and Taylor in 1969, directly followed by reports on detections of the
pulsations in the soft and hard X-rays bands by Fritz et al. (1968) and Fishman, Harnden & Haymes
(1969), respectively. Many attempts followed to detect the pulsation at gamma-ray energies flying
instruments on balloons over the period 1970−1973, resulting in apparent or near conflicting upper
limits or weak detections. With the launch of the high-energy gamma-ray satellite missions SAS-2
and COS-B, the Crab light curve was significantly detected by Kniffen et al. (1074)/ Thompson et
al. (1977) (SAS 2) and Bennett et al. (1977) (COS-B), respectively, and the characteristics could be
studied in detail from the radio up to the gamma-ray band . In 1973 about 70 radio pulsars were
known, but in addition to the Crab pulsar, only the Vela pulsar PSR B0833−45 was claimed to
be detected in X-rays by Harnden & Gorenstein (1973). They reported a possible weak (3-sigma)
detection while several other attempts reported conflicting X-ray results. As late as 1993, Ögelman
et al. reported a definite detection in X-rays using the Rosat satellite. The Vela detections in
low-energy gamma-rays (10 – 30 MeV; Albats et al. 1974) and high-energy gamma-rays (above
35 MeV: Thompson et al. 1975; Bennett et al. 1977) preceded the X-ray detection, as well as
the optical discovery (Wallace et al. 1977). Before the definite detection of the Vela pulsar in
X-rays (1993), a few other pulsars were already detected in this band, namely the young pulsars
PSR B0540−69 (a twin of the Crab) and PSR B1509−58, and the old pulsars PSR B0656+14
and Geminga. In this presentation I will give an overview of the early attempts to detect and
characterize these first multi-wavelength pulsars and how observational progress was hampered by
the low-statistics data that could be generated with the then available telescopes/instruments.



20 Tuesday, 05 Sept 2017

The Multi-wavelength View of Pulsars
14:30-15:00 University of Maryland

Elizabeth Ferrara - Invited

The study of pulsar astrophysics began - and is still mostly conducted - in the radio band where the
large majority of rotation-powered pulsars are reliably detected. However, over the past several
decades, observations in other wavebands have provided a wealth of information about the geometry,
emission mechanisms, and environments of these stellar remnants. Over time these studies have
revealed a different view of pulsars, with characteristics as diverse as the systems they inhabit. Here,
I present an overview of the multi-wavelength characteristics of rotation-powered pulsars, describe
the various populations that exist, and discuss what information can be gleaned from understanding
these characteristics. Finally, I will discuss the variety of on-going efforts to use multi-wavelength
information to identify new rotation-powered pulsar candidates.

The Puzzling Source at the Center of the SNR RCW103
15:00-15:15 Anton Pannekoek for Astronomy

Alice Borghese

1E 161348−5055 (1E 1613), the source at the center of the supernova remnant RCW103, has defied
any easy classification since its discovery, owing to its long-term variability (a factor of ∼ 100 in
flux on time-scales from months to years), a periodicity of 6.67 hr with a variable light curve profile
across different flux levels, and the lack of counterparts at other wavelengths. On June 2016, 1E
1613 emitted a magnetar-like millisecond burst of hard X-rays accompanied with a factor ∼ 100
brightening in the persistent soft X-ray emission. The duration and spectral decomposition of the
burst, the discovery of a hard X-ray tail in the spectrum, and the long-term outburst history (from
1999 to 2016 July) suggest that 1E 1613 is an isolated magnetar and the periodicity of 6.67 hr is the
rotational spin period, making 1E 1613 the slowest pulsar ever. During this talk I would review the
known properties of this source, focusing on the last burst and the mechanism required to slow it
down till a such long period.

Magnetar-like Emission in Other Neutron Star Classes
15:15-15:30 Institute of Space Sciences (CSIC-IEEC)

Nanda Rea

I will show the results of long multi-band observational campaigns aimed at studying magnetar-like
outbursts in “non-canonical-magnetar" neutron star classes, such as the Central Compact Object in
the remnant RCW103, the young pulsar PSR 1119−6127 or the so-called low-B field magnetars . I
will then compare these results with the transient emission from canonical magnetars, and showing
magneto-thermal evolution models that might explain the presence of magnetar-like emission in
other neutron star classes.
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Radio Silencing Magnetar Bursts
16:00-16:15University of Toronto

Robert Archibald

PSR J1119−6127 is a young ( 1600 yr), high magnetic field (4×1013 G) radio pulsar. On 27th July
2016, both the Fermi Gamma-ray Burst Monitor and Swift Burst Alert Telescope detected bright
magnetar-like bursts from PSR J1119−6127. Followup X-ray observations with Swift, XMM,
and NuSTAR confirmed that this source had undergone an unprecedented magnetar-like outburst.
Here we report simultaneous observations with XMM, NuSTAR, and the Parkes radio telescope of
magnetar-like bursts from the high-magnetic-field radio pulsar PSR J1119−6127 in which the radio
emission shuts off coincident with the occurrence of X-ray bursts. This observation represents a
key new constraint into the emission mechanisms of pulsars and magnetars.

Hard Tails in High-Field Pulsars and Magnetars
16:15-16:30CSR NWU

Zorawar Wadiasingh

Collaborators: Matthew G. Baring, Peter L. Gonthier & Alice K. Harding

Pulsed non-thermal quiescent X-ray emission extending between 10 keV and around 150 keV
has been seen in about 10 magnetars by RXTE, INTEGRAL, Suzaku and Fermi-GBM. For inner
magnetospheric models of such hard X-ray signals, resonant Compton upscattering of soft thermal
photons from the neutron star surface is the most efficient process for generating the continuum
radiation. This is because the scattering becomes resonant at the cyclotron frequency, and the
effective cross section exceeds the classical Thomson cross section by over two orders of magnitude.
We present angle-dependent hard X-ray upscattering model spectra for uncooled monoenergetic
relativistic electrons injected in inner regions of pulsar and magnetar magnetospheres. These
spectra are integrated over closed field bundles 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 around 1 MeV, except for
quasi-equatorial emission locales for select pulses phases. In such cases, attenuation mechanisms
such as pair creation will be prolific, thereby making it difficult to observe signals extending into
the Fermi-LAT band. Our spectral computations use new state-of-the-art, spin-dependent formalism
for the QED Compton scattering cross section in strong magnetic fields. The emission exhibits
strong polarization above around 30 keV that is anticipated to be dependent on pulse phase, thereby
defining science agendas for future hard X-ray polarimeters.
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Magnetar Giant Flare High-energy Emission
16:30-16:45 Anton Pannekoek Institute for Astronomy

Chris Elenbaas

High energy (> 250 keV) emission has been detected persisting for several tens of seconds after
the initial spike of magnetar giant flares. It has been conjectured that this emission might arise via
inverse Compton scattering in a highly extended corona generated by super-Eddington outflows
high up in the magnetosphere. In this paper we undertake a detailed examination of this model.
We investigate the properties of the required scatterers, and whether the mechanism is consistent
with the degree of pulsed emission observed in the tail of the giant flare. We conclude that the
mechanism is consistent with current data, although the origin of the scattering population remains
an open question. We propose an alternative picture in which the emission is closer to that star
and is dominated by synchrotron radiation. The RHESSI observations of the December 2004
flare modestly favour this latter picture. We assess the prospects for the Fermi Gamma-Ray Space
Telescope to detect and characterise a similar high energy component in a future giant flare. Such a
detection should help to resolve some of the outstanding issues.

The Missing Links of Neutron Star Evolution in the eROSITA Era
16:45-17:00 Leibniz-Institut fuer Astrophysik Potsdam (AIP)

Adriana Mancini Pires

Since the discovery of the first radio pulsar fifty years ago, the population of isolated neutron stars
(INSs) in our Galaxy has grown to over 2600, of which a handful is exclusively seen in X-rays.
Despite their scarcity, the X-ray emitting INSs are key to understanding aspects of neutron star
phenomenology and evolution not observed in normal pulsars. The forthcoming all-sky survey of
eROSITA will unveil the X-ray faint end of the population at unprecedented sensitivity; therefore,
it has the unique potential to constrain evolutionary models and advance our understanding of
the sources that are especially silent in the radio and gamma-ray regimes. In this contribution I
will discuss the expected role of eROSITA, and the challenges it will face, at probing the galactic
neutron star population as a whole.

X-ray Emission from Millisecond Pulsars
17:00-17:15 Columbia University

Slavko Bogdanov

Rotation-powered millisecond pulsars (MSPs) display a surprising variety of X-ray emission, which
can be in the form of non-thermal pulsations, intra-binary shock emission, and/or thermal polar cap
radiation. In this talk, I will provide an overview of the X-ray emission properties of radio MSPs,
with a particular focus on the prospects for constraining the elusive dense matter equation of state
using observations of the thermal radiation from MSPs with the forthcoming Neutron Star Interior
Composition ExploreR (NICER) NASA X-ray timing mission. I will also summarize recent X-ray
studies of the recently recognized population of so-called transitional MSPs.
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Modelling Energy-dependent Pulsar Light Curves
17:15-17:30North-West University, Potchefstroom Campus, South Africa

Christo Venter

Authors: C Venter, M Barnard, & AK Harding

Pulsars emit pulsed emission across the electromagnetic spectrum. In recent years, surprise
discoveries of pulsed emission from the Crab and Vela pulsars above 100 GeV (and up to 1 TeV
in the case of the first pulsar) have drawn renewed attention to this largely unexplored region of
the energy range. We will present results from a full emission code that calculates synchrotron
radiation from electron-positron pairs, synchrotron-self Compton emission using the seed photons
from the previous process, as well as curvature radiation from primary leptons, for a given electric
field distribution and magnetic field structure. This constitutes emission components spanning a
very wide range in energy. Our code next predicts light curves as a function of energy and geometry
(pulsar inclination and observer angle). We will discuss expectations for light curve shapes due
to different components, and with good resolution in the different energy bands. Such modelling
may help to discriminate between different emission mechanisms, as well as constrain the location
where emission is produced within the pulsar magnetosphere and possibly even beyond the light
cylinder.
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From Einstein’s Theory to Gravity’s Chirp
9:30-10:00Princeton University

Joseph Taylor - Invited

The tortuous journey from theoretical suspicions to direct detection of gravitational waves took a
hundred years and followed a crooked course. The field equations of general relativity evidently
have wave-like solutions, but physical reality of these implied waves was doubted by many –
including Einstein himself – for nearly fifty years. The question of physical reality was settled
theoretically by the late 1950s, but for several more decades serious questions remained about what
types of astrophysical systems might generate gravitational waves, and with what energies. The
discovery of binary pulsar PSR B1913+16 led to dedicated development of much more accurate
pulsar timing techniques, and results of these experiments motivated further theoretical work to
clear up the quantitative questions about energy generation. By the late 1980s the generation of
gravitational waves by the Hulse-Taylor binary pulsar was firmly established to be in quantitative
agreement with general relativity. This experimental proof was almost surely a prerequisite for the
funding of LIGO, the Laser Interferometer Gravitational-Wave Observatory, in 1992, which – after
nearly another quarter century – achieved the first direct detection of gravitational waves.
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Gravity tests with pulsars
10:00-10:30 MPI füer Radioastronomie/JBCA

Michael Kramer - Invited

Fifty years of pulsars also means fifty years of using them as tools to probe other phenomena
and physics. One prominent example is the usage of pulsars to test theories of gravity. Probing
the quasi-stationary strong-field regime, pulsars allow high precision tests that will maintain their
importance even in the era of gravitation wave observations with ground-based detectors. This talk
will summarise the status of the field and provides an outlook into the future.

The Discovery of the Most Relativistic Binary Pulsar: an update from
the HTRU-S Low Latitude Survey

10:30-10:45 MPI füer Radioastronomie
Andrew Cameron

The consistent discovery of new pulsars over the past fifty years has produced a strong track record
of new scientific milestones, breakthroughs and applications. In particular, pulsars in relativistic
binary systems have emerged as fantastic natural laboratories for testing theories of gravity. The
most prominent example of such a binary has been the Double Pulsar, PSR J0737−3039A/B,
which has been used to constrain General Relativity to within uncertainties of just 0.05%. The
HTRU-South Low Latitude pulsar survey represents the most sensitive blind pulsar survey taken
of the southern Galactic plane to date, and has resulted in the discovery of 105 additional pulsars
thus far. With long integration times and a novel acceleration search pipeline, the primary aim of
this survey has been the discovery of new relativistic binary pulsars. Here I will present our binary
pulsar searching strategy and report on the discovery highlight of the survey, a new relativistic
binary pulsar. With a short orbital period of 4.4 hours and an eccentricity of 0.606, this probable
double neutron star system represents the most relativistic binary pulsar discovered in our Galaxy
to date, and has potential to exceed the tests set down and by the Double Pulsar and place new
limits on gravitational theories such as General Relativity.

Testing General Relativity With the Pulsar Triple System
10:45-11:00 Universiteit van Amsterdam

Anne Archibald

The millisecond pulsar PSR J0337+1715 is unique in that it is in a hierarchical triple system with
two white dwarf companions. This system offers the possibility to test Einstein’s Equivalence
Principle: does gravitational binding energy fall the same way as (say) proton rest mass? An
intensive precision timing campaign has provided the data set required to carry out this test.
Observed arrival-time uncertainties suggest we should be able to provide a test two orders of
magnitude more sensitive than the best current constraints, but this will only be possible if all
systematics are under control. I will report on the status of this delicate test of a fundamental
principle of physics.
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Strong field tests of gravity with PSRJ 1141−6545
11:30-11:45Swinburne University of Technology

Vivek Venkatraman Krishnan

Pulsars in relativistic binary systems are some of the best laboratories to test strong field gravity.
While pulsars in Double Neutron Star(DNS) systems like B1913+16 and J0737−3039A/B have
already tested the validity of the General theory of Relativity(GR) to very high accuracies, the
gravitational symmetry of DNS systems make them insensitive to test the predictions of alternative
theories of gravity. Modified metric theories of gravity such as scalar - tensor theories predict the
emission of dipolar gravitational waves in strongly gravitating systems which depends on the self
gravity of the individual stars. Hence, testing such predictions is possible only with gravitationally
asymmetric binaries such as pulsars with white dwarf or black hole companions. PSR J1141−6545
is a young pulsar in such a relativistic binary orbit with a white dwarf companion. It has been timed
for over 13 years with the CSIRO Parkes radio telescope and more recently with the UTMOST
telescope. In this presentation, I will report on the analysis of the timing data including the
techniques used for reliable calibration and the arrival time estimation with an evolving standard
template model. I will also discuss what the results from pulsar timing imply for the validity of GR
and scalar-tensor theories.

PSR J1913+1102: A Highly Asymmetric and Relativistic Double Neutron
Star Binary System

11:45-12:00University of East Anglia
Robert Ferdman

PSR J1913+1102 is a double neutron star system (DNS) discovered in the PALFA survey. With
previous observing campaigns, we have determined that with its short orbital period of less than 5
hours, it is the third-most relativistic DNS known. We have also measured very precisely the rate of
advance of periastron for the system, which shows that with a total mass of 2.88 solar masses, this
is the most massive DNS known. We also measure the Einstein delay, which allows a measurement
of the individual masses and shows that this is most asymmetric in mass among compact DNS
binaries. Additionally, we have now measured the orbital period decay to 3-sigma significance.
In this talk, we present updated results from a further year of timing analysis, concerning the
evolutionary history of this system, as well as constraints on gravitational theories.

Gravitational Waves
12:00-12:30Peking University

K J Lee - Invited

In this talk, we will review the history of detecting GW using pulsar timing array techniques. Both
the searching for stochastic background and continuous single sources will be covered. We will also
include the recent progress in data analysis methods, compare and evaluate the statistical power
of major algorithms. Outlooks for future instruments and prospect for GW detection will also be
addressed in the talk.
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Solar System Ephemerides, Pulsar Timing, and Navigation
12:30-12:45 Jet Propulsion Laboratory, California Institute of Technology

Joseph Lazio

A fundamental aspect of precision pulsar timing is determining the arrival time of a pulse at the
barycenter of the solar system. Determining the location of the solar system barycenter relies on
knowledge of the masses and orbits of major bodies within the solar system, which now includes
not only the planets but also thousands of minor planets. These masses and orbits have been
determined by a suite of ground- and spacecraft-based measurements and stretch over decades. The
current precision on the orbits of planets, and therefore of the location of the solar system
barycenter, is approximately 100 m (∼ 300 ns) and is driven primarily by the needs of precision
landing on Mars. However, precision pulsar timing, particularly for the needs of gravitational wave
study, is beginning to demands of 10 m (∼ 30 ns) or better. We review the current status of solar
system ephemerides, including the near-term prospects for their improvement, and the emerging
possibility that precision pulsar timing in the radio could provide a new capability for spacecraft
navigation.

Part of this research was carried out at the Jet Propulsion Laboratory, California Institute of
Technology, under a contract with the National Aeronautics and Space Administration.

Solar-System studies with Pulsar Timing Arrays
12:45-13:00 MPI füer Radioastronomie

Nicolas Caballero

High-precision pulsar timing is central to a wide range of astrophysics and fundamental physics.
When timing an ensemble of millisecond pulsars in different sky positions, known as a Pulsar
Timing Array (PTA), one can search for ultra-low-frequency gravitational waves (GWs) through
the spatial correlations that spacetime deformations by passing GWs are predicted to induce on the
pulses’ times-of-arrival (TOAs). A proper pulsar-timing model, requires the use of a solar-system
ephemeris (SSE) to properly predict the position of the Solar-system barycentre, the (quasi-)inertial
frame where all TOAs are referred to. In this talk, I discuss how while errors in SSEs can introduce
correlations in the TOAs that may interfere with GW searches, one can make use of PTA to study
the Solar system. I will present results from work done within the context of the European Pulsar
Timing Array and the International Pulsar Timing Array collaborations. These include new updates
on the masses of planets from PTA data, first limits on masses of the most massive asteroids,
and comparisons between SSEs from independent groups (JPL, IMCEE). Finally, we show a new
approach in setting limits on solar-system body masses that also directly allows to search for
unknown bodies in the solar-system and mass sensitivity curves from PTA data.
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The SKA

14:00-14:30SKA Organisation

Evan Keane - Invited

The SKA will be sensitive enough to discover all of the pulsars in the Milky Way that are beamed
towards Earth. Already in Phase 1, with approximately 10% of the full deployment, it will make
significant advances in pulsar science. In this talk I will overview the many pulsar science questions
that the SKA will address. The basic observational strategy, dramatically simplified, is to find
’em, time ’em and VLBI ’em. This will enable us to test theories of gravity, do gravitational wave
science in the nHz band, study pulsar emission physics, probe the equation of state of nuclear
matter at high density, target particularly interesting environments such as globular clusters and Sgr
A*, and much more besides.

The Future of Pulsar Research and Facilities

14:30-15:00Swinburne University of Technology

Matthew Bailes - Invited

Over the last 50 years radio pulsars have proven to be a treasure trove for exploring fundamental
physics and stellar evolution. The major pulsar surveys have been the life-blood for the field, as we
have mapped out phase space and revealed more and more astonishing systems with spin periods
and magnetic fields spanning many orders of magnitude, and possessing companions range from
planets to massive main sequence stars. Our ability to measure pulse arrival times has also improved
dramatically, opening doors to new tests of relativistic gravity and the search for gravitational
waves. In this talk I will attempt to predict how the field will evolve over the next 50 years, and how
this is linked to the provision of increasingly larger-scale infrastructure, stable scientific funding
and political structures that we as scientists would prefer to leave to politicians.

