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Preface

The international conference “Physics of Neutron Stars — 2014” in Saint-Petersburg
is the 10th event in the series after those in 1988, 1992, 1995, 1997, 1999, 2001, 2005,
2008, 2011. Its aim is to bring together physicists and astrophysicists working on
neutron stars and related problems all over the world. In 2014 the conference will
commemorate the 100th birthday of Yakov Borisovich Zel’dovich (1914-1987), the
famous Soviet physicist and astrophysicist.

The conference covers all major topics of observations and theory of neutron stars,
including rotation powered pulsars, pulsar emission mechanisms, pulsar wind nebulae,
magnetars, isolated cooling neutron stars, central compact objects, accreting X-ray
pulsars (particularly millisecond pulsars), neutron stars in low-mass X-ray binaries,
X-ray bursts, equation of state, structure and evolution of neutron stars, mechanisms
of supernova explosions and neutron star mergers. It is organized by loffe Institute
(St. Petersburg, Russia) and Sternberg Astronomical Institute (Moscow, Russia). The
official language of the Conference is English.
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Figure 1: Mass-radius relations for some
of the models studied here. The maxi-
mum mass is approximately the same for
all of them since they bear identical Ej.
The horizontal line marks the 1.25 Mg
critical value derived in [2].

Cadet 1, 30-084

For neutron star modelling we intro-
duce two sets of models with symmetry
energy functionals which at high baryon
densities differ in stiffness [1]. The sym-
metric part of the energy per baryon is the
same for all such models and is based on
the APR EoS. We test the behavior of the
symmetry energy by using a constraint on
the total baryon mass for a gravitational
mass of a 1.25 Mg neutron star. This con-
straint is the result of a study performed
by Kitaura et al. [2] on stellar explosions
of stars with an O-Ne-Mg core.

Extending this study by replacing the
energy for symmetric matter of the afore-
mentioned models we find the same quali-
tative results. As a result we derive a lin-
ear relation between the neutron star ra-

dius and its baryonic mass which turns out to be a potential constraint for neutron
star radius of the neutron star considered by Kitaura. Finally we discuss the role of
the DUrca cooling because it can be activated above a threshold on the proton content
which strongly depends on the symmetry energy [3, 4]. We present the favored models
and their corresponding effects on the radii of neutron stars, see Fig. 1.
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Neutron star glitches: is there a minimum size?
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Glitches are abrupt spin-up events, observed in the rotation of different classes of
neutron stars, from young rotationally powered pulsars, to RRATs and magnetars.
Most glitches are followed by a slow relaxation towards the pre-glitch spin frequency,
which provides a strong evidence for the existence of a neutron superfluid within neu-
tron stars. Such a component might not follow the spin down of the rest of the star
thus acting as an angular momentum reservoir. Glitches are thought to be sporadic,
rapid exchanges of angular momentum between this component and the crust, however
their trigger and the exact mechanism remain unexplained.

Knowledge of the glitch size distribution is critical to development and testing of
theoretical models, but it can be difficult to probe due to observational biases. We
present general glitch detectability limits, which can be used to adjust the monitoring
strategy for individual pulsars in order to reveal their underlying glitch size distribution.
Moreover, applying those limits on 29 years of daily observations of the Crab pulsar
and using an automated method developed to identify small rotational irregularities,
we uncover the full glitch size distribution for this source, with no biases.

The glitch size distribution in the Crab pulsar is consistent with a power-law, as it
is also the case for other glitching pulsars [1], but contrary to theoretical expectations
we observe a rapid decrease of the number of glitches below ~ 0.05 pHz which cannot
be ascribed to incompleteness of the sample. Such a substantial minimum size can
strongly constrain the trigger mechanism, since it implies that in a Crab pulsar glitch
at least several billions of superfluid vortices need to be involved.
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X-ray timing and spectral analysis of the old v-ray
pulsar J1836+5925
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PSR J1836+-5925 is a bright «-ray source with a long observational history in various
energy bands. Its radio-quietness, and non-detection of X-ray pulsations in previous
observations have hindered a detailed analysis of this source. At the characteristic age
of 1.83 Myr, it is one of the oldest non-recycled ~-ray pulsars known, making it a use-
ful object for understanding evolution of high-energy emission from rotation powered
pulsars. In our 80 ks XMM-Newton observation of this pulsar, we detected unam-
biguous 5.77 Hz pulsations, consistent with its known ~-ray ephemeris and assessed a
low X-ray pulsed fraction of ~ 0.34. In the 0.15 — 10 keV phase-integrated spectrum,
non-thermal emission with the photon index I' ~ 1.8 + 0.2 dominates above 0.7 keV,
whereas at lower energies, the spectrum requires a dominant kT = 6345 eV blackbody
or, alternatively, a 24 + 3 eV neutron star atmosphere model. We will also present the
phase-resolved analysis of the pulsar spectrum and phase-matched X-ray and ~-ray
pulse profiles. Finally, we will discuss the implications of our results for thermal and
magnetospheric emission of rotation powered pulsars.
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Towards radio pulsar evolution theory
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Pulsars are famous for their rotational stability. Most of them steadily slow down
having highly repetitive pulse shape. But some pulsars experience various timing irreg-
ularities such as nulling, intermittency, mode changing and timing noise. As changes
in pulse shape are often correlated with timing irregularities, precession is a possible
cause of these phenomena. Current numerical simulations [1] of pulsar magnetosphere
provide us with a good physically motivated model of pulsar evolution. Here we present
a study of pulsar precession according to this model.
Using the approach described in [2] we obtain geometrical parameters required to
reproduce the observed irregularities of the Crab pulsar [3] and of the pulsar B1828-11
[4]. Our results are fully consistent with independent studies of these parameters.
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Discovery of the third transient X-ray binary in the
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We report and study the outburst of a new transient X-ray binary in Terzan 5,
the third detected in this globular cluster, Terzan 5 X-3. We use multiple X-ray
instruments (Swift/BAT, MAXI/GSC, Chandra/ACIS, and Swift/XRT) to study this
outburst, particularly the spectral changes. We identify a Type I X-ray burst with
a long (16 s) decay time, indicative of hydrogen burning on the surface of a neutron
star (NS). We find clear spectral hardening during the rise of the outburst, from 103*
to 103 ergs/s, using Swift/XRT observations. This hardening appears to be due to
the decline in relative strength of a soft thermal component from the surface of the
neutron star, matching models of hot Comptonizing NS atmospheres. The inferred
long-term time-averaged mass accretion rate, from the quiescent thermal luminosity,
suggests that if this outburst is typical and only slow cooling processes are active in
the NS core, such outbursts should recur every ~10 years.
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Screening corrections to the elastic moduli of
neutron star crust