Pulsar Searches with the SKA

15:00-15:15University of Manchester

Lina Levin Preston

The full SKA is predicted to be sensitive enough to detect all pulsars in the Galaxy. Already with
SKA1 pulsar searches will discover enough pulsars to increase the currently known population by a
factor of four, no doubt including a range of amazing unknown sources. Real time processing is
needed to keep up with the collected 60 PB of pulsar search data per day, using a signal processing
pipeline required to perform more than 10 POps. I will present the suggested design of the pulsar
search engine for the SKA and discuss challenges and solutions to the pulsar search venture.
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A Low-frequency Pulsar Renaissance
15:15-15:30 ASTRON / University of Amsterdam

Jason Hessels

Though pulsars were originally discovered at 82 MHz, observers soon moved to higher radio
frequencies in order to avoid the high sky background temperatures and the pernicious effects of the
interstellar medium. With the advent of LOFAR and other digital aperture arrays, however, we have
again returned to observing pulsars below 200 MHz. With the much higher data rates and more
precise signal processing that is now available, many of the previous challenges and disadvantages
to high-time-resolution, low-frequency pulsar observing can now be overcome. The low-frequency
window allows us to discover a previously missed sub-population of pulsars, which may be vital
for understanding the underlying emission mechanism, and which can serve as probes of extreme
physics. Pulsar monitoring and timing is also allowing us to see pulsar magnetospheres and the
interstellar medium in a new light. I will highlight some of the main accomplishments from the first
5 years of modern low-frequency pulsar observing, and give a look towards what will be possible
with the SKA.

Enhancing MeerKAT
16:00-16:15 MPIfR

Ewan Barr

In order to ensure that MeerKAT is truly a world-class instrument for pulsars and fast transients,
the MPIfR is working on three large-scale enhancements to the telescope. Out at the dishes we
will deploy state-of-the art S-band receivers with coverage between 1.75 – 3.5 GHz, while in the
Karoo Array Processor building we will deploy both a powerful and flexible GPU beamformer
capable of generating more than 1000 beams and a dedicated pulsar search cluster that will perform
automated quasi-real-time searches for relativistic pulsar binaries in MeerKAT data. In this talk I
will present these instruments in greater detail, looking at the hardware and software approaches
being taken and the expected capabilities when in full operation. Furthermore, as the development
of both the pulsar search cluster and beamformer are still at relatively early stages, this is a good
opportunity for the community to provide feedback on these instruments and thus help to shape
their final implementation.
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Pulsar Science with the Canadian CHIME Telescope
16:15-16:30University of British Columbia

Cherry Ng

The Canadian CHIME telescope (the Canadian Hydrogen Intensity Mapping Experiment) currently
being built in Penticton, Canada BC, is expected to come online in 2017. Originally designed as
a cosmology instrument, it was soon recognized that CHIME has the potential to simultaneously
serve as a great radio telescope for pulsar science. CHIME operates across a wide bandwidth of
400 – 800 MHz and will have a collecting area and sensitivity equivalent to that of the world’s
largest radio telescopes. It will be capable of observing 10 pulsars simultaneously, 24-hrs per day,
every day, while still accomplishing its cosmology mission. We will carry out daily monitoring of
all NANOGrav pulsars employed in Pulsar Timing Array work, and can cycle through all pulsars
in the northern hemisphere within roughly a 10-day cadence. In this talk, I will present the latest
progress of the CHIME pulsar project.

Time-domain Astronomy with the GMRT: uGMRT to eGMRT
16:30-16:45NCRA-TIFR

Jayanta Roy

The upgraded GMRT (uGMRT) with its unprecedented sensitivity and high figure of merit, can
result in the discovery of a large population of pulsars including pulsars of previously unknown type.
This opens up the possibility of new regimes of pulsar studies with wide-band interferometric arrays
like the GMRT. The upcoming phase-2 of the GMRT High Resolution Southern Sky (GHRSS)
survey with the uGMRT will reach 1/4th of sensitivity of the SKA Phase- I, while providing a
nice transition from GHRSS pulsar survey (sensitivity ∼ 10% of SKA Phase- I) to SKA Phase-I
pulsar and fast transient search program. The application of two techniques (e.g. a multi-pixel
beamformer and a gating correlator), exploiting the capability of interferometric array, into the
uGMRT era, will be an unique feature of this survey. This presentation will highlight the salient
features of the survey of pulsars and fast transients with the uGMRT highlighting its discovery
potential. The uGMRT being a SKA pathfinder telescope, is a prototype for the SKA in many ways,
and also provides an excellent test bed for new techniques.

The extended GMRT (eGMRT) equipped with wide field-of-view, unprecedented sensitivity,
multi-beaming capability will have significant impact in time-domain astronomy. The plan of
eGMRT and its design study will be presented in this talk. The proposed increase in the number
of short baselines antennas by a factor of 2 – 3 will enhance the coherent array sensitivity aiming
to reach close to SKA-Phase1. This enhanced sensitivity aided with each element having phased
array feed, will make eGMRT an efficient pulsar timing machine. At least two-folds increase in the
baseline length of the array will provide sub-arcsecond astrometry of newly discovered pulsars and
fast transients. The plan of a time domain survey for pulsars and transients at 550 – 850 MHz with
the eGMRT and its prospect will also be presented. Many fold increase in the number of elements,
increase in the baseline length and addition of phased array feed will make eGMRT an excellent
instrument for the survey of pulsars and transients with a promise of detecting large variety of
pulsars and fast radio bursts, including interesting individual system like pulsar/black-hole binaries,
Galactic centre pulsars orbiting super-massive black-hole, sub-millisecond pulsars.
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FAST
16:45-17:00 National Astronomical Observatories of China

Di Li

The Five-hundred-meter Aperture Spherical radio Telescope (FAST) is under commissioning.
Its collecting area coupled with its unique design promises unprecedented sensitivity and also
presents unprecedented challenges. I will report our commensal radio astronomy FAST survey
(CRAFTS) plan, which aims to utilize the FAST 19-beam L-band array in drift scan mode to carry
out pulsar search, HI galaxies survey, HI imaging, and transient searches (FRB), simultaneously.
CRAFTS will take advantage of the large collecting area while avoid system complications, e.g.
self-generated RFI and real time measurement and control of∼ 1000 points. If successful, CRAFTS
will cover half the sky in about 300 full-day scans and will provide unprecedented capabilities.
The expected data rate is 1.6 GB/s and 10 to 20 PB annually. I will report on our current plan in
terms of calibration and data processing, which all aspire to preserve as much discovery space as
possible for all four science goals. CRAFTS expect to find more than 1000 new pulsars, hundreds
of thousands of galaxies, 10 billion voxels in HI cubes, and a few tens of FRBs.

Searching for X-ray Pulsations from Neutron Stars Using NICER
17:00-17:15 U.S. Naval Research Laboratory

Paul Ray

The Neutron Star Interior Composition Explorer (NICER) presents an exciting new capability for
discovering new modulation properties of X-ray emitting neutron stars, including large area, low
background, extremely precise absolute time stamps, superb low-energy response and flexible
scheduling. The Pulsation Searches and Multiwavelength Coordination working group has designed
a 2.5 Ms observing program to search for pulsations and characterize the modulation properties of
about 30 known or suspected neutron star sources across a number of source categories. A key early
goal will be to search for pulsations from millisecond pulsars that might exhibit thermal pulsations
from the surface suitable for pulse profile modeling to constrain the neutron star equation of state.
In addition, we will search for pulsations from transitional millisecond pulsars, isolated neutron
stars, LMXBs, accretion-powered millisecond pulsars, central compact objects and other sources.
We will present our science plan and initial results from the first months of the NICER mission.
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Optical Pulsars in the Extremely Large Telescope Era
17:15-17:30National University of Ireland, Galway

Andrew Shearer

Despite the early optical detection of the Crab pulsar in 1969, optical pulsars have become poor
cousin of the neutron star family. Only five normal pulsars have been observed to pulse in the optical
waveband. A further three magnetars/SGRs have been detected in the optical/near IR. Optical
pulsars are intrinsically faint with a first order luminosity predicted by Pacini to be proportional
to P-10. Consequently they require both large telescopes, generally over-subscribed, and long
exposure times, generally difficult to get. However optical observations have the benefit that
polarisation and spectral observations are possible compared X-ray and gamma-ray observations
where polarisation measurements are limited. Over the next decade the number of optical pulsars
should increase as optical detectors approach 100% quantum efficiency and as we move into the
era of extremely large telescopes limiting fluxes will be 30 – 100 times fainter. New IR detectors
such as microwave kinetic induction devices (MKIDs) and eAPD arrays will become more main
stream over the next decade with implications for pulsar studies. In the mid-2020s the European
Extremely Large Telescope (EELT) with the first light instrument Micado will have a limiting
K-band magnitude fainter than 28 with a time resolution of 4 ms making it an ideal combination
for pulsar studies. We can reasonably expect that the number of pulsars detectable to increase
from a handful to over fifty. This talk will review the current observational and theoretical studies
of optically emitting pulsars concentrating on the implications of the latest optical polarimetric
observations. It will then look at the future with EELT/Micado and other instrument/detector
simulations.
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The First Glitches
9:30-10:00CSIRO

Richard Manchester - Invited

The first known pulsar glitch was discovered in the Vela pulsar at both Parkes and Goldstone in
March 1969 and published in back-to-back Nature papers about four weeks later. This immediately
led to the starquake model for glitches, but this was rendered untenable (for these large glitches at
least) by the discovery of a second giant glitch in the Vela pulsar three years later. Since then the
number of known glitches has grown enormously, with more than 400 glitches now known in more
than 140 pulsars. These range in size from a few parts to more than 30,000 parts in 109 of the pulse
frequency. Various types of post-glitch recovery in the pulse frequency are observed, including
exponential decays and long-term offsets. These behaviours have guided models for the glitch
phenomenon, most of which are based on the complex interactions of a superfluid component in
the neutron-star interior. These models and their implications for the physics of neutron stars will
be described.
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Glitches/NS Masses and EOS
10:00-10:30 Nicolaus Copernicus Astronomical Center

Bryn Haskell - Invited

Pulsar glitches offer a unique opportunity to study a large scale, astrophysical manifestation of the
properties of matter on the quantum scale. Although we still lack a full theoretical understanding
of glitches, significant progress has been made in recent years in modelling superfluid neutron
stars, both in terms of large scale hydrodynamics and small scale superfluid vortex motion. I will
review our current theoretical understanding, with particular focus on vortex pinning, and on vortex
avalanches as a trigger mechanism. Finally I will discuss how future glitch observations can not
only potentially differentiate between models, but also be used to constrain pulsar masses and the
equation of state of dense matter.

Thermonuclear Burst Oscillations and the Dense Matter
Equation of State

10:30-10:45 University of Amsterdam

Anna Watts

Neutron stars offer a unique environment in which to develop and test theories of the strong force.
Densities in neutron star cores can reach up to ten times the density of a normal atomic nucleus, and
the stabilising effect of gravitational confinement permits long-timescale weak interactions. This
generates matter that is neutron-rich, and opens up the possibility of stable states of strange matter,
something that can only exist in neutron stars. Strong force physics is encoded in the Equation of
State (EOS), the pressure-density relation, which links to macroscopic observables such as mass M
and radius R via the stellar structure equations. By measuring and inverting the M-R relation we
can recover the EOS and diagnose the underlying dense matter physics.

One very promising technique for simultaneous measurement of M and R exploits hotspots
(burst oscillations) that form on the neutron star surface when material accreted from a companion
star undergoes a thermonuclear explosion (a Type-I X-ray burst). As the star rotates, the hotspot
gives rise to a pulsation. Relativistic effects then encode information about M and R into the
pulse profile. However the mechanism that generates burst oscillations remains unknown, 20 years
after their discovery. Ignition conditions, flame spread, and the magnetohydrodynamics of the
star’s ocean all play a role. I will review the progress that we are making towards cracking this
long-standing problem, and establishing burst oscillations as a tool par excellence for measuring M
and R. This is a major goal for future large area X-ray telescopes such as eXTP and STROBE-X.
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Dynamical Onset of Superconductivity and Retention of Magnetic Fields
in Cooling Neutron Stars

10:45-11:00University of Southampton

Wynn Ho

A superconductor of paired protons is thought to form in the core of neutron stars soon after their
birth. An important question that persists since the discovery of neutron stars fifty years ago is
whether or not magnetic flux is expelled from the superconducting region due to the Meissner
effect, such that the neutron star core retains or is largely devoid of magnetic fields. While steady
state conditions predict the latter for some nuclear equation of state and proton pairing models,
we show via neutron star cooling simulations that the superconducting region expands faster than
flux can be expelled because cooling timescales are much shorter than timescales of magnetic field
diffusion. Thus magnetic fields remain in the bulk of the NS core for ages of at least 108−109 yr.
For proton pairing models that are narrow, magnetic flux might be completely expelled from a thin
shell after 106 yr.

Glitch Activity of Radio Pulsars and Magnetars
11:30-11:45Instituto de Astrofísica Pontificia Universidad Católica de Chile

Rafael Fuentes

We present a statistical study of pulsar glitches and the behaviour of the glitch activity across
the known pulsar population. A unbiased glitch database was put together based on published
systematic searches of radio timing data of 903 pulsars, obtained with the Jodrell Bank and Parkes
observatories. Similar searches for magnetar glitches were also included. The database contains 384
glitches found in the rotation of 141 of the pulsars. We confirm that the pulsar glitch size distribution
is at least bimodal, with the large glitches sharply peaked around 20 µ Hz, and a broader distribution
of small glitches. We also explored how the glitch activity ν̇g, defined as the mean frequency
increment per unit of time due to glitches, correlates with the spin frequency ν , spin-down rate |ν̇ |,
and various combinations of these, such as energy loss rate, magnetic field, and spin-down age.
We found that a constant ratio ν̇g/|ν̇ | ≈ 10−2 is consistent with the behaviour of nearly all radio
pulsars (except a couple with the highest |ν̇ |, including the Crab) as well as the magnetars. This
relation is dominated by large glitches, but small ones taken separately follow a similar one. For
low |ν̇ |, the activity appears to be lower than predicted from this relation, but this can be attributed
to insufficient observing time, which did not allow for the detection of any large glitches. On the
other hand, pulsars with high |ν̇ |, such as the Crab, exhibit a smaller glitch activity, intrinsically
different from each other and from the rest of the population.



38 Thursday, 07 Sept 2017

Braking Indices and Spin Evolution
11:45-12:00 Departamento de Fisica, Universidad de Santiago, Chile.

Cristobal Espinoza

Pulsars slow down due to mechanisms such as magnetic braking or particle acceleration. Which
of these is dominant or what other processes could efficiently disturb the evolution determined
by these torques is unclear. The braking index is a simple way to characterise the spin evolution
of pulsars and try to infer the physics of the slow down. However, very few measurements are
available and their interpretation has been elusive. The main reason for the former is that the
detection of the signal, introduced in the rotation by any of these torques, is possible only in the
most rapidly evolving pulsars. Moreover, in these cases timing noise and recoveries from large
glitches can dominate the spin evolution, on time scales that can go from months to decades.

Recently, we have published 6 new braking index measurements, for pulsars that glitch regularly.
To add to the confusing interpretation of the already known measurements, we show that glitching
pulsars evolve with low long-term braking indices and very high short-term, inter-glitch braking
indices. I will review the consequences of having low braking indices, such as the increase of
the characteristic ages, and the implications for the motion of pulsars across the P-Pdot diagram.
Finally, I will discuss the possibility that the spin evolution of glitching pulsars could be severely
affected by short term coupling and long-term decoupling of their internal neutron superfluid.

The Peculiar Rotational History of PSR J0537-6910
12:00-12:15 Nicolaus Copernicus Astronomical Centre of the Polish Academy of Sciences

Danai Antonopoulou

The X-ray pulsar J0537-6910 is remarkable in many ways. Its rotational energy loss rate is the
highest known, and with a spin frequency of about 62 Hz it is the fastest non-recycled rotationally-
powered pulsar observed. Its spin-down is interrupted by large spin-up ‘glitches’ at a very high
rate of 3.5 times per year. The frequent glitches and their subsequent recovery, both thought
to be driven by the superfluid neutron star’s interior, completely dominate the timing residuals.
We present the results of our analysis of the entire RXTE observations for this source, which
revealed 45 glitches in total, allowing us to perform a comprehensive study of their properties and
comparison to glitch models. Another unique property of this pulsar is the long-term increase of its
spin-down rate, resulting in an apparent negative braking index. We quantify this effect, discussing
theoretical interpretations for it, and considering its possible implications for the pulsar’s magnetic
field evolution.
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Neutron Star Equation of State and Uncertainty on the Radius
Determination

12:15-12:30Nicolaus Copernicus Astronomical Centre of the Polish Academy of Sciences

Morgane Fortin

Contrary to the core of neutron stars (NS), the crust is non-uniform and composed of nuclear
clusters. Consequently, calculating the crust equation of state (EOS) is much less straightforward
than for the core, which explains the smaller number of crust EOS available compared to those for
the core. Thus non-unified EOS, i.e. based on different nuclear models for the crust and core, are
often used. However, as shown in Fortin et al. Phys. Rev. C (2016), for masses M ≥ 1 M� the use
of non-unified EOS can introduce an uncertainty on the radius determination on the order of 5%,
which is as large as the precision expected from the next generation of X-ray telescopes: NICER,
Athena, and potential LOFT-like missions.

I will present two solutions to this problem. On the one hand, 50 unified EOS (for a purely
nucleonic core or a hyperonic one) have been calculated and made are available to the NS community
in Fortin et al. Phys. Rev. C 94 (2016). On the other hand, in Zdunik, Fortin et al. A&A (2017) we
developed an approximate approach to the NS crust, whether it is catalyzed or accreted. Then, for
a given core EOS, the NS radius can be determined independent of the crust model with an error
smaller than 0.1%.

A Window into the Neutron Star: Modelling the Cooling of Accretion
Heated Neutron Star Crusts

12:30-12:45University of Southampton/University of Amsterdam

Marcella Wijngaarden

In accreting neutron star X-ray transients, the neutron star crust can be substantially heated out
of equilibrium with the core during an accretion outburst. The observed subsequent cooling in
quiescence (when accretion has halted) offers a unique opportunity to study the structure and
thermal properties of the crust. Initially crust cooling modelling studies focussed on transient X-ray
binaries with prolonged accretion outbursts (> 1 year) such that the crust would be significantly
heated for the cooling to be detectable. Here we present for the first time the results of applying a
theoretical model to the observed cooling curve after a short accretion outburst of only ∼ 10 weeks.
In our study we use the 2010 outburst of the 11 Hz X-ray pulsar IGR J17480−2446 in the globular
cluster Terzan 5. Observationally it was found that the crust in this source was still hot more than
4 years after the end of the short accretion outburst. From our modelling we found that such a
long-lived hot crust implies some unusual crustal properties such as a very low thermal conductivity
(> 10 times lower than determined for the other crust cooling sources). In addition, we present our
preliminary results of the modelling of the ongoing cooling of the neutron star in MXB 1659−298.
This transient X-ray source went back into quiescence in March 2017 after an accretion phase of
∼ 1.5 year. We compare our results obtained for this cooling curve with those obtained using the
first cooling curve of the same source obtained after its previous outburst which ended in 2001.
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Magnetospheric Switching in PSR B1828−11
12:45-13:00 University of British Columbia

Ingrid Stairs

The young pulsar B1828−11 has long been known to show correlated shape and spin-down
changes with timescales of roughly 500 and 250 days; the most recent interpretation of these
effects is that, like several other pulsars of similar age, it is undergoing large-scale magnetospheric
switching. Multi-hour observations with Parkes and the Green Bank Telescope at multiple phases
across the spin-variation period show that the pulsar in fact undergoes mode-changing between
the two extreme profile states. The fraction of time spent in each profile state naturally accounts
for the observed overall “shape parameter"; this and the variable rate of the mode-changing are
directly related to the spin-down changes. These results are discussed within the precession and
magnetospheric-switching frameworks.

From GWs to black widows and PWNe
14:00-14:30 Stanford University

Roger Romani - Invited

Recent work emphasizes that pulsar radio emission, while incredibly useful, is an energetic
sideshow. I describe some new developments probing pulsar output: the gamma-ray beams which
dominate the photon flux and the e+/e−/B winds that dominate the spindown. New evidence comes
from the Fermi sky survey and studies of X-ray pulsar wind nebulae and Balmer-dominated bow
shocks. All three of these phenomena meet in the new black widow population which further
places a companion in the pulsar line of fire. Looking ahead, with multiwavelength studies of these
phenomena, including X-ray polarization, we can hope to understand the bulk emission of the
pulsar machine.

Multimessenger (PWN/SNR/etc..)
14:30-15:00 Max-Planck Institut für Kernphysik Heidleberg

Roberta Zanin - Invited

The explosion of a supernova releases almost instantaneously about 1051 ergs of energy, and results
in an expanding blast wave, that constitutes the supernova remnant. Sometimes the explosion
can generate a pulsar, most of whose rotational energy is carried away by an energetic wind of
particles and magnetic fields expanding into its surroundings and eventually forming extended
nebulae, i.e. the pulsar wind nebulae. The experimental advances reached in the last decades,
from radio frequencies up to the highest gamma-ray energies, with instruments like VLA, VLBA,
Chandra, Fermi-LAT and H.E.S.S. among the others, led to the discovery of hundreds of this kind
of sources allowing for population studies. In addition, this variety of high-precision spectral
and morphological measurement provided an unprecedented opportunity to test and push forward
the state-of-the-art theoretical models. In this contribution, we will review the latest, and most
significant experimental results and their impact on the current understanding of the particle
acceleration and radiation mechanisms at work.
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Timing Three Dozen Pulsars in Terzan 5 Over a Dozen Years
15:00-15:15NRAO

Scott Ransom

The massive and rich globular cluster Terzan 5 contains at least 37 known millisecond pulsars
– the most of any known globular cluster. We have been timing these pulsars since 2004, and
the individual and combined properties have provided a wealth of science. We have measured
long-term accelerations and “jerks" of almost all of the pulsars, allowing a unique probe of the
physical parameters of the cluster. We have also directly measured the proper motion of cluster,
numerous post-Keplerian orbital parameters from individual systems, the polarization properties of
most of the pulsars, and many interesting properties of several eclipsing systems.

Evidence for an Intermediate-mass Black Hole in NGC 6624
15:15-15:30University of Manchester

Benetge Perera

PSR B1820−30A is located in the globular cluster NGC 6624 and is the closest known pulsar to the
centre of any globular cluster. I will present more than 25 yr of high-precision timing observations
of this millisecond pulsar and obtain four rotational frequency time derivative measurements.
Modelling these higher order derivatives as being due to orbital motion, we find solutions that
indicate the pulsar is in either a low-eccentricity (0.33 < e < 0.4) smaller orbit with a low-mass
companion or a high-eccentricity (e > 0.9) larger orbit with a massive companion. The cluster
mass properties and the observed properties of 4U 1820−30 in the cluster argue against the low-
eccentricity possibility. The high-eccentricity solution reveals that the pulsar is most likely orbiting
around an intermediate-mass black hole (IMBH) of mass > 7500 M� located at the cluster centre.
A gravitational model for the globular cluster predicts that the model-dependent minimum mass of
the IMBH is ∼ 20000 M�. Our results suggest that other globular clusters may also contain central
BHs and they may be revealed by the study of new pulsars found sufficiently close to their centres.
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The Pulsars in the Globular Clusters 47 Tucanae and M15: Latest Results
from Long-term Timing

16:00-16:15 Max-Planck-Institut fuer Radioastronomie

Alessandro Ridolfi

Globular clusters (GCs) represent extraordinary targets for pulsar science. Their extremely high
densities, especially near their cores, greatly foster the dynamical interaction of stars and, thus, the
formation of exotic binary systems. 47 Tucanae (47 Tuc) and M15 are two among the richest GCs
for the number of pulsars hosted, having 25 and 8 known such objects, respectively. In this talk, I
will present our recent results from the analysis of multi-decade observing campaigns of these two
clusters. In the first part of the talk, I will report on the long-term timing of all the 47 Tuc pulsars,
obtained with the addition of 10 years of new data, and discuss the implications for the study of the
cluster dynamics. The greatly improved measurements of the proper motions allowed us to infer
the proper motion of the cluster as a whole and the motion of the pulsars relative to each other.
The detection of higher-order spin period derivatives, instead, allowed us to constrain the cluster
distance as well as the hypothesis of an intermediate-mass black hole residing at the centre of 47
Tuc. In the second part of the talk, I will focus on PSR B2127+11C, a relativistic binary pulsar
in a double neutron star system, located in M15. Our long-term monitoring campaign shows that
the pulsar is undergoing dramatic changes in its pulse profile properties. This can be ascribed to
relativistic spin precession (RSP), an effect predicted by General Relativity, by which the pulsar
spin axis is precessing about the total angular momentum of the binary, with a period of about
275 years. Thanks to full-Stokes observations carried out over the last three years, we studied the
variations of the polarimetric properties of PSR B2127+11C over time to model RSP and constrain
the system geometry. We found that the pulsar’s visible beam is swiftly moving away from our
line of sight and might very soon become undetectable. On the other hand, the secondary beam is
approaching and may become visible as “soon" as in the early 2040’s.

Magnetar Nebulae can be Rotationally-powered

16:15-16:30 ICREA & Institute of Space Sciences (IEEC-CSIC)

Diego Torres

A wind nebula generating extended X-ray emission was recently detected surrounding Swift
1834.9−0846. This is the first magnetar for which such a (pulsar) wind nebula (PWN) was
found. In this talk, I will demonstrate that Swift 1834.9−0846’s nebula can be explained as being
rotationally-powered, as all other known PWNe are, if it is currently being compressed by the
environment. I will do this by using a detailed radiative and dynamical code that studies the
evolution of the nebula and its particle population in time. This allows uncovering significant
effects related to the reverberation processes in nebulae of pulsars with low spin-down power. The
most important of such effects is the appearance of adiabatic heating being increasingly dominant
over the escape of particles as reverberation goes by. I will show that such heating increases the
relevant particle population significantly, and dismisses the need of any other source of power. The
need of reverberation naturally explains why this is the only magnetar nebula detected up to now,
and provides estimates for Swift 1834.9−0846’s age.
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On the Radio-emitting Particles of the Crab Nebula: Stochastic
Acceleration Model

16:30-16:45Konan University

Shuta Tanaka

The broadband emission of pulsar wind nebulae (PWNe) is well described by non-thermal emissions
from accelerated electrons and positrons. However, the standard shock acceleration model of PWNe
does not account for the hard spectrum in radio wavelengths. The origin of the radio-emitting
particles is also important to determine the pair production efficiency in the pulsar magnetosphere.
Here, we propose a possible resolution for the particle energy distribution in PWNe; the radio-
emitting particles are not accelerated at the pulsar wind termination shock but are stochastically
accelerated by turbulence inside PWNe. We upgrade our past one-zone spectral evolution model
to include the energy diffusion, i.e., the stochastic acceleration, and apply the model to the Crab
Nebula. A fairly simple form of the energy diffusion coefficient is assumed for this demonstrative
study. For a particle injection to the stochastic acceleration process, we consider the continuous
injection from the supernova ejecta or the impulsive injection associated with supernova explosion.
The observed broadband spectrum and the decay of the radio flux are reproduced by tuning the
amount of the particle injected to the stochastic acceleration process. The acceleration timescale
and the duration of the acceleration are required to be a few decades and a few hundred years,
respectively. Our results imply that some unveiled mechanisms, such as back reaction to the
turbulence, are required to make the energies of stochastically and shock-accelerated particles
comparable.

Absorption-like Features in Middle-aged Pulsars

16:45-17:00National Centre for Radio Astrophysics

Prakash Arumugasamy

X-ray emission in pulsars originates from the hot stellar surface via thermal and from the
magnetosphere via non-thermal processes. The spectra observed from pulsars spanning a wide
range of characteristic ages are hence well-fit with a single or a combination of blackbody and/or
power-law models. Middle-aged pulsars ( 100 – 1000 kyr characteristic ages ) are ideal for
studying the phase-resolved variations of these emission components simultaneously, and some of
them are bright enough to provide high signal-to-noise data in reasonable integration times. I will
focus on two such objects where, in addition to the conventional continuum emission components,
we detected broad absorption-like features between 0.4 – 1 keV. The simplest interpretation of
these features is the electron-cyclotron line absorption at various regions of the magnetosphere,
giving us direct measurements of the local magnetic fields. I will also discuss other possible origins
of absorption lines in pulsar atmosphere and magnetospheres as well as the thermal or magnetic
processes that mimic such features. Finally, I will motivate the work needed to devise realistic
models to explain these features.
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A Magnetar at the Heart of the Milky Way
17:00-17:15 MPI füer Radioastronomie

Ralph Eatough

Pulsars closely orbiting Sgr A*, the Super Massive Black Hole candidate at the centre of the
Milky Way, have been sought-after for a number of decades because they could facilitate some
of the most extreme tests of General Relativity possible. In 2013, X-ray flaring in the Galactic
Centre revealed a radio-loud magnetar as close as 0.1 pc to Sgr A*. Early measurements of this
pulsar demonstrated that pulse broadening due to radio wave scattering is orders of magnitude less
than expected; putting into question the underlying reason for the lack of pulsars detected in the
Galactic Centre up until now. This pulsar has also enabled a plenitude of other measurements of
the environment surrounding the black hole, thus far not possible by other means. As well as the
context of this pulsar discovery and the remarkable findings it has enabled, I will give an update on
new results from monitoring observations over the last four years.

The Galactic Center Magnetar: Broadband Single Pulses
from J1745−2900

17:15-17:30 Cornell University

Shami Chatterjee

Phased VLA observations of the Galactic center magnetar J1745−2900 over 8−12 GHz reveal
rich single pulse behavior. The average profile is comprised of several distinct components and is
fairly stable over ∼ day timescales and ∼ GHz frequencies. The average profile width is dominated
by the jitter of relatively narrow pulses. The pulses in each profile component are completely
uncorrelated in phase and amplitude, although the occurrence of pulse components 1 and 2 appear
to be correlated. Using a collection of the brightest individual pulses, we verify that the index of
the dispersion law is consistent with the expected cold plasma value of −2. The scattering time
is weakly constrained, but consistent with previous measurements, while the dispersion measure
DM = 1763+3-10 pc cm−3 is lower than previous measurements, indicating either a bias in lower
frequency measurements or time variability in the line-of-sight column density.



5. Friday, 08 Sept 2017

Magnetoionic Properties of the ISM
9:30-9:45Cornell University

James Cordes - Invited

Propagation effects have been central to pulsar research and indeed were an integral part of the
pulsar discovery and its prologue. I will summarize the early deduction process for establishing
pulsar distances and refinements to the distance scale and modeling of the Galaxy in electron density
and magnetic field. This will lead to the analogous current situation of understanding distances and
media for extragalactic radio bursts. The role of magnetoionic media in precision pulsar timing
and surveys for transients will be summarized. Finally, going full circle, searches for LGMs also
require attention to propagation effects, as will be described.

Scattering Variability of the Crab Pulsar
10:00-10:15University of Manchester

Laura Driessen

The Crab pulsar is a well-known, bright pulsar with interesting features such as giant pulses, glitches
and anomalous scattering. We observed the Crab at 350 MHz over two years with the Westerbork
Synthesis Radio Telescope to investigate a period of anomalous scattering that occurred from late
2012 to early 2013. During this period an extra feature on the Crab pulse profile, called an echo,
was observed. Echoes have only been observed on three previous occasions and have only been
observed in Crab pulse profiles. The echo varies on short timescales and is thought to be caused by
scattering close to the pulsar. I will discuss modelling the Crab pulse profile and our investigation
of the echo. I will also discuss some new, unexplained features of the profile and the variability of
the pulse profile over time.
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Anomalous pulsar scattering at LOFAR frequencies
10:15-10:30 University of Oxford

Marisa Geyer

Scatter broadened pulsar signals carry information of their paths travelled through the ionized
interstellar medium (ISM). These imprints are best studied at low frequencies where they are
exaggerated. The LOFAR HBA band provides ideal datasets for such studies: offering broad bands
at low frequencies. We introduce an improved forward fitting technique to analyse highly scatter
broadened profiles. We study the scattering imprints of 13 pulsars with simple profile shapes, and
find anomalously low scattering spectral indices (alpha values). Such low indices are likely due
to either anisotropic scattering mechanisms or finite scattering screens. We discuss whether our
data contains evidence for these. We revisit the empirical scattering time (tau) vs DM relation
introduced by Bhat et al. 2004, showing how our results support a frequency dependence of alpha.
Lastly we discuss ways of improving detailed ISM analysis at low frequencies.

Solar Wind Monitoring with the German LOFAR Stations
10:30-10:45 MPIfR/Bielefeld University

Caterina Tiburzi

We use the six international LOFAR stations in Germany as standalone telescopes to observe
more than 100 pulsars every week. These stations are a major interest for the German LOng
Wavelength (GLOW) consortium. To date, we have collected almost 4 years of high quality
data at this unprecedented cadence. This allows us to perform a wide variety of studies aimed at
characterising the ionised interstellar and interplanetary medium as well as ionospheric effects using
pulsars. In particular, our studies are focused on the electron density variations of the turbulent
ionised interstellar medium and interplanetary medium, on the Galactic and interplanetary magnetic
field through Faraday rotation, the evolution of the pulsar scintillation parameters and extreme
scattering events. In this talk I will give an overview of our unique data set and I will focus on the
extraordinarily precise monitoring of the Solar wind.
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Anisotropy and Intermittency in the Interstellar Plasma

10:45-11:00University of California San Diego

Barney Rickett

The discovery of pulsars was closely followed by the discovery of dispersion and scattering in the
interstellar plasma (ionized interstellar medium - IISM). The rich phenomena of scattering and
scintillation have since been successfully modelled as propagation through a statistically uniform
plasma turbulence with an isotropic Kolmogorov spectrum of density. However, this enticingly
simple model fails to explain the many recent observations, that show anisotropic scattering from
highly localized regions of the IISM often referred to as phase screens. I will summarize the recent
evidence from pulsars (including scintillation arcs, scatter broadening times and dispersion measure
variations) and also from very compact AGN sources, which can exhibit rapid scintillation and
occasionally extreme scattering events over several days. The, as yet, unknown astrophysical origin
of these phenomena includes thin current sheets, the diffuse remnants of old supernova shells, and
plasma filaments surrounding ubiquitous molecular clumps near young hot stars.

Scintillation Arcs Shed Light on Scattering from Planar Plasma Sheets

11:30-11:45Oberlin College

Dan Stinebring

Scintillation arcs provide an unprecedented degree of detail into the scattering of radio waves from
pulsars. We review evidence that has emerged over the last fifteen years that: a) the scattering of
many nearby pulsars is dominated by one or several relatively thin “screens" of material, b) the
resulting image on the sky is highly linear, with axial ratios at least as high as 10:1, and c) this
arrangement is persistent for at least one source (B1133+16) for at least 35 years. We expand
on the idea of Pen and Levin (2014) and previous authors that such scattering may be caused by
linear sheets of plasma seen nearly edge-on. Further analysis of such scintillation arcs, including
new work we present on multi-frequency, multi-epoch observations, should help elucidate the
astrophysical nature of these ubiquitous scattering entities, which are currently not convincingly
linked with any known structures.

Pulsar VLBI Scintillometry

11:45-12:00University of Toronto

Ue-Li Pen

We present initial results of the new programme to map the pulsar scintillation screens with earth
and space VLBI. New inferences include evidence for isolated magnetic sheets. These natural giant
plasma lenses enable microscopic studies of pulsar magnetospheres. We discuss first results, and
potential future developments.
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Extreme Scattering Events Toward Two Young Pulsars
12:00-12:15 Naval Research Laboratory

Matthew Kerr

In a monthly monitoring program of energetic young pulsars with the Parkes telescope, we have
detected variations in flux density and scattering properties characteristic of “extreme scattering
events" observed towards extragalactic sources. Towards PSR J1740−3015, we have observed
a U-shaped rise and fall in flux density, consistent with a plasma lens crossing the line of sight.
Towards the nearby PSR J1057−5226, we have detected dramatic variations in the scintillation
properties (bandwidth and time-scale) as well as 20x modulation in flux density, which we attribute
to a series of scattering and refractive events. The scattering may be associated with filamentary
structure identified in H-alpha imaging. We discuss the results, inferences about the interstellar
medium along these two lines of sight, and implications for magnification and detectability of
transient events.

Echoes in the Pulse Profile of PSR B2217+47
12:15-12:30 University of Amsterdam / ASTRON

Daniele Michilli

We have observed a complex and continuous change in the integrated pulse profile of PSR
B2217+47, manifested as pulse “echoes" trailing the main component. These echoes are detected
over 7 years at 150 MHz using the LOFAR telescope, while they are not seen in contemporaneous
Lovell observations at 1.5 GHz – indicating that the effect is highly chromatic. Simultaneous
variations in the pulsar dispersion measure strongly suggests that structures in the interstellar
medium is the cause of the profile variation. Though similar behaviour has been seen from the
Crab pulsar, and is thought to be due to the surrounding nebula, this is the first detection of an echo
in a pulsar pulse profile caused by structures in the interstellar medium. Our calculations favour
reflection by a group of over-dense bubbles of plasma having an electron density ∼ 150 cm−3

located nearly half-way between the pulsar and the Earth. These characteristics are broadly
consistent with those inferred from independent measurements during Galactic extreme scattering
events and pulsar scintillation observations. Since PSR B2217+47 is the fourth brightest pulsar
visible to LOFAR, similar profile variations would have not been identified in most pulsars,
suggesting that subtle profile variations might be more common than we have observed to date.
Systematic studies of these variations at low frequencies can provide a new tool to investigate the
proprieties of the interstellar medium as well as limits to the precision of pulsar timing.
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Polarization Study of the Pulsars in the Globular Cluster 47 Tucanae
12:30-12:45University of Milano-Bicocca

Ferderico Abbate

By investigating the linearly polarised component of a pulsar signal at different radio frequencies
it is possible to derive constraints on the parallel component of the magnetic field along the line
of sight (los) to the pulsar. The observables necessary to determine the magnetic field are the
Dispersion Measure (DM), sensitive to the density of ionised matter along the los, and the Rotation
Measure (RM), sensitive to both the density and the magnetic field. In this talk I will present the
results of observations of the pulsars in the globular cluster 47 Tucanae made with the Parkes radio
telescope. I will present the polarimetric properties of 18 known pulsars and report the RM for 13
of them. The first analysis of the data led to the discovery of a gradient in the RM values of the
pulsars across the cluster that is incompatible with what observed in the DM values. This indicates
the presence of significant variations in the magnetic field throughout the very small angular scales
associated to the los to the pulsars in 47 Tucanae. I will discuss the hypotheses that the magnetic
field responsible for the gradient is located inside the globular cluster or in the Galactic disk in the
direction of the cluster. No clear answer as to the origin of the magnetic field arises from the study,
but new analyses based on a Bayesian approach are now being implemented. Deeper observations
with the MeerKAT and/or the SKA1 radio telescopes could be necessary to safely discriminate
among the hypotheses.