D.A. Baiko'*

offe Institute, St. Petersburg, Russia

Neutron star crust in a wide range of mass densities and temperatures is in a crystal
state. At a given density, the crystal is made of completely pressure ionized atomic
nuclei immersed into a charge compensating background of electrons. The electrons
are strongly degenerate and very energetic, and it is considered a good approximation
to treat them simply as a constant and uniform charge background (one-component
plasma model). However, in reality, electrons respond to the ion charge density, which
results in a screening effect. The screening strength can be characterized by the screen-
ing parameter krra, where kg is the Thomas-Fermi wavenumber and a is the Wigner-
Seitz radius. The screening is not very weak even in the inner neutron star crust, where
electrons are ultrarelativistic, and at the ion charge number Z = 40, krra ~ 0.63. In
the outer neutron star crust the screening parameter decreases with a decrease of 7
but increases with the decrease of the mass density (and the electron relativity degree).
Eventually (at sufficiently low density), it exceeds 1, and perturbative calculations
based on the one-component plasma model fail.

In this work we calculate screening contribution to all second order elastic moduli
of such a crystal with a body-centered cubic lattice. We treat electron screening per-
turbatively and compare the simple Thomas-Fermi model and the more realistic RPA
model of the relativistic electron gas response developed by Jancovici. In the latter
case we take into account the temperature dependence of the dielectric function. The
results are important for a quantitative description of global oscillation modes of the
neutron star crust.

This work was partially supported by RFBR (grant 14-02-00868) and by Rosnauka
(grant NSh 294.2014.2).
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The influence of small scale magnetic field on the
polar cap X-ray luminosity of old radio pulsars

A.T. Tsygan*, O.A. Goglichidze!, D. P Barsukov!?

offe Institute, St.Petersburg, Russia
2SPbSPU, St.Petersburg, Russia

The influence of small-scale magnetic field on the polar cap heating by reverse
positrons is considered. The reverse positron current is calculated in the framework of
rapid [1] and gradual [2] screening models. In the first model only a small area above
the inner gap contributes to the reverse positron current, so the reverse current is
about 1073 — 1072 of the primary electron current. In the case of the gradual screening
model all areas above the inner gap contribute to the reverse positron current [3], so
the reverse current achieves about 1072 — 107! of the primary electron current (and
in extreme case the two currents may become comparable). To calculate the electron-
positron pair production rate we take into account only the curvature radiation of
primary electrons and its absorption in the magnetic field. We use the polar cap model
with steady space charge limited electron flow.

It is shown that in the case of some old pulsars the model of gradual screening
predicts too strong polar cap heating and too large polar cap X-ray luminosity values
which exceed the total observed X-ray luminosity. But in the case of some other pulsars
the model of gradual screening seems more appropriate than the rapid screening model.

The work has been partly supported by the REBR (project 13-02-00112) and by
the State Program “Leading Scientific Schools of the Russian Federation” (grant NSh-
294.2014.2).
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Long-Term Evolution and X-ray Enhancement Of
Swift J1822.3-1606

O. Benli'*, S. Calgkan!?, U. Ertan'!, M. A. Alpar't, J. E. Triimper2Y, N. D. Kylafis?

!Sabanci University, Orhanli- Tuzla, Istanbul, 34956, Turkey

?Max-Planck-Institut fuer extraterrestrische Physik, Giessenbachstrase, 85740
Garching bei Muenchen, Germany

3Physics Department and Institute of Theoretical and Computational Physics,
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We simulate the long-term evolution of the recently discovered, second low-B mag-
netar, Swift J1822.3-1606 by using the fallback disk model. We show that the long
period (8.4 s) of the neutron star can be produced by the effect of the disk torques in
the long-term accretion phase (1 - 3 x10° years). The model curves that could repre-
sent the rotational properties (P, P) and the X-ray luminosity of Swift J1822.3-1606
constrain the strength of the magnetic dipole field to the range of 1 -2 x10'2 G on the
surface of the NS. We also investigate the recently observed X-ray enhancement light
curve of Swift J1822.3-1606. In a soft gamma burst epoch, the inner disk matter could
be pushed back to a larger radius forming a density gradient. We show that the subse-
quent relaxation of this pile-up matter could account for the X-ray enhancement light
curve of the source, with basic disk parameters similar to those employed to explain
the X-ray enhancement light curves of other AXPs and SGRs.