Studying Magnetic Fields using Low-frequency Pulsar Observations
12:45-13:00ICRAR & CSIRO

Charlotte Sobey

Polarisation observations of pulsars using next-generation low-frequency radio telescopes provide
powerful probes of astrophysical plasmas that span many orders of magnitude in magnetic field
strength and scale. Pulsar magnetospheres can be explored through their numerous emission
phenomena. For example, low-frequency LOFAR observations were used to discover a sporadically-
emitting ‘quiet’ emission mode in PSR B0823+26 that is over 100 times weaker than that of the
more regularly-emitting ‘bright’ mode. This was further characterised using multi-frequency
simultaneous observations, where the transition between modes appears to occur within one
rotation of the neutron star and is concurrent across the range of frequencies observed. This pulsar
is known to display a host of emission phenomena over a range of timescales, including nulling
and sub-pulse drifting, and provides insights into magnetospheric behaviour.

Pulsars are also excellent probes of the ionised interstellar medium. Dispersion and rotation
measures (DMs and RMs) towards pulsars provide an efficient method to determine the average
strength and direction of magnetic fields in foreground regions. Low-frequency radio telescopes
with large fractional bandwidths can determine DMs and RMs with high precision, demonstrated
by a catalogue of RMs (corrected for ionospheric Faraday rotation) using LOFAR observations,
and a growing complementary catalogue using MWA observations. These measurements further
our knowledge of the three-dimensional structure of the Galactic magnetic field, which plays a role
in many astrophysical processes, but is not yet well understood. This technique can potentially be
expanded to probe, for example, globular clusters, the heliosphere, the ionosphere, and small-scale
structure via monitoring observations.
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1. Advances in our understanding of the free-precession candidate PSR B1828−11

Albert Einstein Institut, Hannover

Ashton, Gregory

The quasi-periodic modulations of PSR B1828−11 provide a way to probe the physics of
neutron stars. In this talk, I will outline the recent advancements we have made in using these
modulations to test models of magnetospheric switching and precession, finding modest
evidence in favour of the precession model. Then, I will discuss the surprising discovery that
the period of the modulations is getting shorter and what this may mean for neutron stars.

2. The X-ray Pulsar 2A 1822−371 as a super-Eddington source

Leiden Observatory

Bak Nielsen, Ann-Sofie

The LMXB pulsar 2A 1822−371 is a slow x-ray pulsar in an accretion disc corona system,
which show properties that are inconsistent with standard theories on how these systems
should behave. The pulsar has been observed to spin up continuously over a baseline of 13
years with a spin frequency derivative that gives a spin up timescale of about 7000 years,
much shorter than expected for this type of systems. An open question is whether this system
will show torque reversal in the future, such as seen for example in 4U 1626−67, or if it is
really spinning up exceptionally fast. The orbital period is also expanding on a timescale
much smaller than expected. Furthermore, to explain some of the peculiarities of this system,
it has historically been suggested that the accretion disc must be surrounded by a thick
accretion disk corona. This, however, poses a problem, since we observe X-ray pulsations
which would otherwise be smeared out by the thick corona. We propose a solution to the
above problems by suggesting that the system may be a super Eddington source. We suggest
that 2A 1822−371 has a thin accretion outflow (which is due to a super Eddington mass
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transfer from the donor, evolving on a thermal timescale) being launched from the inner
accretion disk region. The inner part of the accretion disk itself is instead geometrically
thick. The solution we suggest reconciles both the need for an accretion disk corona, the fast
spin-up and the change in the orbital separation.

3. Simultaneous Radio and X-Ray observation of Crab Pulsar.

National Centre for Radio Astrophysics - Tata Institute of Fundamental Research

Basu, Avishek Kumar

Rotation powered isolated neutron stars are known to emit radiation in broad range of
electromagnetic spectrum, radio frequencies to gamma rays. These objects are the efficient
sources of particle acceleration due to their intense magnetic field. Charge particles, mostly
electrons and positrons get accelerated along the open field lines and emit non-thermal
high energy gamma-ray photons that have timing characteristics of that of the neutron
star. These particles generate secondary plasma higher up in the magnetosphere leading to
coherent radio emission. Crab pulsar, PSR B0531+21, is a unique neutron star, where pulsed
emission has been detected over the entire range of electromagnetic spectrum. In addition, it
exhibits very intense sporadic radio pulses, known as Giant pulses (GP). The mechanism for
production of such pulses is not known and simultaneous multi-frequency observations can
constrain theoretical attempts to explain this emission. We have carried out a campaign of
simultaneous observations from radio to high energies, using three Indian facilities, namely,
the Ooty Radio Telescope, the Giant Meterwave Radio Telescope in radio wavelengths and
newly commissioned ASTROSAT for X-Rays. We have calibrated the temporal offsets
among the participating telescopes and examined the occurence of GP at all the wavebands
observed.The results of this investi gation and its implications will be discussed.

4. Interstellar space weather toward timing-array millisecond pulsars

ICRAR, Curtin University, Australia

Bhat, Ramesh

Studying the gravitational-wave sky with pulsar timing arrays (PTAs) is a key science goal
for SKA and its pathfinders. With current PTA experiments approaching sub-microsecond
timing precision, accurate measurements and calibration of interstellar propagation delays
are becoming increasingly important. Propagation effects are much stronger at longer
wavelengths, and hence instruments such as the MWA and LOFAR can be potentially used
to increase the detection sensitivity of PTAs by complementing the timing data with low-
frequency measurements. The development of pulsar science capabilities for the MWA and
the Engineering Development Array (EDA) bring in excellent opportunities for undertaking
such studies for timing-array pulsars in the southern sky. The flexible design of MWA allows
simultaneous multi-band observations over the 80 – 300 MHz frequency range, whereas
the EDA design allows continuous wide-band pulsar observations over 50-325 MHz. I will
present an overview of these capabilities, their potential to support PTA efforts, and science
highlights from our ongoing observing campaign of millisecond pulsars. These include
detailed scintillation studies and the investigation of effects such as chromatic DM and the
frequency scaling of scintillation properties. I will also describe the future promises in the
horizon with the design and construction work ramping up toward an expanded MWA and a
much improved EDA. Successful demonstration of the use of such facilities to support PTAs
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with Parkes and MeerKAT will also pave the way to making effective use of SKA1-low for
supporting PTA efforts with SKA1-mid.

5. Low frequency pulsar observations with LOFAR

LPC2E, Laboratoire de physique et chimie de l’environnement et de l’Espace

Bondonneau, Louis

Low frequency observations are powerful tools for pulsars science. Since the first observation
of a pulsar by Jocelyn Bell and Antony Hewish in 1967 at low frequency (80 MHz) this range
of the spectrum is largely underexploited. This is due to the difficulty of the dedispersion
which is computationally expansive. The dispersion and the scattering vary as f−2 and f−4

respectively, the evolution of the emitted profiles of pulsars are also highly variable. That why
this range of the spectrum contains a lot of information from the magnetospheric structure of
these stars. Furthermore, some pulsars show an unusual spectral behaviour with a turnover
at low frequency (∼ 100 MHz). We will present a study of a dataset of LOFAR ( LOw
Frequency ARray ) from the core and international stations.

6. Phase-dependent absorption features in X-ray spectra of XDINSs

Anton Pannekoek for Astronomy

Borghese, Alice

A detailed pulse phase spectroscopy using all the available XMM-Newton observations of
X-ray dim isolated neutron stars (XDINSs) have revealed the presence of narrow and strongly
phase-dependent absorption X-ray features. The first discovered was in the X-ray spectrum
of the nearby XDINS RX J0720.4−3125. The line seems to be stable in time over a timespan
of 12 years and is present in 20 per cent of the pulsar rotation. Because of its narrow width
and its strong dependency on the rotational phase, the spectral line is probably due to proton
cyclotron absorption in a ∼ 1014 G confined magnetic structure (with a field strength about 7
times the dipolar field of this pulsar). Performing the same analysis to all archival XDINS
data, a new possible candidate was found in the X-ray spectrum of RX J1308.6+2127. This
absorption feature shows the same phase dependency and energy as the first one, revealing
the presence of a high-B structure close to the stellar surface.
In both cases we performed Monte Carlo simulations to verify the significance of these
discoveries and the outcome has confirmed the detection of the phase-variable absorption
feature in both sources. This result provides evidence for deviations from a pure dipole
magnetic field on small scales for highly magnetized neutron stars and supports the proposed
scenario of XDINSs being aged magnetars, having still a strong non-dipolar crustal B-field
component.

7. X-ray bounds on the r-mode amplitude in millisecond pulsars

Istanbul University, Department of Astronomy and Space Science

BOZTEPE, TUĞBA

r-mode oscillations provide an important way to study the inner structure of compact stars.
Because of their precisely measured, large spin frequencies, millisecond pulsars are the best
sources to use these oscillations for astroseismology.r-mode oscillations can act as a heat
source in the pulsar and X-ray observations of the thermal emission of millisecond pulsars
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can help us to understand the nature of this process. We have recently started a project to
either determine the surface temperatures of millisecond pulsars, or set stringent bounds
on them, by using direct spectral analyses of X-ray data as well as the large number of
temperature and luminosity measurements given in the literature. This allows us constrain
the amplitude of r-mode oscillations and thereby the internal composition of the star. In this
poster, we will show the initial results and what we want to do in the future of our work.

8. Pulsar Magnetosphere: a more self consistent view from PIC simulations

NASA Goddard Space Flight Center

Brambilla, Gabriele

Pulsar emission is produced by charged particles that are accelerated as they flow in the
star’s magnetosphere. The magnetosphere is populated by electrons and positrons while
the physical conditions are characterized by the so called force-free regime. However, the
magnetospheric plasma configuration is still unknown which inhibits the understanding of
the emission generation.
Here we show three steps toward a self consistent view of the magnetosphere obtained with a
particle-in-cell (PIC) code: the force free solution, a solution obtained injecting particles only
from the surface of the neutron star and a solution that resembles a self consistent injection.
The importance of looking at each one of these steps with PIC is that we can understand how
the different particle species support the corresponding magnetosphere structure, for example
injecting particles from the surface modifies the currents components in the magnetosphere.
We find that the main acceleration and emission occurs at the current sheet outside the
light cylinder and we describe its mechanism. These are the necessary steps to go toward
a self consistent modeling of the magnetosphere, connecting the microphysics of the pair
plasma to its macroscopic quantities. Understanding the pulsar magnetosphere is essential for
interpreting the broad neutron star phenomenology (young pulsars, magnetars, millisecond
pulsars, etc.). The study of these plasma physics processes is also crucial for putting limits
on the ability of these objects to accelerate particles.

9. Long Timescale Pulsar Variability

West Virginia University

Brook, Paul

Fifty years of pulsar data has led to the discovery of emission and rotation variability
on timescales of months and years; we have developed techniques to identify this long
timescale variability. Individual observations may be too noisy to identify subtle changes
in a pulse profile; we use Gaussian process regression to model noisy observations and
produce a continuous map of pulse profile variability. Generally, multiple observing epochs
are required to obtain the pulsar spin frequency derivative. GP regression is, therefore, also
used to monitor this rate of spindown. We have applied variability detection techniques to
both millisecond and long period pulsar datasets. I will discuss the techniques used and
present the most interesting results from the pulsars analysed.

10. A search for single FRB-like pulses from magnetars

INAF - Cagliari Observatory

Burgay, Marta
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In this poster we present the results of a search for FRB-like pulses from observations of
magnetars carried out at different frequencies at the Parkes radio telescope. For one source
a single saturated pulse was detected in coincidence with an X-ray burst with a chanche
probability of 0.05%. We discuss the implications of this detections for FRB models with
magnetar progenitors.

11. Millisecond pulsars in globular clusters

University of Bologna

Cadelano, Mario

Due to their highly collisional environments, globular clusters are the ideal factories for the
formation of millisecond pulsars: old and rapidly spinning neutron stars formed in binary
systems through mass accretion from an evolving companion star. These systems can be used
to shed light on binary system evolution, exotic stellar evolution scenarios and also to probe
the cluster dynamical structure, gas content and formation history. Here I will present the
latest results of a long-term program aimed at identifying binary millisecond pulsar optical
counterparts, whose emission is dominated by the companion stars. Indeed, the identification
and characterization of millisecond pulsar companion stars is a key ingredient to shed light
on the still obscure evolutionary paths of these systems and to better understand the link
between low-mass X-ray binaries and millisecond pulsars. I will also present a new method
to discover pulsars in globular clusters. At odds with classical search routines, this method
exploits the large archival data of cluster observations obtained in the last decades to timing
purposes. I will show the main step of the algorithm and the first identification of new pulsars.

12. First interferometric detections of fast radio bursts

University of Manchester

Caleb, Manisha

The class of radio transients called Fast Radio Bursts encompasses single pulses, each unique
in its own way, hindering a consensus for their origin. The key to demystifying FRBs lies
in discovering many of them in order to identity commonalities – and in real time, in order
to find potential counterparts at other wavelengths. The recently upgraded UTMOST in
Australia, is undergoing a backend transformation to rise as a fast transient detection machine.
I will present the first interferometric detections of FRBs, placing their origin beyond the
near-field region of the telescope thus ruling out local sources of interference as a possible
origin. We have localised these bursts to five times better than the ones discovered at the
Parkes radio telescope and have plans to upgrade UTMOST to be capable of much better
localisation still. The measured FRB rate at UTMOST, scaling from the FRB detection rate
at Parkes and assuming a Euclidean space distribution and theat FRBs are flat spectrum is
found to be three times higher than expectation, providing valuable insights into their integral
source count distribution and search strategies for current and planned telescopes.

13. Superburst Oscillations

Anton Pannekoek Institute for Astronomy, University of Amsterdam

Chambers, Frank
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Superbursts are hours long X-Ray bursts with long recurrence times that are observed from
accreting Neutron Stars. They are believed to be caused by unstable thermonuclear burning
of carbon deep in the ocean at densities approximately 108−109 g cm−3 and can be triggered
by even a small fraction of carbon given a sufficiently large mass of ashes. The burning
is affected strongly by ash composition so these burst are a good probe of nuclear burning
processes.
Burst oscillations have been discovered during one superburst, which could plausibly be
caused by some form of surface mode. We present calculations of modes in the aftermath
of a superburst, in a similar approach to Piro and Bildsten’s 2005 work on modes in H/He
burning oceans after normal Type-I Bursts.

14. Systematic study of magnetar outbursts

Institute of Space Sciences (CSIC-IEEC)

Coti Zelati, Francesco

In the past decade, extensive study of magnetars in outburst has led to a number of unexpected
breakthroughs which have changed our understanding of these objects. So far, several
outbursts have been the object of many observational campaigns in the soft X-ray band.
Although detailed studies have been conducted for each of these events, an overall systematic
analysis of their spectral properties, from the very first active phases throughout the decay,
is still missing. I will present the results of our X-ray spectral modelling for 19 magnetar
outbursts occurred over the past 2 decades. We reduced and reanalysed all the available
data acquired by the Swift, Chandra and XMM–Newton X-ray observatories, as well as data
collected in a few observations by the instruments aboard BeppoSAX, ROSAT and RXTE
(about 900 observations in total). We tracked the temporal evolution of the absorbed fluxes
and the luminosities for all these events (that of the single spectral components and the total
one in the X-rays, and also the bolometric luminosity; see Fig. 1 for the light curves of all
these episodes). We then modeled empirically the decays of the bolometric luminosities,
and we estimated the characteristic decay time scales as well as the total energetics involved
for each of these events. We investigated the anti-correlation between the maximum flux
(luminosity) increase reached during these episodes and the source quiescent X-ray flux
(luminosity), and characterized the link between the energetics released and other parameters
of the outburst, such as the X-ray luminosity in the quiescent phase and that at the peak of
the outburst. We will soon publish on-line the results of our analysis on a website, making
publicly available all files used for the analysis as well as all the material required to reproduce
all cooling curves and investigate the interdependence between the characteristic parameters
of our sample of magnetars and their outbursts. We will maintain the website with regular
updates as new transient magnetars will be discovered.

15. Prospects for Discovering Pulsars in Future Continuum Surveys

CSIRO Astronomy and Space Science

Dai, Shi

The optimum method for finding pulsars is through time series analysis which involves de-
dispersion, Fourier transforms and harmonic summing. These techniques have reaped 2500
pulsars to date, with the SKA expected to find in excess of 10000 pulsars. Interferometric
pulsar searches come with a heavy computational cost, and it is currently envisaged that
the SKA survey can only make use of limited number of antennas and a limited field of
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view. Other, complementary techniques for uncovering pulsars in continuum surveys, which
essentially come ‘for free’ along with the imaging, are therefore worth exploring. Such
techniques include examining steep spectrum objects, searching in Rotation Measure space,
searching in circular polarisation and through the scintillation properties of pulsars. We have
examined the viability of finding pulsars with scintillation via variance imaging and show that
while the yield of pulsars from the EMU survey on ASKAP is small, surveys with SKA-MID
can significantly add to the haul of MSPs in particular. Although variance imaging with EMU
and SKA-MID is only sensitive to pulsars with relatively low DM (∼ 120 cm−3 pc), they are
equally sensitive to pulsars with different duty cycles, and are therefore better at identifying
pulsars with large duty cycles than conventional pulsar searches. Variance imaging is likely
to be a powerful technique for finding pulsars in relativistic binary systems.

16. Glitch time series

University of Tehran

Darehmoradi, Mohammad

The rotation of more than 700 pulsars has been monitored using the 76-m Lovell Telescope
at Jodrell Bank. Here we report on a new search for 6 glitches in the observations. In this
work we presented our algorithm and new mathematical point of view to this phenomenon.
Furthermore, they are simple and can be computed from summaries. We demonstrate the
method on real network data, isolating “abnormal” data movements over time. We conclude
with a proposal for a set of general actions to take based upon the glitches detected by our
algorithm.

17. Observing Pulsars with a Phased Array Feed at the Parkes Telescope

MPIfR

Deng, Xinping

During February 2016, CSIRO Astronomy and Space Science and the Max-Planck-Institute
for Radio Astronomy installed, commissioned and carried out science observations with a
phased array feed (PAF) receiver system on the 64-m diameter Parkes radio telescope. Here
we demonstrate that the PAF can be used for pulsar observations and we highlight some
unique capabilities. We demonstrate that the pulse profiles obtained using the PAF can be
calibrated and that multiple pulsars can be simultaneously observed. Significantly, we find
that an intrinsic polarisation leakage of −31dB can be achieved with a PAF beam offset from
the centre of the field of view. I will also represent the result from the PAF at Effelsberg.

18. Radio pulsar beam and polarisation

Copernicus Astronomical Center

Dyks, Jaroslaw

I will show that peculiar frequency evolution of pulse profiles, and the existence of bifurcated
conal components result from spiral geometry of a radio pulsar beam. Numerous polarisation
phenomena, on the other hand, can be understood if one assumes a coherent addition of
orthogonally polarised waves in both natural propagation modes. In particular, the observed
orthogonal polarisation modes appear when the magnetospheric medium imposes phase lags
in the vicinity of 90 deg on these orthogonal waves. Such model is capable of explaining
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several effects which are beyond the reach of the rotating vector model, e.g. the orthogonal
polarisation jumps at maxima of V or complicated distortions of polarisation angle curves.

19. Precision timing analysis of the highly energetic young pulsar PSR J0537−6910

University of East Anglia

Ferdman, Robert

PSR J0537−6910 is a 16-ms pulsar in the Large Magellanic Cloud. It is the most energetic
and frequently glitching young pulsar known. We present updated glitch and spin parameters,
and discuss the implications for the spin and magnetospheric evolution of this unique pulsar
from modelling of the glitch parameters and their recoveries.

20. Long-term Timing of the Pulsar-Triple System in Messier 4

McGill University

Fonseca, Emmanuel

We report on ongoing observations and analysis of PSR B1620−26, a pulsar in a hierarchical
triple system that is composed of a 191-day “inner" orbit with a white dwarf and a ∼ 60 year
“outer" orbit with a Jupiter-mass planet; this triple system is embedded within the Messier 4
globular cluster. Our data set spans ∼ 27 years since the pulsar’s discovery and has used the
following facilities for data collection: the 100-m Robert C. Byrd Green Bank Telescope; the
100-m Effelsberg Radio Telescope; the 76-m Lovell Telescope at Jodrell Bank Observatory;
the Karl G. Jansky Very Large Array; and the 140-m and 43-m NRAO radio telescopes at
Green Bank, West Virginia. We present current results and challenges when modeling the
entire data set using an explicit, two-orbit timing solution, and explore the possibilities of
rotational glitches and interactions between the system and a nearby cluster member.

21. Magnetic field configurations of magnetars

Waseda University

Fujisawa, Kotaro

Neutron stars have the strongest magnetic fields among the stars in the Universe. In particular,
Anomalous X-ray Pulsars and Soft Gamma-ray Repeaters are considered to be magnetars,
a special class of magnetized neutron stars. Magnetars have very strong dipole magnetic
fields whose typical values reach approximately 1015 G at their surfaces. They display
stationary intense emissions and dynamical flares releasing magnetic energy. Therefore,
magnetic field of magnetars might be decaying. In fact low field magnetars, such as SGR
0418+5729, are considered as old magnetars whose magnetic fields have decayed. The
magnetic field configurations are important for magnetars because the decay of magnetic
energy deeply depends on the magnetic field structures. The Hall effect within the crust and
ambipolar diffusion in the core are important physical mechanism to consider the structures
and evolution of magnetic fields of magnetars. In this study, we considered both ambipolar
diffusion and Hall effect and calculated magnetic field configurations of magnetars. We
found the interaction between core field and crustal field are important for magnetic field
configurations of magnetars.
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22. The onset of low Prandtl number thermal convection in thin spherical shells

Anton Pannekoek Institute for Astronomy

Garcia Gonzalez, Ferran

Convection is believed to occur in many geophysical and astrophysical objects such as
planets and stars. In particular, compressible convection takes place in neutron stars and
white dwarfs oceans that often exhibit thermonuclear explosions known as bursts when
matter is accreted from a companion star. These oceans may be formed by very thin layers of
Helium or Hidrogen which are subjected to the influence of strong temperature gradients and
rotation. From nuclear physics theory the physical properties, such as kinematic viscosity or
thermal conductivity, can be estimated giving rise to very low Prandtl and Ekman numbers.
This parameter regime, in combination with very thin spherical shells, makes the study of
convection extremely challenging, even in the incompressible case (Boussinesq).
In this study the onset of stress-free Boussinesq thermal convection with aspect ratio η = 0.9,
Prandtl numbers Pr ∈ [10−4 : 10−1], and Ekman numbers E ∈ [10−5,10−3] is considered.
For a fixed E and by decreasing Pr from 0.1 a transition between spiralling columnar and
equatorial modes, and a transition between equatorial and inertial modes are found. The
latter modes are preferred at very low Pr. We study the dependence on Pr and E of both
transitions to estimate the type of modes preferred at the bursting stars regime.

23. Going from pulsars to Fast Radio Bursts

ASTRON / University of Amsterdam

Gardenier, David

Ever since the original detection of a Fast Radio Burst (FRB) in a pulsar survey, FRB and
pulsar astronomy have been closely linked. Parallels between the two fields emerge partially
from theory, with both giant pulses from young pulsars and radio flares from magnetars being
suggested as possible origins of FRBs. FRBs are known to have extremely high brightness
temperatures similar to giant pulses from Galactic pulsars, and their millisecond duration
is consistent with single-pulse widths. With the small number of FRB detections limiting
our ability to probe their intrinsic parameters, FRBs still elude our understanding in terms
of origin and underlying population. Looking back at some of the key developments pulsar
astronomy has been through, it readily emerges that pulsar population synthesis was crucial
in establishing their population properties. In order to achieve a similar understanding in the
field of FRBs, it is important to construct a FRB population synthesis code. To this end, I
have created FRBPOPPY, a FRB population synthesis code written in Python, extending
PSRPOP to the field of FRBs. FRBPOPPY provides everything from fast transient detection
rates to parameter estimation, which will further our understanding of the FRB population.
FRBPOPPY has been designed to combine cutting-edge results with ease of use, from
automated syncing with the latest FRBCAT to modular code and interactive plotting. With
recent observations ruling out a cataclysmic-event origin for at least some FRBs, the time
has come to capitalize on available theories and help uncover the nature of the mysterious
FRBs via population synthesis!

24. Magnetic Axis Wobbling in Strongly Magnetised Pulsars

University of Leeds

Gourgouliatos, Kostas
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The evolution of the crustal magnetic field in neutron stars is mediated through the Hall effect
and Ohmic dissipation. The Hall effect may lead to the development of non-axisymmetric
magnetic field structure. This evolutionary path is more likely to be taken when strong
toroidal fields are present. I will present the results of 3D simulations of neutron star
magnetic fields with relatively strong toroidal components, demonstrating the development
of non-axisymmetric instabilities. These instabilities lead to the displacement of the magnetic
dipole axis, at a rate that can reach 1 deg per century for a 1012 G neutron star. This could
explain the perceived change of the inclination angle of the magnetic axis in the Crab pulsar
inferred by the evolution in the separation of the main pulse and interpulse components.

25. Interstellar medium studies below 200 MHz: LOFAR single stations and NenuFAR

LPC2E & Nanay Radio Observatory

Griessmeier, Jean-Mathias

International LOFAR stations, equipped with powerful backends, can be used as individual
telescopes, and provide data sets complementary to those obtained with the LOFAR Core.
Such “local mode" observations are particularly adapted to monitoring observations, where
the advantage of having a high observing cadence (one observation per week) outweighs the
reduced sensitivity of a single station when compared to the full array. With such observations,
it is possible to monitor the temporal evolution of the pulsars’ behaviour via its dispersion,
scattering, intensity, and profile shape. We will present ongoing studies performed in the
LOFAR high band (110 – 190 MHz), recent observations in the LOFAR low band (10 – 90
MHz), and plans for the upcoming NenuFAR telescope.

26. The broad X-ray emission of PSR J0437-4715

Pontificia Universidad Catolica de Chile

Guillot, Sebastien

Because of its proximity, the millisecond pulsar PSR J0437−4715 is the ideal target to place
constraints on the dense matter equation of state using the lightcurve modelling method. To
make full use of this method, and of the data collected by NICER, it is important to fully
comprehend the broad band X-ray emission of this pulsar. I will present an analysis
combining observations from XMM-Newton, NuSTAR, and ROSAT, which removed
ambiguities in the spectral modelling of the surface emission from PSR J0437−4715.
Furthermore, the NuSTAR observation demonstrated that the non-thermal emission was
pulsed at the pulsar spin period, a crucial information to take into account when modelling
the light curve and attempting to measure the neutron star radius.

27. Conquering systematics in the timing of the Pulsar Triple System PSR J0337+1715.

Anton Pannekoek Institute, University of Amsterdam

Gusinskaia, Nina

PSR J0337+1715 is a millisecond radio pulsar in a hierarchical stellar triple system with
two white dwarfs. This system is a unique and excellent laboratory in which to test the
strong equivalence principle (SEP) of general relativity. The initial SEP violation test was
performed using direct 3-body numerical integration of the orbit in order to model the more
than 30000 pulse times of arrival (TOAs) from three radio telescopes: Arecibo, Green Bank
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and Westerbork. In this work I will present our efforts to quantify the effects of systematics
in the TOAs and timing residuals which can limit the precision to which we can test the
SEP in this system. In particular, we are applying Fourier-based techniques to the timing
residuals in order to isolate the effects of systematics, which could masquerade as an SEP
violation. We are also evaluating how different aspects of the TOA production process affect
the inferred systematics.

28. A new look at pulsar distances and the gamma-ray luminosity of PSR J0218+4232

IMAPP / Astrophyics, Radboud University, Nijmegen
Igoshev, Andrei

If the observed parallax p’ has a gaussian measurement error s, there is a 68% probability
that the actual parallax p is in the range p’−s < p < p’+s (the frequentist approach). The
probability distribution within this range is not known from p’ and s alone, and in particular
we cannot state that the most probable distance D is given by D=1/p’. To obtain a probability
distribution we need to know or assume a distribution of pulsar distances (Bayesian approach).
With the example of PSR J0218+4232 we illustrate some errors made in the recent literature
by confusion between the frequentist and Bayesian approaches. We show that for a wide
range of gamma-ray luminosity functions the isotropic gamma-ray luminosity for this pulsar
exceeds 10% of its spindown luminosity.

29. Status and Early Science of the Thai 40-m Radio Telescope

National Astronomical Research Institute of Thailand
Jaroenjittichai, Phrudth

Since the first light of the 2.4-m Thai National Telescope in 2013, Thailand foresees another
great leap forward in astronomy. A project known, as “Radio Astronomy Network and
Geodesy for Development” (RANGD) by the National Astronomical Research Institute of
Thailand (NARIT) has been approved for year 2017 – 2021, under the Ministry of Science
and Technology’s call for STEM-education proposal. A 40-m radio telescope has been
planned to operate up to 3-mm observation with prime-focus capability for low frequency
and phased array feed receivers. The telescope’s first light is expected in late 2019 with a
cryogenics K-band, and subsequently L-band receivers. RFI environment at the site has been
investigated and shown to be at reasonable level. Early single-dish science will focus on time
domain observations, such as pulsars and transients, outbursts and variability of maser and
AGN sources.

30. Probing pulsar interiors via timing measurements

University of Southampton
Jones, Ian

Pulsar timing provides a probe of the state of matter at high densities. Some pulsars have been
observed to display quasi-periodicities in their spin-down rates, while others have displayed
sudden steps in spin frequency (glitches). In this talk I will discuss what we can learn about
neutron star interiors from those (very few systems) where both sorts of timing irregularities
have been observed.
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31. Peculiar nulling observed in PSR B1706-16 with Ooty Radio Telescope and the GMRT

National Centre for Radio Astrophysics (TIFR), Pune India

Joshi, Bhal Chandra

Single pulse observations with the Ooty Radio Telescope and the GMRT, characterizing in
detail, the nulling behaviour of PSR B1706−16 are being reported for the first time. Our
regular long duration monitoring of this pulsar reveals long nulls of about 2 to 5 hours with
an overall nulling fraction of 31± 2%. The pulsar shows shorter nulls in an active phase
with a nulling fraction of about 15%, rarely switching to the inactive phase with long nulls.
The nulls in this pulsar are concurrent between 326.5 and 610 MHz. Profile mode changes
accompanied by changes in fluctuation properties are seen in this pulsar, which switches
from mode A before a null to mode B after the null. The distribution of null duration in this
pulsar is bi-modal. With its occasional long nulls, PSR B1706−16 joins the small group
of intermediate nullers, which lie between the classical nullers and the intermittent pulsars.
Similar to other intermediate nullers, PSR B1706−16 shows high timing noise, which could
be due to its rare long nulls if one assumes that the slowdown rate during such nulls is
different from that during the bursts.

32. Wide band simultaneous multi-frequency single pulse study of PSR J1822-2256

National Centre for Radio Astrophysics (TIFR), Pune India

Joshi, Bhal Chandra

Diverse single pulse phenomenology in radio pulsars, observed over a wide range of
frequencies, provides independent probes, such as sub-pulse drifting and nulls, of structure
and dynamics of pulse emission, particularly as changes in this phenomenology organizes
the average emission in distinct profile modes. Upgrades at Giant Meterwave Radio
Telescope (uGMRT) now provide a unique instrument to cover frequency range from 300 to
1400 MHz with a very high sensitivity for single pulse studies, providing a more uniform
coverage to study the frequency evolution of drift related profile mode changes. Here, we
describe simultaneous multi-frequency observations of PSR J1822−2256 using the recently
added capabilities of uGMRT. PSR J1822−2256 switches between three distinct drift rates,
interspersed with 10 percent nulls. In this poster, we will present new results from a
currently ongoing extension of our past study with uGMRT. The distribution of modes for
distinct drift rates, extracted using new techniques and based on about 10000 pulses,
combining recently concluded observations, will be presented for the first time for this pulsar.
This analysis indicates changes in profile shapes with different drift modes, evolving
differently with observing frequencies. We will conclude with a discussion on use of these
results to constrain the emission physics.

33. On sub-pulse drift related profile mode-changes studied with a new technique

National Centre for Radio Astrophysics (TIFR), Pune India

Joshi, Bhal Chandra

Sub-pulse drift related profile mode-changes provide a useful probe of pulsar radio emission,
particularly as changes in this phenomenology organizes the average emission in distinct
profile modes. The best known, and most well studied, examples are PSR B0031−07
(Vivekanand & Joshi 1997, Joshi et al. 2013, Smits et al. 2007, Karuppasamy et al. 2011)
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and B2319+60 (Wright & Fowler 1981). Simultaneous multi-frequency observations with
sensitive instruments, such as upgraded GMRT and future Square Kilometer Array, will be
useful in unraveling the geometry and physics of pulsar magnetosphere, through a study
of sub-pulse drift related profile mode-changes. Extension of such studies requires use
of Fourier techniques for weaker pulsars. Two techniques based on short time Fourier
transforms, including a new technique developed by us, are compared in this poster. Results
on drift rate mode-separated profiles for PSR B003−07, B2319+60 and 1822−2256 using
our new technique are presented for the first time. Implications of these results to possibly
untangle the pulsar emission geometry with emission physics are discussed.

34. Understanding the Pulsar High-Energy Emission: Macroscopic and Kinetic Models

NASA GSFC, UMCP

Kalapotharakos, Constantinos

Pulsars are extraordinary objects powered by the rotation of magnetic fields of order 108−
1012 G anchored onto neutron stars and rotating with periods 10−3− 10 s. These fields
mediate the conversion of their rotational energy into MHD winds which at the same time
accelerate particles to energies sufficiently high to produce GeV photons. Fermi, since its
launch in 2008, has led to the establishment of several trends among the observed gamma-ray
pulsar properties playing a catalytic role on the current modeling of the high-energy emission
in pulsar magnetospheres. We judiciously use the guidance provided by the Fermi data
to yield meaningful constraints on the macroscopic parameters of our global dissipative
pulsar magnetosphere models. Our FIDO (Force-Free Inside, Dissipative Outside) models
indicate that the dissipative regions lie outside the light-cylinder near the equatorial current
sheet. Our models reproduce the light-curve phenomenology while a detailed comparison of
the model spectral properties with those observed by Fermi reveals the dependence of the
macroscopic conductivity parameter on the spin-down rate providing a unique insight for
the understanding of the physical mechanisms behind the high-energy emission in pulsar
magnetospheres. Finally, we are also in the unique position to exploit further these important
results by building self-consistent 3D global kinetic particle-in-cell models which, eventually,
provide the dependence of the macroscopic parameter behavior (e.g. conductivity) of both
young and millisecond pulsars on the microphysical properties (e.g. particle multiplicities,
particle injection rates).

35. Thermal absorption in gigahertz-peaked spectra pulsars

Janusz Gil Institute of Astronomy, University of Zielona Gora

Kijak, Jaroslaw

Recently we identified Gigahertz-peaked spectra (GPS) behaviour for several pulsars in our
radio interferometric observations at low frequencies using the Giant Metrewave Radio
Telescope. This brings the total number of GPS pulsars to 25. We modeled the turnover
spectra based on the hypothesis of thermal free-free absorption in the interstellar medium.
Using the model, we were able to put some observational constrains on the physical
parameters of the absorbing matter, which allows us to distinguish between the possible
sources of absorption. We also discuss the possible efects of the existence of GPS pulsars on
future search surveys for pulsars and radio-magnetars.
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36. Luminosity of synchrotron radiation in pulsar magnetospheres

Aoyama Gakuin University

Kisaka, Shota

Synchrotron radiation is widely considered to be the origin of the pulsed non-thermal
emissions from rotation-powered pulsars in optical and X-ray bands. The observed X-ray
and optical emissions provide the energy flux of secondary particles created from curvature
photons emitted by primary particles in the magnetosphere. Since gamma-ray, X-ray, and
optical emitting particles are related through a pair cascade process, their flux ratios are
useful to understand the pair cascade process in the magnetosphere.
We study the synchrotron radiation emitted by the created electron and positron pairs in the
pulsar magnetosphere to constrain the energy conversion efficiency from the Poynting flux
to the particle energy flux. We model two pair creation processes, two-photon collision and
magnetic pair creation. Using the analytical model, we derive the maximum synchrotron
luminosity. The synchrotron luminosity is proportional to the energy conversion efficiency
for all models. From the comparison with observations, we find that the energy conversion
efficiency to the accelerated particles should be an order of unity to explain the observed
luminosities, even though we make a number of the optimistic assumptions to enlarge
the synchrotron luminosity. The obtained maximum luminosity would be useful to select
observational targets in X-ray and optical bands.

37. Evolution of a neutron star’s magnetic inclination angle through internal dissipation

CAMK, Warsaw

Lander, Samuel

The magnetic inclination angle of a neutron star – the angle between its rotational and
magnetic axes – is an important quantity, affecting its observed emission and having
implications for its long-term evolution. Despite this, modelling of neutron-star interiors
almost always assumes the star to be an aligned rotator. We describe how to account for the
effect of misalignment on the dynamics of rotating magnetic stars, and how this can lead to
bulk motion which resembles free precession, supported by additional fluid motions within
the star. We outline the complex second-order perturbation problem required to solve for
these motions consistently. As these perturbations dissipate, they naturally tend to drive the
star into becoming either an aligned or orthogonal rotator. We discuss how this process could
happen rapidly at the birth of a magnetar, or slowly in a pulsar, in which elastic stresses in
the crust inhibit changes in the inclination angle. If this process is responsible for the
observed change in inclination angle in the Crab pulsar, it gives us a valuable means of
understanding its internal field configuration.