We show that the long-term evolution and the short-term X-ray enhancement of
Swift J1822.3-1606 could be explained by the fallback disk model.
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Radio Pulsars — Thirty Years After
V.S. Beskin"?* Ya.N. Istomin"?f, A. A. Philippov®®

TLebedev Physical Institute, Moscow, Russia
2Moscow Institute of Physics and Technology, Dolgoprudny, Russia

3Princeton University, Princeton, USA

Thirty years have passed since our group led by A.V. Gurevich at the Theoretical
Physics Department of the Lebedev Physical Institute published our first article on
the theory of the magnetosphere of radio pulsars. 25 years have passed since the
publication of the article dealing with the development of the theory of radio emission
of pulsars. And, finally, 20 years have passed since the publication of the monograph
[1], in which a consistent theory was formulated of the principal processes responsible
for the observed activity of radio pulsars. We would like to show that many analytical
results obtained in 70-80th by many researchers (in spite of the fact that they were
rather simple and actually very preliminary) help us now to understand main features
of modern numerical simulations.

First of all, key results obtained by our group (the full screening of the magne-
todipole radiation, the general expression for the current losses) are remembered. We
show that now one can find additional observational confirmations of our predictions.
In particular, this model can easily explain the inclination angle dependence of the
total energy losses found in numerical simulations [2]. We discuss in detail the sim-
ple asymptotic analytical behavior of the pulsar wind. It is shown that the simplest
force-free asymptotic solutions are really reproduced.

We have confirmed also the pulsar radio emission theory developed early. The more
effective mechanism of radio wave generation is the collective curvature radiation by
relativistic electron-positron flux in the pulsar magenosphere [3, 4].

Finally, it is shown that for the correct determination of the anomalous torque
acting on the rotating sphere it is necessary to include into consideration the angular
momentum of the electromagnetic field inside the sphere. As a result, the anomalous
torque is to depend on the strucure of the magnetic field inside the body [5].

This work was supported by Russian Scientific Foundation, 14-12-01198.
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Diffusion currents and diffusion coefficients in dense
stellar matter

M. V. Beznogov!?*, D. G. Yakovlev?

1St. Petersburg Academic University, Russia
2Toffe Institute, St. Petersburg, Russia

Diffusion processes in weakly coupled Coulomb plasmas in ordinary stars are well
studied. However strongly coupled plasmas in the outer envelopes of neutron stars and
the cores of white dwarfs require special consideration.

We consider Coulomb contributions to diffusion currents and diffusion coefficients in
multicomponent Coulomb liquid, where classical (suitable for weakly coupled plasma)
expressions for the diffusive flux are inaccurate. We discuss a specific Coulomb con-
tribution [1] to the diffusive flux. It produces additional Coulomb separation of ions
and can separate even the ions with the same A/Z (mass to charge number) ratios.
The Coulomb separation of ions affects chemical composition of white dwarf cores and
neutron star envelopes and, consequently, changes heat capacity, thermal conductivity,
neutrino emission, nuclear reaction rates as well as chemical, thermal, and nuclear evo-
lution; it can affect also vibration properties of stars (as detailed in Ref. [1]). We show
that Coulomb diffusion currents are available also at intermediate and weak couplings.

In addition, one needs diffusion coefficients themselves to deal with the diffusion
problem. A promising effective potential approach has been recently proposed in Ref.
[2]. It allows one to calculate the self-diffusion coefficient in a one component ion
plasma using some extension of the standard Chapman-Enskog method from weak
coupling to intermediate and strong couplings. We generalize this method to the case
of binary ionic mixtures and calculate inter-diffusion coefficients for several such mix-
tures important for neutron stars and white dwarfs. We present convenient fits to the
calculated diffusion coefficients in terms of generalized Coulomb logarithm.

The authors are grateful for the partial support by the State Program Leading
Scientific Schools of RF (grant NSh 294.2014.2). The work of MB has also been partly
supported by the Dynasty Foundation, and the work of DY by RFBR (grants Nos.
14-02-00868-a and 13-02-12017-ofi-M).
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LOFAR’s view on PSR B0943+10
A.V. Bilous'*, and LOFAR Pulsar Working Group

'Radboud Universiteit Nijmegen

PSR B0943410 is an old normal pulsar mostly known for its two radio emission
modes. In the so-called “bright” (B) mode the pulsar exhibits regularly drifting sub-
pulses, whereas in the “quiet” (Q) mode the single pulses are sparse and chaotic.
Recently, it has been revealed that X-ray emission properties of the B0943+10 change
synchronously with the switching between the radio modes [1]. Unexpectedly, the pul-
sar is brighter in X-rays during the radio Q-mode, showing pulsed thermal component
together with the weak unpulsed non-thermal one. In the radio B-mode only the latter
unpulsed component is present. Such global change in conditions in the magnetosphere
still awaits explanation. One of the ways to approach this problem is to investigate
the differences between the radio modes in the low radio frequency regime, where the
frequency-dependent changes in the pulse-profile morphology are the largest and the
effects too subtle to be easily seen at higher frequencies are more straightforward to
detect. In this work we investigate even lower frequencies than the previous 150-MHz
results in [1]; we present the first-ever study at 20—80 MHz, spanning the lowest two
octaves of the ionospheric radio window. We describe the frequency evolution of the
average profile and constrain the emission regions in both modes within the framework
of the radius-to-frequency mapping theory. We also investigate the gradual changes
in the shape of the average profile within a single mode instance. Finally, we explore
drifting subpulses in the B-mode and give a geometrical explanation for the discovered
frequency-dependent delay in the drift phase.
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Stars from the very early universe
S.1. Blinnikov'*%*, A.D. Dolgov"?®3T, K. A. Postnov*}
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3Novosibirsk State University, Novosibirsk 630090, Russia