38. Is “anomalous scattering" typical for pulsars?

Janusz Gil Institute of Astronomy, University of Zielona Góra

Lewandowski, Wojciech

The study of interstellar scattering is one of the most important tools in our research of the
magneto-ionic properties of interstellar medium. Here we present the results of our research
on one of the aspects of these studies, namely the pulse broadening frequency dependence.
We analysed multi-frequency scatter time estimates for the largest sample of about 80 pulsars.
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Our results clearly indicate, that the spectral evolution of pulse broadening deviates from the
theoretical predictions (based on simple scattering models) for a large number of sources.
Additionally (and contrary to what earlier studies suggested) the deviations can happen
regardless of the pulsar’s dispersion measure. Hence our conclusion is that the appearance of
“anomalous scattering" proposed by several studies in the past is actually quite normal for a
large subset of the pulsar population. This is an important information in our research of the
structure and properties of ionized interstellar medium, and the inclusion of these data will
be crucial for the future models of electron density distribution in the Milky Way galaxy.

39. New EOSs for supramassive quark stars

Xiamen University

Li, Ang

Binary neutron star (NS) mergers with their subsequent fast-rotating supramassive magnetars
are one attractive interpretation for at least some short gamma-ray bursts (SGRBs), based
on the internal plateau commonly observed in the early X-ray afterglow. The rapid decay
phase in this scenario signifies the epoch when the star collapses to a black hole after it
spins down, and could effectively shed light on the underlying unclear equation of state
(EOS) of dense matter. In the present work, we confront the protomagnetar masses of the
internal plateau sample from representative EOS models, with the one independently from
the observed galactic NS-NS binary, aiming to contribute new compact star EOSs from
SGRB observations. For this purpose, we employ various EOSs covering a wide range of
maximum mass for both NSs and quark stars (QSs), and in the same time satisfying the recent
observational constraints of the two massive pulsars whose masses are precisely measured
(around 2M�). We first illustrate that how well the underlying EOS would reconcile with
the current posterior mass distribution, is largely determined by the static maximum mass
of that EOS. We then construct 3 new postmerger QS EOSs (PMQS1, PMQS2, PMQS3),
respecting fully the observed distribution. We also provide easy-to-use parameterizations
for both the EOSs and the corresponding maximum gravitational masses of rotating stars.
In addition, we calculate the fractions of postmerger products for each EOS, and discuss
potential consequences for the magnetar-powered kilonova model.

40. Measuring the frequency second derivative in high-precision pulsar timing

University of Manchester

Liu, Xiaojin

Pulsar timing provides an excellent method to measure the spin characteristics of the pulsar.
Currently, major timing efforts on millisecond pulsars consider only the spin frequency and
the first frequency derivative. With the increasing of the timing span and the improving of
the timing precision, ignoring the second frequency derivative may cause noticeable timing
errors. In this talk, I will firstly talk about the different contributions to the second frequency
derivative, highlighting the influences from the intrinsic spin-down, the radial velocity of the
pulsar and the Galactic potential. After that, I will deliver the measurement uncertainty of
the second frequency derivative for a given observation plan and demonstrate the usefulness
via simulations. Finally, I will discuss some of the millisecond pulsars that are possible to
make their second frequency derivative detected.
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41. Towards understanding the ISM turbulence using pulsars

Radio Astronomy Centre, NCRA-TIFR, Ooty, India

MA, Krishnakumar

The investigation of the turbulence characteristics of the ionized Inter-stellar medium (ISM)
along lines of sight to pulsars is important for an understanding of the ISM as well as for
disentangling the effects of ISM in the detection of Gravitational Waves. There are different
ways to probe the turbulent ISM, viz., scintillation and pulse scatter broadening. In this work,
we present our studies on scatter broadening of a large sample of pulsars, observed for this
purpose to-date. We carried out a large survey of scatter broadening measurements at 327
MHz using the Ooty Radio Telescope (ORT) as well as multi-frequency observations with the
upgraded Giant Meterwave Radio Telescope (GMRT). A total of 124 pulsars were observed at
the ORT and their scatter broadening times were estimated. The results show that in general,
the ISM up to about 3 kpc seems to follow a Kolmogorov type of turbulence (Krishnakumar
et al. 2015). In a follow up study, we employed multiple low frequency receivers at GMRT
to measure the frequency scaling index of scatter broadening. We could measure alpha
for a set of 39 pulsars, of which 31 are completely new, resulting in a 50% increase in the
availability of all such measurements. This enhanced sample suggests that almost 65% of the
pulsars show a flatter alpha (α < 4.4) and a large value of scattering strength. An increase
in scattering strength is observed with the distance to the pulsar (Krishnakumar et al. 2017,
under review). With the upgradation of GMRT, it is now possible to study in-band evolution
of scatter broadening over a large bandwidth at low frequencies. We have exploited this
new capability of uGMRT to observe about 30 carefully selected pulsars. A subset of these
pulsars were very high DM ones (DM > 500 pc cm−3) and the rest were low DM (DM < 250
pc cm−3) ones. For the high DM pulsars, we used the L-band wideband receiver (bandwidth
: 400 MHz) and for the rest, P-band receiver (bandwidth : 200 MHz). We also used P-band
of uGMRT to characterize the scattering strength across the Gum nebula and to model its
turbulence characteristics. This effort by our group will increase the total number of pulsars
for which the alpha measurements are known to more than 150. This is work in progress
and we will be presenting results from our published as well as ongoing investigations and
discuss their implications for ISM.

42. A precise treatment of the sub-pulse phase and its effects on observables

ASTRON, Netherlands Institute for Radio Astronomy

Maan, Yogesh

A considerable fraction of pulsars exhibit a systematic modulation of intensity within
individual pulses. The modulation appearing in the form of single pulse components, i.e.,
sub-pulses, generally drifts in pulsar’s rotation phase from pulse-to-pulse. This fascinating
phenomenon, called sub-pulse drifting, has been regarded as one of the most insightful
aspects of the pulsar radio emission. The phenomenon is generally attributed to the presence
of a system of emission sub-beams rotating around the magnetic axis stemmed from a
carousel of ‘sparks’ near the pulsar surface (the carousel model; Ruderman and Sutherland
1975). The sub-pulse modulation phase is an important observable which has been used in
several studies, e.g., constraining the circulation period of the carousel, mapping the
underlying emission patterns, and even in examining the carousel model or its subsequent
variants. However, the current formulation does not include the emission height (and hence
the observing frequency) dependent variations in the sub-pulse modulation phase and the
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corresponding impacts on the other observable quantities. I will present a precise treatment
of the frequency-dependent sub-pulse modulation phase that should be used in sub-pulse
drifting related studies. The natural consequences of this precise treatment on various
observables (e.g., the sub-pulse separation period P2), their evolution with the rotational
phase and the observing frequency, and the related scope in disentangling the otherwise
unavoidable aliasing issue of the sub-pulse modulation period (P3) will also be shown.

43. Mode-switching and giant pulses in the Black Widow pulsar

University of Toronto

Mahajan, Nikhil

We have made a first detection of mode-switching in a millisecond pulsar. In PSR B1957+20,
the Black Widow Pulsar, we find radio pulse emission switching between emission modes
(with changes in polarization profiles) with each mode lasting an average of 1.5 seconds.
Additionally, we also detect giant pulses in this pulsar. A specific population of these giant
pulses seem to be strongly correlated with the mode-switching. This correlation suggests
that the emission mechanisms that lead to mode-switching and giant pulses are related
and understanding this relationship can help us better understand the nature of radio pulse
emission in pulsars.

44. Transitional Radio Pulsar PSR J1119−6127

JPL, Caltech

Majid, Walid

We present results from a high frequency radio monitoring campaign of the high magnetic
field pulsar PSR J1119−6127 with the 70 m Deep Space Network antenna (DSS-43) in
Canberra, Australia, following recently reported magnetar-like activity. Dramatic pulsed
radio emission variability was observed over several months at S-band (2.3 GHz) and X-band
(8.4 GHz) after an initial disappearance of radio pulsations. We have observed variability
in spectral index, pulse shape, and polarization modes of the pulsar during this monitoring
period. PSR J1119−6127 is clearly a transition object, i.e. a high-magnetic field neutron
star that is normally a rotation powered pulsar in radio and X-rays, but also shows transient
magnetar-like behavior, i.e. behavior unlikely to be powered solely by rotation, but also
by release of stored magnetic energy. We will discuss recent results and implications for
understanding the emission behavior of high magnetic field pulsars.

45. PAFINDER

Jodrell Bank Centre for Astrophysics

Malenta, Mateusz

One of the main problems with detecting FRBs is the survey speed and ability to accurately
localise the events. These can be overcome with the use of Phased Array Feeds instead
of the standard, feed-horn based receivers. One such system, capable of creating up to 36
simultaneous beams, is currently being commissioned at the Effelsberg radio telescope in
Germany following the testing using the 64-m Parkes Radio Telescope. The requirement to
process up to 36 six beams in near real-time is computationally challenging. The PAFINDER
(Phased Array Feed FRB Finder) pipeline has been designed with these challenges in mind.
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It is making use of the newest developments in the GPU processing in order to meet these
demands. The core components of the pipeline will also allow for different scientific
projects, including pulsar surveys and timing, to be built around it, providing a wide range of
possibilities for the pulsar community.

46. Machine Learning for Radio Transient Detection

University of Oxford
McFadden, Rebecca

The next generation of radio telescopes will have unprecedented sensitivity and
time-resolution offering exciting new capabilities in time-domain science. However, this will
result in very large numbers of potential pulsar and transient event candidates and the
associated data rates will be technically challenging in terms of data storage and signal
processing. Automated detection and classification techniques are therefore required and
must be optimized to allow high-throughput data processing in real time. We provide an
overview of the main pulsar detection pipeline currently in use and a summary of the
emerging machine learning techniques being applied to this problem.

47. LEAP: The Large European Array for Pulsars – Overview and Update

Max Planck Institute for Radio Astronomy
McKee, James

To achieve the highest-possible timing precision, the five individual telescopes of the
European Pulsar Timing Array operate simultaneously in monthly observing campaigns as
the Large European Array for Pulsars (LEAP). LEAP aims to coherently combine the signals
from the individual telescopes, forming a tied-array telescope with sensitivity equivalent to
that of a single, fully-steerable, 195-m dish. I will describe the experimental design of LEAP,
give an overview of the LEAP projects and an update on the current observing campaign,
and discuss future prospects of the experiment.

48. Mapping emission regions in pulsar magnetospheres: simultaneous observations
of subpulse drifting with the MWA and the GMRT

ICRAR (Curtin)
McSweeney, Samuel

Simultaneous observations of single pulses at multiple frequencies offer unique insights
into the physical properties of a pulsar’s magnetosphere. Here we present observational
results of our simultaneously recorded data of PSR J0034−0721 (B0031−07) with the MWA
(∼ 185 MHz) and the GMRT (∼ 610 MHz). The pulsar is known to switch between three
distinct drift modes, interspersed with long duration nulling. The analysis reveals evidence
for frequency-dependent behaviour of drift band properties which are also “mode dependent".
Our results confirm the known frequency dependence of a phase shift in pulse window that
depends on the drift mode. We also find clear evidence for frequency dependent phase shifts
of individual drift bands, which has not been reported previously. This enables us to measure
the delay (∼ms) between the times of emission at different frequencies. We interpret our
results in terms of constraints on the pulsar’s emission geometry and the structure of the
magnetosphere.
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49. PSG Model and Complicity Parameter: Theory and Observations

J.Gil Institute of Astronomy, University of Zielona Gora

Melikidze, George

According to the PSG model the pulsar radio emission is generated in the plasma clouds
created via sparking discharge on the polar cap which is dominated by the crust anchored
surface magnetic field. Thus, we believe that the most observed features of radio pulses can
be interpreted in the frame of this model. Here we reconsider the conclusions followed from
the observations that show the presence of a lower boundary of profile widths (as well as
the specific profile components) when distributed along the pulsar period (P). The boundary
line has a P−0.5 dependence and is associated with the last open field lines of the dipolar
magnetosphere. We have studied the profile component widths of 123 pulsars observed in
the Meterwavelength Single-pulse Polarimetric Emission Survey at 333 and 618 MHz. The
widths are divided into core and conal classes and in each class a P−0.5 dependence occurs
with identical lower boundary for both. Such a dependence does not arise simply due to the
presence of dipolar field lines but, it might be expected if we assume that the actual polar
cap in pulsars is governed by multipolar fields and is largely independent of the pulsar spin
parameters (like P, Ṗ etc.). However, the emission region is governed by the dipolar field
lines which are directly linked to the spin parameters (e.g. the area of the dipolar polar cap,
Ad p ∝ P−1.0). In such a scenario it is possible to assume that the number of sparks (in the
multipolar polar cap) remain constant for some range of the spin parameters. Therefore, when
the sparks transit to the region governed by dipolar field lines the implicit P−0.5dependence
gets transferred to the transverse scales of the plasma clouds. The number of sparks, as it was
defined earlier, depended on the complexity parameter, which was calculated for the dipolar
polar cap. Here we have revised the complexity parameter for the actual polar cap and find
out that we are able to explain the component width behaviour as well as predict the number
of profile components.

50. Spectral Flattening of Crab Giant Pulses at Low Frequencies

ICRAR - Curtin

Meyers, Bradley

The Crab pulsar (PSR J0534+2200) sporadically emits bright (brightness temperatures
> 1030 K), intrinsically short-duration (∼ 1 ns) giant pulses. The frequency dependence of
normal pulsar radio emission is generally observed to be a power-law, with indications of a
flattening or turnover at low frequencies (< 100 MHz) in some pulsars. The spectrum of giant
pulse emission, in general, has not been examined as closely. To study the spectral behaviour
of Crab giant pulses, we conducted simultaneous wideband observations of the Crab pulsar
with the Parkes radio telescope and the Murchison Widefield Array (MWA). Our analysis
shows that the mean spectral index of Crab giant pulses flattens at low frequencies, from
−2.6± 0.5 between the Parkes bands, to −0.7± 1.4 between the lowest MWA subbands.
There is currently no theoretical description that explicitly predicts this flattening.

51. 1,000,000 Giant Pulses from the Crab Pulsar

University of Manchester

Mickaliger, Mitch



70 Posters

The Crab pulsar was first detected soon after the discovery of pulsars, and has long been
studied for its unique traits. One of these traits, giant pulses that can be upwards of 1000
times brighter than the average pulse, was key to the Crab’s initial detection. Giant pulses
(GPs) are only seen in a few pulsars, and their energy distributions distinguish them from
normal pulsed emission. There have been many studies over a period of decades to measure
the power-law slope of these energy distributions, which provide insight into the possible
emission mechanism of these GPs.
The 42-foot telescope at Jodrell Bank Observatory monitors the Crab pulsar on a daily
basis. We have single-pulse data dating back to 2012, containing roughly 1,000,000 GPs,
the largest sample of Crab GPs to date. This large set of GPs allows us to do a range of
science, including pulse-width studies and in-depth studies of GP energy distributions. The
latter are particularly interesting, as close inspection of the high-energy tail of the energy
distribution allow us to investigate the detectability of extragalactic giant-pulsing pulsars.
Also, by calculating rates from these energy distributions, we may be able to shed light on a
possible link between Fast Radio Bursts and GPs.

52. Extragalactic pulsar searches in nearby galaxies with LOFAR: M31, M33, M81, M82

Anton Pannekoek Institute for Astronomy

Mikhailov, Klim

The extragalactic pulsar population is known only to kpc distances, within the Large and the
Small Magellanic Clouds. Further galaxies in the Local Group and beyond that have shapes
and compositions similar to our Galaxy may harbour similar pulsar populations. Extragalactic
pulsar searches can provide more knowledge about the star formation and population in
other galaxies, and also better probe the intergalactic medium. Besides, such searches can
potentially reveal more fast radio bursts, the extragalactic radio transients supposedly hosted
by distant galaxies. As the pulsar flux rapidly decreases with increasing distance squared,
most sensitive searches are done toward galaxies that are nearby. At the same time, the flux
of most Galactic pulsars peaks around 150 – 200 MHz suggesting more searches are done
most efficiently at low frequencies, despite the increase in the detrimental scattering and
dispersion smearing effects. We performed three 4-hr LOFAR observations in search of radio
pulsations in four nearby galaxies M31, M33, M81, and M82. As the LOFAR Core is unable,
at best by a factor of a few, to detect the galactic pulsar population if placed at the distance to
these galaxies, we focused on the more luminous single, Crab-like giant pulses. We built
up the normalized flux density distribution of Crab pulses at LOFAR frequencies. Based on
our understanding of the power law tail of this giant pulse distribution, we conclude nearby
galaxies do not host more than one Crab-like pulsar.

53. The Extent and Observable Properties of Nuclear Pasta in Neutron Star Crusts

Texas A&M University-Commerce

Newton, William

A layer of nuclear soft condensed matter called nuclear pasta is predicted to mediate the
crust-core transition in neutron stars. We present detailed 3D quantum calculations of nuclear
pasta in neutron star crusts and proto-neutron stars. We find that nuclear pasta occurs at lower
densities than predicted in semi-classical or classical models, and we predict that over 50%
of the mass of a neutron star crust is taken up by nuclear pasta independent of uncertainties in
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the nuclear equation of state. We show that nuclear pasta likely co-exists with spherical nuclei
at the lowest densities, and that multiple phases of pasta likely coexist at higher densities.
We explore a number of consequences for observables. As a proto-neutron star cools,
nuclear pasta tends to keep the outer layers of the star hotter for longer, resulting in an
observable imprint on the late-time neutrino signal from supernovae. When the neutron star
crust condenses, pasta likely forms microscopic domains characterized by different nuclear
geometries, enhancing the disorder of the inner crust and contributing to an observable signal
in the cooling of older accreting neutron stars in quiescence.

54. Blind Search Methods for Binary Gamma-ray Pulsars

Albert Einstein Institute

Nieder, Lars

Gamma-ray observations by the Fermi Large Area Telescope have been used very successfully
in the last 9 years to detect more than 200 gamma-ray pulsars. 60 of these have been found
by directly searching for pulsations in the gamma-ray data, but only one binary MSP has
been found this way. Pulsars in binaries are often difficult to detect in radio data because
of large eclipses, and some binary MSPs may even be radio quiet. For those, a gamma-ray
blind search might be the only possibility for detection. While searches for isolated pulsars
up to kilohertz frequencies are already computationally very challenging, blind searches for
binary gamma-ray pulsars are simply infeasible without further knowledge of their orbital
parameters. I will present methods with which we can conduct searches for candidate binary
gamma-ray pulsars for which orbital constraints are known from optical observations of a
likely companion star. I will also highlight some example sources where these methods have
been used. Additionally, some redback MSPs can be more easily timed in gamma rays than
with radio observations; I will also explain how these new methods can be used to do so.

55. High Time Resolution Astronomical Polarimetry with the Galway Astronomical
Stoke Polarimeter

Centre for Astronomy, NUI Galway

O’Connor, Eoin

The Galway Astronomical Stokes Polarimeter (GASP) is a high time resolution, full- Stokes
imaging polarimeter which utilises a Fresnel rhomb prism as a beam-splitter and quarter
wave retarder. The ability to perform optical photometry and polarimetry at high framerates
enables more detailed studies of a multitude of compact objects including; optical pulsars,
magnetars and Active Galactic Nuclei (AGN). We present a brief discussion of the
instrument’s current capabilities and hardware design. GASP is currently configured with
two Electron Multiplying Charge-Coupled Devices (EMCCDs), which offer sub-millisecond
frame readout speeds over a defined region of interest on the sensor. We will be report results
from an observational campaign at the William Herschel Telescope (WHT) in December,
2015. During this campaign GASP was used to study the Crab Pulsar, V404 Cygni and
polarisation standards. As a subset of our analysis we have identified a significant
contribution from the Interstellar Medium (ISM) and the interaction of a varying, polarised
source with the ISM and the subsequent conversion of linearly polarised light to circular and
its dependence on the angle of the source emission electric field orientation. Further to the
presentation of results we will discuss future observational work which is planned for
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September, 2017 and subsequent improvements to increase the temporal resolution of the
detectors.

56. Last results from the Nançay pulsar survey SPAN512

LPC2E

Octau, Franck

After successful detections of new millisecond pulsars in Fermi LAT unassociated sources at
Nançay, a blind pulsar survey was initiated in 2012 by G. Desvignes (MPIfR). Conducted
at 1.4 GHz with short sampling time and narrow frequency channels, the SPAN512 was
designed to find fast and distant pulsars within the Galactic plane (Desvignes et al, Proc. of
the IAU, vol 291, 375, 2013). I will describe the current status of the survey and present
the latest discovery, PSR J2055+38, a 2.08 ms pulsar in a black widow system (Octau et al,
Proc. of the Annual meeting of the SF2A, pages 61 – 64, 2016). It will be the opportunity to
describe eclipses occurring in this system when pulsar radio beams cross clouds of ionized
material lost by the companion star.

57. Multi-messenger follow-up of FRBs from ALERT

ASTRON / University of Amsterdam

Oostrum, Leon

Fast radio bursts (FRBs) were first detected a decade ago. As of 2017, two dozen have been
found, however there are still more models than detected bursts. Many of these models
suggest FRBs originate at young neutron stars. To test this hypothesis, multi-wavelength
follow-up of FRBs is key as different models predict different counterparts across the
electromagnetic band. A system capable of providing rapid localization and triggers for
follow-up is currently being build at Westerbork. The Apertif upgrade to 12 of the array
telescopes has equipped them with phased array feeds operating at 1.4 GHz. The ALERT
(Apertif LOFAR exploration of the Radio Transient Sky) survey will make use of this new
system to search for fast radio transients over a large instantaneous field of view in real-time,
providing arcminute localization. A triggered detection with LOFAR could further refine
this to the arcsecond scales required for determining the host galaxies of these FRB-emitting
pulsars. I will give an overview of our current follow-up strategy, which involves multiple
telescopes spanning the whole electromagnetic spectrum as well as multi-messenger detectors.

58. Gravitational wave emission from neutron stars

University of Southampton

Osborne, Emma

Millisecond pulsars are believed to develop their high spin rate through accretion in low
mass X-ray binary (LMXB) systems. However, many LMXBs are spinning within a narrow
frequency range, considerably lower than the neutron star break-up frequency. Gravitational
wave emission might account for this observed maximum spin cap. For an isolated neutron
star to emit gravitational waves, it must deform from its axial symmetry to produce a
time-varying gravitational field. One way this can occur is through the development of a
misaligned quadrupole moment. A quadrupole moment or ‘mountain’ can develop if
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temperature asymmetries exist in a neutron star crust. We are investigating how temperature
asymmetries can develop through deep crustal heating via accretion, how long these
temperature asymmetries exist for and the role the magnetic field plays in the thermal
conductivity of the crust.

59. A Search for Long-Period Pulsars with a Fast-Folding Algorithm in the PALFA
Survey

McGill University
Parent, Emilie

The PALFA survey, the most sensitive search for radio pulsars, is ongoing at the Arecibo
Observatory in Puerto Rico. The survey has now discovered more than 170 pulsars in the
Galactic Plane, and the vast majority of these pulsars have periods shorter than 2 seconds.
One reason that pulsar surveys may miss long-period radio pulsars is the strong effect of red
noise at low modulation frequencies. It is possible to address this reduction in sensitivity by
using a Fast-Folding Algorithm (FFA), a time-domain search technique that has the advantage
of coherently summing all harmonics of a given frequency. The FFA, first introduced by
Staelin (1969), has been implemented by scientists at Berkeley to look for transients in
Kepler data. We have adapted this algorithm for radio pulsar searching and applied it to
PALFA observations. A description of the FFA and its importance for pulsar searching will
be be discussed in this talk, along with preliminary results from its implementation in the
data analysis pipeline of the PALFA survey. A sensitivity analysis of the algorithm has been
conducted using synthetic pulsar signals injected in real observational data and this study
shows that the FFA improves the PALFA survey sensitivity, as reported in Lazarus et al.,
2015, by at least a factor of 2 at periods of 10 seconds, implying that the PALFA survey
should discover more long-period radio pulsars in the future.

60. A unified model of supernova explosion driven by magnetic monopoles

Nanjung University
Peng, Qiuhe

Making use of the idea that the nucleons may decay induced by magnetic monopoles
(Rubakov-Callen effect) and estimating the space flux of magnetic monopoles, we propose
a unified model for various kinds of core collapsed supernovae explosion, including SNII,
SNIb, SNIc, SLSN and the production mechanism for γ-ray burst. Besides, both problems
the heat source for the molten interior of the core of the Earth and the puzzling problem
of the cooling for white dwarfs also may be solved by the unified model. This unified
model can also be used to reasonably explain the possible association of the shot γ-ray burst
detected by the Fermi γ-ray Burst Monitoring Satellite (GBM) with the September 2015
LIGO gravitational wave event GW150914.

61. Galactic center survey with the multi-feed S-band receiver at the Sardinia Radio
Telescope

INAF - Osservatorio Astronomico di Cagliari
Perrodin, Delphine

We discuss past results and future prospects for pulsar timing and searching at the Sardinia
Radio Telescope (SRT). We discuss the role that SRT plays in the search for gravitational
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wave detection, as part of the European Pulsar Timing Array and the Large European Array
for Pulsars. We also discuss future prospects for pulsar searches, specifically in the Galactic
Center, thanks to a new 7-feed S-band receiver. We discuss the technology and science
prospects associated with this new receiver.

62. A multi-wavelength pipeline for pulsar searches

INAF - Osservatorio Astronomico di Cagliari

Pilia, Maura

We are developing a software to combine gamma-ray data from multiple telescopes with
the aim to cross calibrate different instruments, test their data quality and to allow the
confirmation of transient events. In particular, we present the first applications using pulsar
data from the AGILE and Fermi satellites and show how we solved the issues relative to
combining different datasets and rescaling the parameters of different telescopes. In this
way we extend the energy range observed by a single telescope and we can detect fainter
objects. As a second step, we apply the technique of pulsar gating to the imaging data of
the satellites combined, to look for pulsar wind nebulae. The same procedure is adopted
in the radio domain, using data from the Sardinia Radio Telescope (SRT). We aim to be
able to use similar techniques for multifrequency datasets spanning a large range of the
electromagnetic spectrum. We also present the work in progress to include the automatic
search for gamma-ray counterparts within the pipeline for pulsar search in radio.

63. Eclipse analysis of J1810+1744

University of Manchester

Polzin, Elliott

Black widows and redbacks are two classes of binary pulsar systems that can be identified by
characteristic irradiation, and possibly subsequent ablation, of the companion, which in many
cases results in the eclipsing of the pulsed radio emission for a portion of the orbits. These
systems provide the unique opportunity to investigate a variety of key processes that are yet
to be fully understood, such as the ablation of the binary companion and subsequent evolution
of the binary, the eclipse mechanism, and possible intra-binary shock regions between the
pulsar and companion. Here I will present a study of the eclipses of the black widow pulsar
J1810+1744 at low frequencies, where the eclipse mechanism is most pronounced. Utilising
the simultaneous dual beamforming and interferometric mode of LOFAR HBA, pulsar flux
variations throughout the orbit are compared for the two observing techniques to test for the
presence of scattering and absorption at eclipse orbital phases. Dispersion measure variations
are used as a sensitive probe into outermost edges of the eclipsing material surrounding the
companion star.

64. From Neutron Star Observables to the Equation of State

University of Arizona

Raithel, Carolyn

The increasing number and precision of neutron star mass, radius, and, in the near future,
moment of inertia measurements offer the possibility of precisely determining the neutron
star equation of state. One way to facilitate the mapping of observables to the equation



75

of state is through a parametric equation of state. In this talk, I will present an optimal
parametrization that we have developed and I will discuss how it can be used to infer equation
of state pressures from neutron star observations. I’ll also discuss how the observed compact
object mass distributions or a moment of inertia measurement can help pin down the dense
matter equation of state and the outcomes of massive star evolution.

65. FLAG: Commissioning and a survey for pulsars and fast transients

University of Manchester

Rajwade, Kaustubh

Phased Array Feed (PAF) technology is the next major advancement in radio astronomy in
terms of combining high sensitivity and large fields of view. The Focal L-band Array for
the Green Bank Telescope (FLAG) is one of the most sensitive PAFs developed so far. It
consists of 19 elements mounted on a prime focus dewar resulting in seven dual-polarization
beams on the sky. Its unprecedented system temperature of 25 K will lead to a 3 to 5 fold
increase in pulsar survey speeds as compared to contemporary single pixel feeds. Early
science observations were conducted in a recently concluded commissioning phase of the
FLAG where we clearly demonstrated its science capabilities. We observed a selection of
normal and millisecond pulsars and detected giant pulses from PSR B1937+21. I will present
the results from this commissioning run and the current status of the on-going pilot survey of
the high Galactic latitudes for pulsars and fast transients with FLAG.

66. The interpretation of broadband data from pulsars

Rhodes University

Rammala, Isabella

The aim of our project is to search for ways to best extract information on pulsar profiles
and the interstellar medium (ISM), using the wide frequency bands that are typical of radio
telescopes today. Pulsar profiles typically show a strong dependence on frequency. This
depends both on the intrinsic radio emission mechanism, and the interaction of the radio
waves with the ISM that lies between the pulsars and our detectors on Earth, due mostly
to the effects of dispersion and scattering. In this work, we make use of radio pulsar beam
models from the existing literature, to generate simulated pulse profiles, observed across
various bands (centre frequencies and bandwidths), for each beam model. For all the chosen
geometric parameters of the pulsar beam, observed in any frequency band, the simulated
profiles manifest a relative shift in phase in their observed components, as a result of the
intrinsic profile evolution. This relative shift in phase could be interpreted as an additional
component to the ISM induced dispersion measure (DM). This additional DM component
due to profile evolution is frequency dependent. We discuss the systematics introduced to
pulsar data due to this effect.

67. Exploring the Physical Conditions in Millisecond Pulsar Emission Regions

University of Vermont

Rankin, Joanna

The five-component profile of the 2.7-ms pulsar J0337+1715 appears to exhibit the best
example to date of a core/double-cone emission-beam structure in a millisecond pulsar (MSP).
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Moreover, three other MSPs, the Binary Pulsar B1913+16, B1953+29 and J1022+1001,
seem to exhibit core/single-cone profiles. This configuration is remarkable and important
because it has not been clear whether MSPs, with their relatively small magnetospheres
and magnetic field strengths, ever exhibit emission-beam configurations similar to those
of the slower pulsars. For J0337+1715 the light-cylinder radius is only 130 km and its
magnetic field only some 2×108 G. Among the slow pulsars, only a few show both cones
and the core in five-component profiles – most have one, two or the three beams – but these
exemplify the full complexity of pulsar beamforms. Particle currents along the magnetic
polar flux tube connect processes above the polar cap through the radio-emission region
to the light-cylinder and the external environment. In slow pulsars radio-emission heights
are typically about 500 km where the magnetic field is nearly dipolar, and estimates of the
physical conditions there point to emission below the plasma and cyclotron frequencies
from charged solitons radiating by the curvature process. These MSP emission heights
determined using aberration/retardation permit estimation of the magnetic field strength and
plasma density in the radio emission region. These show that both the plasma and cyclotron
frequencies here far exceed the emitted radio frequencies. This in turn shows that millisecond
pulsars operate physically in a manner that is very similar to the slower pulsars.

68. Understanding the Orientations of Pulsar Radiation and Supernova “Kicks"

University of Vermont

Rankin, Joanna

Two entwined problems have remained unresolved since pulsars were discovered 50 years
ago: the orientation of their polarized emission relative to the emitting magnetic field and
the direction of putative supernova “kicks" relative to their rotation axes. The rotational
orientation of most pulsars can be inferred only from the (“fiducial") polarization angle of
their radiation, when their beam points directly at the Earth and the emitting polar fluxtube
field is parallel to the rotation axis. Earlier studies have been unrevealing owing to the
admixture of different types of radiation (core and conal, two polarization modes), producing
both parallel and perpendicular alignments. In this study we analyze the some 50 pulsars
having three characteristics: core radiation beams, reliable absolute polarimetry, and accurate
proper motions. The “fiducial" polarization angle of the core emission, we then find, is
usually oriented perpendicular to the proper-motion direction on the sky. As the primary core
emission is polarized perpendicular to the projected magnetic field in Vela and other pulsars
where X-ray imaging reveals the orientation, this shows that the proper motions usually lie
parallel to the rotation axes on the sky. Two key physical consequences then follow: first, to
the extent that supernova “kicks" are responsible for pulsar proper motions, they are mostly
parallel to the rotation axis; and second that most pulsar radiation is heavily processed by
the magnetospheric plasma such that the lowest altitude “parent" core emission is polarized
perpendicular to the emitting field, propagating as the extraordinary (X) mode.

69. Inferring Pulsar Microstructure Timescales

University of Vermont

Rankin, Joanna

Bright single pulses of a group of pulsars with periods longer than 60 milliseconds, when
observed with time resolutions of tens of microseconds, show quasi-periodic intensity
structures at hundreds of microseconds (e.g. Craft, Comella Drake 1968), commonly known
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as microstructure. Microstructures have been observed across frequency (e.g. Rickett,
Hankins Cordes 1975; Ferguson Seiradakis 1978) which is strong evidence that they are
magnetospheric in origin and arise due to a coherent plasma process. However, exactly how
the microstructures are related to pulsar emission theory is yet to be understood.
One of the major difficulties in microstructure studies has been extracting microstructure
timescales from time series data for individual pulsars (see e.g. Popov et al 2002; Lange et al
1998). In this work, we report a method which we use to infer microstructure timescales. We
apply this to a large set of pulsars observed at P and L bands using the Arecibo Observatory
at about 59.5 microsecond time resolution.

70. X-BOsS: An open-source code for neutron star X-ray Burst Oscillation Simulation

Anton Pannekoek Institute for Astronomy
RILEY, THOMAS

The manifestation of X-ray emission from a neutron star whose surface layers are undergoing
thermonuclear fusion can be precisely simulated in the geometrical optics approximation via
ray-tracing on a general relativistic exterior spacetime manifold. If the photospheric radiation
fields of such stars are non-axisymmetric, rotational modulation induces observable harmonic
content (burst oscillations) in X-ray light-curves. X-BOsS is a (soon-to-be) open-sourced
Python package for efficient (OpenMP-parallelised) computation of such X-ray light-curves
on CPUs. The numerical routines of X-BOsS are written in C, are dependent on the GNU
Scientific Library, and are Unix source code compatible. The code is modular and naturally
extensible to modelling astrophysical systems belonging to a broader scope. The project will
soon be pushed to GitHub for future development, and will be freely available under the MIT
license.
X-BOsS is constituted by two distinct algorithms for numerical integration over the
(approximate) radiation field incident at the position a distant observer. In both approaches,
an (oblate) photosphere is treated as an embedded (2+1)-submanifold of an ambient
stationary axisymmetric spacetime (appropriate for slowly rotating compact stars) using
approximate universalities (see, e.g., Morsink et al. 2007; Yagi & Yunes, 2013; Bauboeck et
al. 2013). Rays are traced in the exterior domain. The ‘CellMesh’ algorithm exploits the
symmetries of a static spacetime; it discretises the stellar photosphere into a (moving) mesh
of cells occupied by relativistic radiating material. The CellMesh algorithm is based on
frameworks in the literature (Miller and Lamb, 1998; Poutanen and Gierlinski, 2003;
Morsink et al. 2007). The ‘PixelMesh’ algorithm requires only stationarity and
axisymmetry; it discretises an image plane into a curvilinear mesh of pixels through which
radiation propagates. It adapts to emission regions on small angular scales via an image
tracking algorithm which iteratively focusses by generating nested elliptical regions in which
to concentrate new rays. The PixelMesh algorithm is also based on existing frameworks (see,
e.g., Cadeau et al. 2007; Psaltis & Johannsen, 2012; Bauboeck et al. 2012; Psaltis & Ozel,
2014). Numerical convergence of the algorithms in the limit of a static ambient spacetime is
demonstrated.

71. Thermal Evolution of Old Neutron Stars

Astrophysics Institute Pontificia Universidad Catolica de Chile
Rodriguez, Luis

Passively cooling neutron stars (NSs) are expected to reach undetectably low temperatures
within less than 107 yr. However, likely thermal ultraviolet emission was observed from the
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Gyr-old millisecond pulsar PSR J0437−4715. On the other hand, a couple of mechanisms
proposed in the literature could keep NSs hot beyond the standard cooling time. Now, we
have three new observations of UV flux from HST, two for classical pulsars (CLPs) and one
more for millisecond pulsars (MSPs) kind. We found that rotochemical heating (Reisenegger,
1995) with modified Urca reaction predict CLPs surfaces temperatures consistents with
observations, but for the case of MSPs, where a superfluid component with a gap of the
order of ∆n = 0.1 Mev in the core is necessary to rise the temperatures at their respective
observations. When friction heating due Vortex Creep (Alpar et al, 1984) is characterized
with a value J = 1044 erg s for the excess of angular momentum, the predicted surface
temperatures agree with the observations for both regimes. In the regime of MSP, the
crustal heating (Gusakov, Kantor Reisenegger, 2015) due nuclear reactions in the crust can
maintain the stars enoughly hot till the point to been compatible with observations. Also, the
coexistence of this mechanism is also possible, predicting temperatures within the observed
range.

72. MeerTRAP: A real-time survey for pulsars and fast transients with MeerKAT

University of Manchester

Sanidas, Sotiris

In these 50 years since the discovery of the first pulsar, numerous surveys have been
undertaken by all major radio telescopes in the world aiming to probe their galactic
population. The result was to unveil the even richer observational manifestations of neutron
stars through the discovery of interesting binaries, intermittent pulsars and RRATs,
suggesting that a key characteristic for a successful survey of all classes of radio emitting
neutron stars is not only a sensitive instrument, but also extensive temporal sky coverage.
In this talk, I will present MeerTRAP, a commensal, real-time pulsar and fast transients survey
that will be conducted by MeerKAT. MeerTRAP will utilise the excellent sensitivity and
wide field of view afforded by the incoherent beam in combination with even more sensitive
tied-array beams to probe a range of source types. The large on sky time and multiple return
visits afforded by the commensal observing on the MeerKAT Legacy projects, allows one to
capture the highly variable source classes, take advantage of scintillation and also to catch
binary pulsars when their acceleration is at a minimum. MeerTRAP will therefore probe
pulsar search parameter space in a completely new way revealing many more examples of
interesting known source types, but with the potential to reveal new source classes too.