4Moscow State University, Moscow 119991, Russia

A mechanism of the creation of stellar-like objects in the very early universe, from
the QCD phase transition until the big bang nucleosynthesis and somewhat later, is
studied. This scenario leads to interesting consequences, such as the formation of
primordial black holes (PBHs) with masses above a few solar masses up to superheavy
ones. This may explain an early quasar creation with evolved chemistry in surrounding
medium and the low mass cutoff of the observed stellar-mass black holes. It is also
shown that dense primordial stars can be created at the considered epoch. Such stars
could later become very early supernovae and, in particular, high redshift gamma-ray
bursters. This helps resolve the problems of the early formation of black holes, quasars,
GRBs, the first stars, and the enrichment of the interstellar space by metals at high
redshifts. At the tail of the considered distribution, supermassive PBHs could be
created, which might serve as galaxy formation seeds. In a version of the model, some
of the created objects can consist of antimatter. A testable prediction of this version
is the existence of compact stellar-type (or brown dwarf type) antimatter objects,
which might populate the galactic halo and do not contradict the observed gamma-ray
background.
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Soft X-ray Transients
E.F. Brown'*

'Department of Physics and Astronomy, National Superconducting Cyclotron
Laboratory, and the Joint Institute for Nuclear Astrophysics, Michigan State
University, East Lansing, MI 48824 USA

Soft X-ray transients, in which a neutron star accretes intermittently from a low-
mass companion, are wonderful tools for studying the dense matter equation of state
and for exploring the properties of the neutron star’s crust. In this talk, I shall first
review the overall structure of the neutron star’s crust. Accretion pushes the matter
in the crust deeper; the rising pressure induces electron captures that drive the com-
position toward neutron drip. The temperature of the crust is then set by balancing
the heat released from these reactions with conduction to the core and surface and
with neutrino emission from the crust and core. Observations of neutron star cooling
during quiescence probe the crust temperature. Finally, I shall discuss how electron
capture/~ decay cycles at densities ~ 10'° gcm™ efficiently cool the outer neutron
star crust [1]. This cooling thermally decouples the lower density regions of the neu-
tron star; I will argue that this cooling, along with observations of transients and the
ignition of superbursts, requires additional heating at lower densities.

This work was supported by the US National Science Foundation grants PHY 08-
22648 (the Joint Institute for Nuclear Astrophysics) and AST 11-09176.
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Modeling Magnetized Neutron Stars in General Relativity
N. Bucciantini®?*, A.G. Pili%?37 L. Del Zanna'??

INAF - Osservatorio Astrofisico di Arcetri, Firenze, Italy
2INFN - Sezione di Firenze, Italy

3Dipartimento di Fisica e Astronomia, Universita di Firenze, Italy

w Magnetic fields play a crucial role in
100 XBtor | Bpol (1.e18 G) . . .

o _ many astrophysical scenarios and, in par-
' ticular, are of paramount importance in
the emission mechanism and evolution of
many sources. Among them, Neutron Stars
(NSs), which are the most compact objects
of the Universe, endowed with an internal
structure. They can rotate very fast and
harbor very strong magnetic fields, up to
10'¢ G for magnetars. Magnetic fields of
such magnitude are responsible for the phe-
) , nomenology of many NSs like Anomalous
2 10 0 10 20 X-Ray Pulsars and Soft Gamma Repeater
and they are invoked in the millisecond
magnetar model for Long and Short Gamma
Ray Bursts. Finally, a strong magnetic field
Figure 1: Toroidal (left) and poloidal —could deform the NS structure leading, to-

(right) magnetic field distribution for a gether with rotation, to gravitational wave

highly deformed mixed Twisted-Torus emission.
configuration. To understand the role of the magnetic

field in compact objects it is important to
obtain, as a first step, accurate equilibrium models for magnetized NSs. Using the
conformally flat approximation we solve the Einstein’s equations together with the
GRMHD equations in the case of a static axisymmetric NS taking into account different
magnetic configurations. This allows us to investigate the effect of the magnetic field
on global properties of NSs such as their deformation.

Until now only simple configurations, of purely poloidal or purely toroidal magnetic
fields, have been investigated in full GR. However a more realistic magnetic configura-
tion, the so-called Twisted-Torus, expected to be stable, requires the presence of both
poloidal and toroidal magnetic field. Here we present the first study done in full GR
and for strong deformations. We will show that the simpler CFC assumption leads to
configurations that are in excellent agreement with more sophisticated treatments (see
Fig. 1). We will discuss the role of various current distributions, and how their location
within the star, either in the core region or in the outer peripheral layers, affects the
deformations of the NS, and possibly the efficiency of gravitational wave emission. We
will show how magnetospheric currents can be modeled in a full GR regime, and what
highly non linear configurations look like.

R(km)
o
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‘Hot widows’/HOFNARS: new possible class of
rapidly rotating neutron stars

A.1. Chugunov'*, M. E. Gusakov!', E. M. Kantor'*

Toffe Institute, St. Petersburg, Russia

We discuss a new hypothetical class of neutron stars dubbed '"HOFNARs’ (HOt
and Fast Non-Accreting Rotators) or 'hot widows’ (similar to 'black widow’ pulsars)
which are hot and fast-rotating, but do not accrete matter. These sources are unstable
with respect to r-modes and are formed in low-mass X-ray binaries (LMXBs), after ex-
hausting the low-mass companion. Their high temperatures are maintained by r-mode
dissipation; as we show they can stay hot during a very long period of time ~ 10? yrs.
"Hot widows’/HOFNARs can be observed as X-ray sources with purely thermal neu-
tron star atmosphere spectrum, which perfectly matches spectral identification criteria
for quiescent LMXBs (qLMXBs) candidates in globular clusters. This means that some
of X-ray sources known as qLMXB candidates can in fact be "hot widows’/HOFNARs.
Observational evidences in favor of the ’hot widow’/HOFNAR hypothesis are pre-
sented. We discuss identification criteria for ‘hot widows’/HOFNARs and analyze a
variety of possibilities, which they provide to constrain dense matter properties.

This work was partially supported by REBR (grants 14-02-00868-a and 14-02-31616-
mol-a), by RF president programme (grants MK-506.2014.2 and NSh-294.2014.2), by
the Dynasty Foundation.
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The first Fermi pulsar with an X-ray spectral
feature

A. Danilenko'*, P. Shternin'?, A. Karpova'?, Yu. Shibanov!?, D. Zyuzin!
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Figure 1: Chandra/ACIS-S spectrum of
PSR J06334-0632 fitted by an absorbed
NSA-+PL model. The absorption line po-
sition is marked by the bold vertical bar.

The Fermi ~-ray observatory has re-
cently discovered more than a hundred of
new nearby pulsars [1]. Among them, PSR
J06334+0632 (J0633) is one of the bright-
est in X-rays [5]. The first 20-ks Chandra
observation showed that its spectrum con-
tains the thermal component, equally well
fitted by the blackbody and the hydrogen
atmosphere model (NSA; [8]), and the non-
thermal power-law (PL) component [5]. We
performed a detailed analysis of these data.

In the spectral fit residuals (see Fig. 1),
we found a hint of an absorption spectral
feature at ~ 0.8 keV. The Bayesian model
checking [4] gives strong evidence for the
line presence. Therefore J0633 is the first

~-ray pulsar with an absorption feature in X-ray spectrum.

Besides that, if J0633 is indeed covered by a hydrogen atmosphere, it is the coldest
middle-aged (< 10° yr) neutron star with measured surface temperature. The middle-
aged stars cool down via the neutrino emission from their interiors [6]. Following the
method from [7] we found that the neutrino cooling rate of J0633 should be 10%-10*
times stronger than the standard neutron star cooling rate. Such a high cooling rate
cannot be explained by the minimal cooling theory [2, 3].

We present details of our analysis and discuss how further thoughtful studies of this
remarkable pulsar can contribute to our understanding of the neutron star physics.
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How unique is the crust of an accreting neutron
star? A multicomponent study
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Figure 1: Number of stable isotopes as a
function of density in the inner crust.

The crust of an accreting neutron star
is expected to have a composition that is
different from cold-catalyzed matter. The
non-equilibrium reactions induced by the
accretion of matter gradually transform the
ashes of hydrogen and helium burning to
neutron-rich matter in the inner crust [2—
5]. These reactions heat and cool the crust,
and if the composition is anisotropic, they
may produce a mass quadrupole [1]. An
important question, then, is how much the
composition can vary in the inner crust. We
examine this question by using nuclear mass
models to investigate the stability of nuclei
that must co-exist with degenerate electron
and neutron gases. We show that there are
few stable nuclei deep in the inner crust,
see Fig. 1, and that the accreted inner crust

does not contain equilibrium nuclei. We compare our multicomponent composition
results with a full reaction network that includes finite electron and neutron capture
reaction rates and pycnonuclear reactions from [6].
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Pair production feedback in pulsar - massive star
binaries

E.V. Derishev'*, F. Aharonian?3
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We propose a model for ultrarelativistic plasma wind from a pulsar, embedded into
stellar wind from a massive companion star. The observed spectrum of such binaries
spans a very broad spectral range, extending up to TeV energies. The proposed model
takes into account the feedback, started by energetic photons, generated at the pulsar
wind termination shock. These photons produce electron-positron pairs; some of the
pairs are created within the unshocked wind and receive a huge energy gain when
picked up by the ultrarelativistic plasma flow; these energetic secondary pairs radiate
at the termination shock, producing new gamma-photons and thus closing the feedback
loop. We consider dynamics and radiation of pulsar wind in the framework of the pair
feedback model and discuss the resulting spectrum, which appears to be very broad
and contains many components.
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An approximate method to study oscillations of
superfluid hyperon stars

V.A. Dommes!?*, M. E. Gusakov!’