73. Monitoring Pulsars with a Phased Array Feed (PAF) Receiver

CSIRO Astronomy and Space Science - Parkes Observatory

Sarkissian, John

Since 2015 we have used a Phased Array Feed (PAF) receiver on the 12-metre antenna of
the Parkes Test-Bed Facility (PTF) to establish a program of regular timing observations
of the Vela pulsar. We have used these observations to investigate the stability of PAF
beam-weights over time, an important characteristic of these novel receiver systems. The
PTF was commissioned in 2009 as a test platform for CSIRO’s program of developing PAF
receiver technology, but its high availability is well suited to regular monitoring programs
requiring modest sensitivity, such as monitoring the Vela pulsar for timing glitches. The wide
field of view of the PAF also presents opportunities for monitoring Fast Radio Bursts (FRB).
We report the initial results of this work, including the detection of the Vela glitch event of
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12 December 2016, and explore the potential for developing the PAF capabilities for pulsar
timing and transient detection.

74. High Time Resolution Astrophysics on Next Generation Systems

University of Manchester

Scragg, Thomas

In August 2017 a new radio telescope was officially inaugurated at Kuntunse, located just
north of Accra in Ghana. Kuntunse is the first operational station in the nine country African
VLBI Network (AVN), a development led by SKA-South Africa, and is a vital part of the
effort to develop the SKA in Africa. Once it was recognised that Kuntunse could also be
used to study pulsars, and with support from the UK Newton Fund, the Jodrell Bank Centre
for Astrophysics proposed to develop a new pulsar timing system. We present some of the
key timing system design findings below together with an outline of the first pulsar detection
at Kuntunse.

75. On the patchiness of spectra of individual pulses of pulsars at low radio frequencies

University College London

Song, Xiaoxi

Radiation of pulsars can be detected across the whole electromagnetic spectrum, from the
lowest radio frequency of 10 MHz to the highest gamma-ray energy of 1.5 TeV. Studying
this broadband emission allows for a better understanding of the emission processes in the
pulsar magnetosphere, and eventually to shed light on the pulsar emission mechanism. With
many new low-frequency radio telescopes coming into operation (e.g. LOFAR, LWA, MWA)
in recent years, pulsars’ individual pulses can be studied in broader frequency band below
100 MHz in much more detail than was possible before. We used LOFAR low-frequency
data at frequency range 15 – 62 MHz to study anomalously intensive pulses, which were first
reported by Ulyanov et al. in 2006 in their observations of several nearby pulsars with UTR-2
radio telescope. The pulse spectra in many instances appear to be very patchy. We also found
several pulse sequences where emission patches drift upwards in frequency from pulse to
pulse in a regular fashion. We discuss whether these pulse sequences are pulsar-intrinsic, or
caused by propagation through the intervening medium or by other extrinsic factors. If not
due to pulsar emission itself, this observed alteration of pulse spectra severely affects true
pulse spectra and might hinder single-pulse studies at very low radio frequencies. Similar
phenomenon can also affect the analysis of single pulses from high-dispersion-measure
pulsars at higher radio frequencies, in particular Fast Radio Bursts.

76. Searching for young, hidden pulsars

Anton Pannekoek Institute, UvA

Straal, Samayra

Young pulsars, the most energetic of their kind, pump over 1036 ergs s−1 into their direct
environment. Initially, this dense supernova-remnant material blocks the radio signal, making
it difficult to find young pulsars. When the remnant finally expands and dilutes, the nebula
created by the pulsar wind can complicate detection. Still, finding young pulsars and their
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nebulae is key to understanding their characteristics, and formation mechanisms. In this talk
I will present my work on searching for young pulsars.
Highly energetic young pulsars are often surrounded by a pulsar wind nebula (PWN).
Searching for pulsars in PWNe is therefore a logical step. However, sometimes it might be
hard to identify an object as a PWN – an excellent example is HESS J1943+213, which was
compatible with either being a PWN or a BL Lac object. I will present our efforts in finding
the putative pulsar, how we concluded the BL Lac nature of the object and how this can be
used to distinguish between different origin scenarios for plausible HESS PWN candidates.
We next aimed to find young pulsars in 8 known and new supernova remnants and PWNe.
We used LOFAR to maximise sensitivity to pulsars with a steep spectral index, and with
wider low-frequency radio beams. Because of its large field-of-view we were also able to
completely search even the largest remnants. I will present how our non-detection place new,
stringent upper limits on the brightness of the putative pulsars in these 8 sources, and the
scenarios that explain their absence.
Some such scenarios involve the dispersion prevalent at low frequencies. I will present, from
our third paper, evidence that pulsars residing in PWNe show a DM excess. This finding
will impact not only the way in which a pulsar DM and PWN association lead to a reliable
distance, and hence the use of the PWN as pulsar calorimeter. It can also help understand the
local DM contributions to young pulsars powering Fast Radio Bursts.

77. ALFABURST: A commensal radio transient survey with ALFA

West Virginia University

Surnis, Mayuresh

Here, we introduce the ALFABURST radio transient survey, which is currently running in a
commensal mode with the ALFA receiver at Arecibo Observatory. We describe the initial
results with detections of single pulses from known pulsars and characterize the survey in
terms of expected FRB detection rates in the future. We also introduce GREENBURST, the
counterpart commensal back-end at the Green Bank Telescope.

78. Characteristics of drifting subpulses and physical conditions at the polar cap

ASTRON

Szary, Andrzej

Pulsar radio emission is generated at altitudes ∼ 500 km, where magnetic field is purely
dipolar. On the other hand, however, plasma responsible for radio emission is produced just
above the polar cap in the inner acceleration region. Therefore, studies of drifting subpulses
allow to study plasma behaviour just above the stellar surface. We present a model which
connects properties of radio emission with physical conditions at the polar cap. The model
allows to study the characteristics of surface magnetic field (e.g. strength and radius of
curvature), which is essential for plasma generation processes in the inner acceleration region.

79. Modeling the Effect of Kick Velocity during the Accretion Induced Collapse of White
Dwarfs on Binary Pulsars

Balqa Applied University-JORDAN

Taani, Ali
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The kick velocity which arises during the binary interaction plays an important role in
disruption or surviving the binary systems. This paper attempts to draw an evolutionary
connection of the long-period (Porb ≥ 2 d) millisecond pulsars (MSPs) with orbits of low
eccentricity (e ≤ 0.2). We propose that a kick velocity caused by dynamical effects of
asymmetric collapse imparted to the companion star through an accretion induced collapse
(AIC) of white dwarfs-that become unstable once they approach the Chandrasekhar limit-can
account for the differences in their orbital period distributions. Furthermore, in some cases,
an appropriate kick can disrupt the binary system and result in the birth of isolated MSPs.
Otherwise, the binary survives and an eccentric binary MSP is formed. In this case only
the binding energy equivalent (0.2M�) of mass is lost and the system remains intact in
a symmetric collapse. Consequently, the AIC decreases the mass of the neutron star and
increases the orbital period leading to orbit circularization. We present the results of our
model and discuss the possible implications for the binary MSPs in galactic disk and globular
clusters.

80. Pulsars as plasma machines: how dense the plasma in pulsar magnetosphere can be?

NASA Goddard Space Flight center

Timokhin, Andrey

It is widely agreed upon than pulsar activity is intimately connected to the copious generation
of electron-positron pairs in pulsar magnetosphere; a rapidly rotating neutron star is active as
a radio pulsar only as long as it can create pairs. The density of this pair plasma certainly
affects the emission mechanism, wave propagation in the magnetosphere as well as emission
properties of PWNe. I briefly overview recent progress in theoretical studies of pair creation
in pulsar magnetospheres and report on the results of pulsar pair cascades modeling based
on self-consistent numerical simulations. I show that the maximum pair plasma density
in pulsar magnetosphere under the most favorable conditions can not exceed a few ×105

Goldreich-Julian densities and discuss implication of this results for understanding of physics
of pulsars and PWNe.

81. Order parameters for the high-energy spectra of pulsars

ICREA & Institute of Space Sciences (IEEC-CSIC)

Torres, Diego F.

The Large Area Telescope onboard Fermi does a continuing survey of the sky that has
allowed discovering more than a hundred gamma-ray pulsars. The gamma-ray brightness
of some of these pulsars has allowed a precise determination of their spectra, some have
statistical errors as small as one percent. Curvature emission from particles accelerated in a
gap in the outer pulsar magnetosphere has long been thought of as the process behind this
gamma-ray emission. However, the phenomenological scenario that leads to the detection
of non-thermal radiation from pulsars from X-rays up is far from clear: From the set of all
gamma-ray pulsars known, only 8 show pulsations also at X-ray energies. On the contrary,
we know 9 pulsars that are only detected in X-rays, at a clearly non-thermal region and with
a spectral energy distribution that is steeply increasing in that band, lacking a counterpart at
higher energies. Questions arise:
• What are the control parameters behind this complex phenomenology?
• How can we interpret why a pulsar is visible at one and/or the other wavelength?
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• Why there is no detection of pulsed non-thermal X-ray emission (> 1 keV) from the
young PSR J1119−6127 (1.6 kyr), or PSR J1124−5916 (2.9 kyr), while we have Fermi
detections of both?
• Why, on the contrary, there is no GeV detection of pulsars as powerful as PSR

J0537−6910 (Lsd ∼ 4.8×1038 erg s−1) in gamma-rays, when it is clearly non-thermal
in X-rays?
• Is the lack of detection of GeV counterparts for X-ray pulsars intrinsic, or further

integration with Fermi or observations with more sensitive equipments will eventually
lead to detection?
• What process is behind the emission spectra? Is it the same at both energy ranges?
• Can one emission region cope with both X-ray and gamma-ray emission?
• Do we expect a population of pulsars with an spectral energy distribution peaking at

tens of MeV?
• What pulsars would conform such population if so?
• What does this imply for the planning of future missions in this energy range?
• Can observations in only one portion of the spectra (say, γ-rays) be used to predict

detectability on the other?
We shall present the results of a synchro-curvature multifrequency model, including 1D
particle propagation, for the magnetospheric emission of pulsars. This model is able to
reproduce all observed pulsar spectra, from X-rays to gamma-rays, and armed with it, we are
able to tackle all the questions posed above.

82. Low frequency pulsar polarimetry with the MWA

Curtin University

Tremblay, Steven

Studying the polarised properties of pulsars has a rich history of giving unique geometric
information about pulsars as well as probing theories of pulsar emission physics. Performing
such studies with the MWA has the attraction that the percentage of linear polarisation of
many pulsars increases as the observing frequency decreases. Here I will present the work
we’ve been doing in this regard including the non-trivial task of calibrating and verifying
an aperture array’s polarimetric response. We’ve compared these early results with those
at higher frequencies as well as preliminary comparison with data from comparable low
frequency instruments. I’ll conclude with a brief discussion of how these preliminary
polarimetry results compare our current theoretical understanding of pulsar emission physics
and geometry.

83. Millisecond pulsars as standards: timing, positioning and communication

Vrije Universiteit Brussel

Vidal, Clément

Millisecond pulsars (MSPs) have the potential to become a timing standard. Indeed, they
provide a parallel clock to terrestrial ones, are based on macroscopic neutron stars behavior
instead of quantum processes, and they will remain ticking longer than any clock we can
construct on Earth (Hobbs 2012). MSPs have also been shown to be useful for galactic
navigation, as they provide all the necessary ingredients for a passive galactic positioning
system. This is known in astronautics as X-ray pulsar-based navigation (XNAV, see e.g.
Sheikh et al. 2006; Becker, Bernhardt, and Jessner 2013). XNAV uses a time-of-arrival
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navigation method comparable to GPS, accurate down to about 100 meters. X-ray MSPs
thus promise to be a positioning and navigation standard for future navigation in the solar
system and in the galaxy.
If we assume that there are other civilisations in the galaxy, MSPs could be key in providing
metadata standards for any communication. On Earth, any letter or email contains metadata
information about where it comes from, where it goes, and when it was written. We can expect
that similar conventions exist for any potential galactic communication. Most messages
are likely to be galacto-tagged and pulsar-time-stamped by reference to MSPs. This simple
remark is constraining for SETI. Given any suspicious message we want to decode, the first
step becomes to attempt to decode not the message itself, but its metadata (Vidal 2017, sec.
6.5).
As with Earth’s GPS, timing standards have many more applications beyond navigation. A
similarly wide array of applications might hold at a galactic scale. In sum, MSPs are likely
to play a central role for the future of timing, navigation and maybe even communication
with extraterrestrial intelligence.

84. X-ray bounds on the r-mode amplitude in millisecond pulsars

Istanbul University

Vurgun, Eda

r-mode astro-seismology provides a unique way to study the internal composition of compact
stars. Due to their precise timing, recycled millisecond radio pulsars present a particularly
promising class of sources. Although their thermal properties are still poorly constrained,
X-ray data is very useful for astero-seismology since r-modes could strongly heat a star.
Using known and new upper bounds on the temperatures and luminosities of several non-
accreting millisecond pulsars we derive bounds on the r-mode amplitude as low as α . 10−8
and use them to constrain different scenarios for their internal composition. This allows us
constrain the amplitude of r-mode oscillations and thereby the internal composition of the
star. In this poster, we show the result of our works.

85. Modeling Non-thermal Emission from “Black Widow” and “Redback”
Millisecond Pulsar Binaries in the Rotation-Powered State

CSR NWU

Wadiasingh, Zorawar

Collaborators: Alice K. Harding, Christo Venter, Markus Böttcher, & Matthew G. Baring
Radio, optical and X-ray followup of unidentified Fermi sources has expanded the number
of known galactic-field “black widow" and “redback" millisecond pulsar binaries from four
to nearly 30. Several systems observed by Chandra, XMM, Suzaku, and NuSTAR exhibit
double-peaked X-ray orbital modulation. This is attributed to synchrotron emission from
electrons accelerated in an intrabinary shock and Doppler boosting by mildly relativistic
bulk flow along the shock. I discuss the general multi-wavelength phenomenology of
these systems focusing on their rotation-powered state. The structure of the orbital X-ray
light curves depend upon the binary inclination, shock geometry, and particle acceleration
distribution. In particular, the spatial variation along the shock of the underlying electron
power-law index yields energy-dependence in the shape of light curves motivating future
high-energy phase-resolved spectroscopic studies to probe the unknown physics of pulsar
winds and relativistic shock acceleration therein. I also briefly discuss stability of the shock
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to dynamical perturbations for redbacks and how observations of correlated X-ray/optical
variability may test self-regulatory stabilizing mechanisms.

86. RRAT studies with the e-MERLIN interferometer

University of Manchester

Walker, Charlie

The LOFT-e (LOcalisation of Fast Transients with e-MERLIN) digital backend is currently
under development at the Jodrell Bank Centre for Astrophysics to provide access to high
time-resolution data from e-MERLIN, the UK’s 7-telescope interferometer. Driven by e-
MERLIN’s sub-arcsecond positional accuracy, LOFT-e presents new opportunities for the
study of Rotating RAdio Transients (RRATs), a population of erratically pulsating neutron
stars which existence may complicate the reconciliation of core-collapse supernova rates
and the total birthrate of Galactic neutron stars. I will present the preliminary results of a
monitoring campaign aimed at obtaining accurate positions and thus determining timing
parameters of a set of RRATs.

87. PSRSALSA: an open-source pulsar data-analysis package
(https://github.com/weltevrede/psrsalsa)

University of Manchester

Weltevrede, Patrick

PSRSALSA is a versatile open-source pulsar data-analysis project, which allows among
other things various types of single-pulse and polarization analysis. Its usefulness is
demonstrated through the analysis of the radio pulsar B1839−04, which reveals the
extremely rare phenomenon of “bi-drifting" where the drift direction of subpulses is
systematically different in different pulse profile components. The strict phase-locking of the
modulation patterns of the two components over a timescale of at least years rules out many
theoretical explains for this phenomenon, including those specifically proposed in the
literature to explain bi-drifting.

88. Evidence for elliptical pulsar beams

University of Manchester

Wright, Geoff

There are two known examples of subpulse bi-drifting, an observational effect which
apparently contradicts the standard circular carousel model. We argue that this can be
explained by a radio beam in the form of a tilted elliptical carousel, and implies that oval
beams from pulsars may be common. The same effect may explain the widespread
observation of highly asymmetric pulsar profiles. However, this novel geometry presents an
interesting challenge for the physics of pulsars: is the emission driven by the polar cap, the
magnetosphere or even some external agent?
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89. Self-consistent numerical research for inhomogeneous chiral phase transition in
neutron stars

Chiba Institute of Technology

Yasutake, Nobutoshi

We present the possibility of inhomogeneous chiral phase transition in neutron stars. The
optimal inhomogeneous-structures are given by numerical simulations based on the
variational principle. We have checked our results are consistent with the analytical solutions
of the Gorkov-Bogoliubov-de Gennes equation in some cases. We also consider the another
type of inhomogeneous phase transition, which is the Coulomb crystalline, known as “pasta
structures". These structures may change not only the neutron star structures, e.g.
mass-radius relations, but also the Maxwell equation itself inside the stars because of the
anomaly effects.

90. Systematic analysis about the polarization in thermal radiations of magnetars

Waseda University

Yatabe, Akihiro

We calculated the polarization in soft X-rays emitted from magnetized neutron stars, which
are expected to be observed by the next-generation X-ray satellites. Magnetars are one of the
targets for these observations, since thermal radiations normally dominate over non-thermal
ones in the soft X-ray band and they are thought to be linearly polarized because of different
opacities for two polarization modes of photons in the magnetized atmosphere of neutron
star as well as owing to the dielectric properties of the vacuum in strong magnetic fields.
It is important to be able to compute polarization observable quantities systematically in
preparation to future observations. In their previous study, Taverna et al. (2015) considered
a similar problem but ignored possible conversions of photon’s polarization modes in the
atmosphere, which may reduce both the polarization fraction and cause the rotation of
the polarization angle. We computed polarization fractions in addition to the polarization
angles, paying an appropriate attention to the mode conversion and systematically changing
magnetic field strengths, radii of the emission region, temperature, mass and radii of neutron
stars. We confirmed that the mode conversion cannot be ignored indeed when the magnetic
field is relatively weak B . 1013G. The smaller the size of the emission region is, the
lower gets the threshold of magnetic field for the mode conversion to be important. It also
increases the phase-averaged polarization fraction at certain magnetic-field configurations.
The temperature, mass and radius of neutron star change the energy dependence of the mode
conversion although it is rather minor for realistic values of neutron stars. Our results indicate
that strongly magnetized (B& 1014G) neutron stars are suitable to detect polarizations but not-
so-strongly magnetized (B . 1013G) ones will be the ones to confirm the mode conversion.

91. Dependence of pulsar death line on the equation of state

Xinjiang astronomical observatory

Zhou, Xia

Pulsar death line can be defined in P− Ṗ diagram. Radio-loud pulsars are supposed to locate
above the death line which is the radio loud region. With the development of observational
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equipment, the observational properties of the neutron star are remarkably diverse. In P− Ṗ
diagram, some of the special sources are radio-quiet but lie above the death line. From the
definition of the pulsar death line, different the equation of states of the neutron star or strange
star results in different death lines. We discuss the influence of the equation of state on the
pulsar death line and the possible link of different neutron star groups. The results show that
the X-ray dim isolated neutron stars could be dead magnetars, central compact objects would
be small mass of self-bound strange stars and rotating radio transients might old pulsars on
the verge of death. PSR J2144−3933 is suggested to be a large mass pulsar, which would be
larger than 2.0M�. Multiple observational facts would help us to know the nature of pulsars.
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