offe Institute, 26 Polytekhnicheskaya, St Petersburg 194021, Russia
2St. Petersburg Academic University, 8/3 Khlopina Str, St Petersburg, 194021,
Russia
We analyze hydrodynamic equations governing oscillations of superfluid neutron

stars with hyperon cores (hyperon stars). We extend the approximate method pre-
sented in [1] (for npe-matter) and propose a scheme that allows us to significantly
simplify calculations of oscillation modes of such stars. The efficiency of this scheme is
illustrated by calculation of sound waves as well as eigenfrequencies of superfluid and
normal r-modes in hyperon stars at arbitrary temperature.
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On the mass distribution of black holes and
neutron stars

Ya. A. Doronina!*, I. P. Igoshev?’, A.F. Kholtygin'?
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We study the mass distribution of newborn neutron stars (NS) and black holes
(BH) using a new population synthesis code for massive stars in the Milky Way. These
distributions are in a good agreement with those obtained for galactic BH and NS in
binary systems. Magnetic field generation in the disks around the BH is also considered.
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Spectral analysis of the Double Pulsar PSR
J0737-3039 with XMM-Newton

E. Egron'*, A. Pellizzoni'T, M. N. Iacolina'*
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Since its discovery by [1] and [2] in 2003
tbabs*(po-+bb) | and 2004, the first and unique Double Pul-
| sar system PSR J0737-3039 retains all the
i .. . attention (see [3] for a nice review). This
! FINIC g exciting system is composed of two neu-
B L | tron stars: a mildly recycled 23 ms pul-
f } %IUF % sar (heareafter referred to as pulsar A) and
MMTN WW / ﬂ J'Lr % \# a younger pulsar with a period of 2.8 s
- R ' | # # T (heareafter pulsar B), revolving in a tight
B ¢ ] orbit (~ 1.25 solar radii) in 2.4 hr. Mean
orbital velocities of ~ 1 million km/h are
much higher than those observed in other
binary systems. This makes of the Double
Pulsar the most relativistic system, and the
best test so far to probe theories of gravity
in the strong-field regime |2, 4].

The high-energy study of this system is extremely interesting to understand the
physics of the magnetospheric emissions and interactions of both pulsars, in particular
between the pulsar B’s magnetosphere and the wind from pulsar A.

We present the spectral analysis of data from the two XMM-Newton “Large Pro-
grams” performed in October 2006 [5] and October 2011, resulting in a total exposure
time of ~ 600 ks. Different models can fit the data, which gives us possible physical
interpretations that can explain the origin and nature of the X-ray emission in PSR
J0737-3039. In particular, we present a plausible intriguing emission feature at about
6 keV (see Fig. 1) and variation of the spectra with the orbital phase. Moreover, we
infer whether any changes are visible between 2006 and 2011 by comparing the results
from the two large programs.
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Figure 1: EPIC-pn data obtained in Oct
2006. The nature of the instumental or
astrophysical emission feature observed
at ~ 6 keV is under investigation [6].
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“Low-B Magnetars”, “High-B Radio Pulsars” and
Dim Isolated Neutron Stars: Long-term Evolution
and Radio Emission Properties

U. Ertan™, S. Caligkan', O. Benli!, M. A. Alpar

!Sabanci University, Faculty of Engineering and Natural Sciences, Tuzla, Istanbul

We have investigated the long-term evolution of the so-called “low-B magne-
tars” and “high-B radio pulsars” with the fallback disk model employed earlier to
explain the general properties of the anomalous X-ray pulsars (AXPs) and the soft
gamma repeaters (SGRs). Our results indicate that the X-ray luminosity and the rota-
tional properties of these sources can be acquired simultaneously by the neutron stars
evolving with fallback disks and with conventional magnetic dipole fields (10'* — 10!3
G). We have also applied the same model with the same basic disk parameters to six
dim isolated neutron stars (XDINs) with known period and period derivatives. We
have shown that the present properties of XDINs can also be produced by the fallback
disk in evolutionary scenarios with surface dipole field strengths ~ 10'? G. Our results
are consistent with the presence or lack of pulsed radio emission from these different
neutron star systems. Most importantly, a large population of XDINs is expected to
be observed as pulsed radio sources, if they are evolving in vacuum with the strong
dipole fields inferred from the dipole torque formula (10 — 10! G), which is in sharp
contrast to observations. Our results indicate that the six XDINs have completed their
accretion phase. At present, they do not accrete matter from the disk, while they are
still being slowed down by the disk torques. In the fallback disk model dipole fields
of XDINs are much weaker than those inferred from the dipole torque model. These
fields together with long periods are not sufficient to produce radio emission. On the
other hand, relatively young XDINs with shorter periods are evolving in the accretion
phase to longer periods, and their radio emission is hindered by the mass flow onto the
poles of the neutron stars.
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Glitches and timing noise

C. M. Espinozal*

nsituto de Astrofisica, Pontificia Universidad Catélica de Chile,
Vicunia Mackenna 4860, 7820436 Macul, Santiago, Chile

Glitches and timing noise are rotation irregularities that affect the otherwise smooth
rotation of pulsars. While glitches are rapid and sporadic positive step changes in ro-
tation rate, timing noise appears like a slow process, continuously decelerating or ac-
celerating the rotation with respect to a simple slow down model. The exact physical
mechanisms giving rise to these effects are unknown and it is unclear whether there is
any connection between the two phenomena. In this talk I will summarise recent ob-
servational results on timing noise and glitches and I will review their main properties.
As a case study, I will present ongoing analyses aiming to quantitatively characterise
the timing noise of the Crab pulsar.
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Properties of nuclear matter and neutron stars
with unified equations of state

A.F. Fantina'*, N. Chamel!, J. M. Pearson?, S. Goriely!

nstitut d’Astronomie et d’Astrophysique, CP226, Université Libre de Bruxelles,
1050 Brussels, Belgium
2Dépt. de Physique, Université de Montréal, Montréal (Québec), H3C 3J7
Canada
The equation of state (EoS) of cold dense matter is studied using a family of gener-
alised Skyrme functionals that have been recently developed by the Brussels-Montreal
collaboration [1-3]. The unified EoSs employed here provide a consistent description
of both the crust and the core of neutron stars using the nuclear energy-density func-
tional theory with the same Brussels-Montreal functionals. The underlying functionals
will be discussed in connection with the present data coming from nuclear physics
experiments such as atomic masses, the analysis of experimental data from heavy-
ion collisions, neutron skins in nuclei, giant dipole resonances, dipole polarizability
measurements, as well as microscopic calculations of homogeneous neutron matter and
symmetric nuclear matter (see e.g. Refs. [4-6] and references therein). The structure of
neutron stars constructed with these unified EoSs will be discussed, in connection with
both astrophysical observations (such as the mass-radius relation and the maximum
mass [7]) and nuclear-matter parameters (such as the symmetry energy [8]).
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IGR J18245-2452: the first pulsar swinging
between rotation and accretion powered emission

C. Ferrigno'*, E. Bozzo!, A. Papitto?, N. Rea??, L. Pavan!

SDC, Department of Astronomy, Université de Genéve, chemin d’Ecogia, 16,
CH-1290 Versoix, Switzerland

2Institute of Space Sciences (ICE; IEEC-CSIC), Campus UAB, Faculty of Science,
Torre C5, Parell, 2a Planta, E- 08193 Barcelona, Spain

3 Astronomical Institute “Anton Pannekoek”, University of Amsterdam, Postbus
94249, NL-1090 GE Amsterdam, the Netherlands

After the INTEGRAL discovery of a new transient source in the Globular cluster
M28 on March 20, 2013, a massive follow-up campaign has been triggered. We observed
the new transient with Swift/XRT, XMM-Newton, ATCA, Chandra, and subsequently
with various radio telescopes equipped for high timing resolution. IGR J18245-2452
revealed itself to be an accreting millisecond pulsar spinning with a period of 3.9 ms
and orbiting with a companion star in 11 hours. In the previous years, a rotationally
powered millisecond radio pulsar was observed at the same location with the same
timing properties and named PSR J1824-24521. The X-ray and radio source are thus
the same object: the first one ever observed swinging from rotation to accretion powered
pulsar emission and vice-versa proving the evolutionary link between these two classes
of objects [1].

In this contribution, we review the observations performed so far and discuss the
relevance of our findings in the evolutionary model of millisecond pulsars. We also study
the intriguing variability of the X-ray emission concentrating on peculiar hard states
lasting a few hundreds of seconds and appearing irregularly during the XMM-Newton
campaign. We argue that the source swings from normal accretion to a propeller state
due to the proximity of the magnetospheric and corotation radii [2].
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Thermal evolution of neutron stars with an
hyperonic equation of state

M. Fortin!?*, P. Haensel'f, J. L. Zdunik'*
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The recent observations of two 2 M neutron stars (NSs) [1, 2] have put constraints
on the nuclear equation of state (EoS) of dense matter. Among the recent EoSs con-
sistent with these observations are the ones based on non-linear relativistic mean field
models allowing for NSs with an hyperon core, e.g., [3, 4].

Models for the thermal evolution of NSs built with one of these [3] are confronted
with recent observations [5, 6] of the thermal emission from isolated NSs and from NSs
in soft X-ray transients in quiescent states. The former ones gradually cool down after
their birth in supernova explosions, and the latter ones undergo short heating phases
due to the accretion of matter from the binary companion and subsequent thermal
relaxation during quiescence. In both cases, the thermal evolution is sensitive to the
properties of the core [7, 8]. Recent developments for the microphysical ingredients
(baryon and hyperon superfluidity, neutrino emission processes,. .. ) are employed [4, 9].
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Observations of X-ray Bursters
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"Monash Centre for Astrophysics (MoCA)
2School of Physics, Monash University, Clayton VIC 3800, Australia
3Space Research Organisation Netherlands, Utrecht, NL

Thirty years of studying thermonuclear (type-I) bursts from accreting neutron stars
has revealed a surprisingly rich spectrum of behavior. A few sources which have been
studied intensively offer confirmed examples of two of the three classes of ignition pre-
dicted theoretically, and these systems serve as crucial test-cases for numerical models.
However, the behavior of the majority of systems cannot be fully reconciled with the-
oretical predictions, suggesting there is additional physics at work. Additionally, some
new classes of bursts have emerged in recent years, including so-called “super” bursts,
likely powered by unstable ignition of carbon, and intermediate-duration bursts which
likely require a large accreted reservoir of pure helium.

In this talk I will attempt to summarise the observational status of thermonu-
clear bursts, including recent progress on the response of the accretion disk to bursts;
searches for spectral features during bursts; observations of intermediate-duration and
super-bursts; and quantifying the systematic uncertainties that affect measurements
of mass and radius from bursts. Finally, I will describe recent observational studies
of two remarkable bursters, the first a new transient, Terzan 5 X-2, and the second
the well-known Rapid Burster. These sources have shown the most-frequent regular
thermonuclear bursts of any source; the influence of their rotation speed (measured as
11 Hz in Terzan 5 X-2) and the comparison with theory will be discussed.
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Modeling of cyclotron lines in the spectra of
isolated neutron stars

M. A. Garasyov:?*, E. V. Derishev!?!, V1. V. Kocharovsky*

nstitute of Applied Physics of the Russian Academy of Sciences, 46 Ulyanova
Street , Nizhny Novgorod 603950, Russia
2University of Nizhny Novgorod, 23 Gagarin Avenue, Nizhny Novgorod 603950,
Russia
We present the results of numerical modeling of radiative transfer in the hot and
magnetized atmospheres of neutron stars, including effects of partial frequency redis-
tribution of resonant photons in the cyclotron line. We assume that the atmosphere
consists of fully ionized hydrogen or helium. We demonstrate that it is essential to
take into account both frequency redistribution of photons during scattering and mode-
exchange between the two polarizations in order to obtain the detailed cyclotron line
profile and atmospheric structure. Using obtained solutions of radiative transfer equa-
tions we specify the range of parameters for which an outflow of plasma is possible
under radiation pressure in the cyclotron line. The application of our results for ob-
served neutron stars are discussed.

*E-mail: garasyov@mail.ru
"E-mail: derishev@appl.sci-nnov.ru



Physics of Neutron Stars — 2014 45

Accretion disk boundatry layers around neutron
stars

M. R. Gilfanov'*

IKI, Moscow, Russia

In the accretion disk boundary layer around a neutron star the accreting material
decelerates from the Keplerian velocity (of the order of half of speed of light) to the
rotation velocity of the neutron star surface, releasing about a half of its gravitational
energy. Correspondingly, in the emission spectra of accreting neutron stars a hot and
luminous component appears which is absent in the case of black hole accretion. I will
review various approaches to the problem of the radiation-dominated boundary layer
and confront their predictions with X-ray observations of Galactic low-mass X-ray
binaries.
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On the origin of pulsar-like White Dwarfs
V.I. Globina'?*, N.R. Ikhsanov!?f
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St. Petersburg 196140, Russia
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3Saint Petersburg State University, Universitetsky pr., 28, Stary Peterhof,
St. Petersburg 198504, Russia

We analyze peculiar properties of the nova-like star AE Aquarii identified with
a close binary system containing a red dwarf and a very fast rotating magnetized
white dwarf. Our study has shown that the white dwarf in AE Aqr is in the ejector
state and its dipole magnetic moment is p ~ 1.5 x 103 G cm?®. It switched into this
state due to intensive mass exchange between the system components during a previous
epoch. A high rate of disk accretion onto the white dwarf surface resulted in temporary
screening of its magnetic field and spin-up of the white dwarf to its present spin period.
Transition of the white dwarf to the ejector state had occurred at a final stage of the
spin-up epoch as its magnetic field emerged from the accreted plasma due to diffusion.
In the framework of this scenario the white dwarf in AE Aqr resembles a recycled
pulsar.
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The spin evolution of the pulsars with non-rigid
core

D. P. Barsukov!?*, O. A. Goglichidze!!, A.I. Tsygan'}

offe Institute, St.Petersburg, Russia
2Saint Petersburg State Polytechnical University, Russia

We formulate a model of pulsar spin evolution (braking, inclination angle evolution
and radiative precession) that takes into account the differential rotation of neutron
star core. We consider a neutron star whose shape is symmetrical with respect to
the magnetic axis. The star core is described by Newtonian linearised quasistationary
hydrodynamical equations in the one-fluid and two-fluids (neutron superfluidity) ap-
proximations. Two simple limiting cases have been considered. In the framework of
the weak crust-core coupling limiting case it is supposed that the neutron star mag-
netic field does not penetrate the core and the crust-core interaction occurs only via
the viscosity. The opposite limiting case of the strong crust-core coupling corresponds
to the assumption that the core protons, electrons and normal neutrons rotate rigidly
with the crust and the effect is produced only by the superfluid neutrons which interact
with the rest of the neutron star core matter by a weak mutual friction force.

It is shown that the non-rigidity of the core rotation accelerates the inclination
angle evolution and makes all pulsars evolve to the orthogonal or coaxial state. This
effect depends on the amount of the non-rigidly rotating matter and the mechanism of
its interaction with the rest of the star. Since rapid inclination angle evolution seems
to contradict the observational data, the results probably may be used as an additional
test for the neutron star core matter theories.

This work was partly supported by the Russian Foundation for the Basic Research
(project 13-02-00112) and the Programme of the State Support for Leading Scientific
Schools of the Russian Federation (grant NSh-294.2014.2).
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New populations of high mass X-ray binaries with
neutron stars

S. A. Grebenev!'*

ISpace Research Institute, Russian Academy of Sciences

INTEGRAL has discovered many previously unknown high mass X-ray binaries
(HMXB) including their new populations: so-called “supergiant fast X-ray transients”
and “strongly absorbed sources”. Most of the new binaries contain neutron stars with
a strong magnetic field accreting matter from the stellar wind of their masive compan-
ions. I review observational properties of these new populations of binaries, general
properties of the whole sample of known HMXB, and discuss how our understanding
of physical processes accompanying the accretion in these sources coincides with the
observations.
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Modeling of spectra from TeV binaries with pulsars

M. Grudzinska'*, M. Kapala?, T. Bulik!, B. Rudak?
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saw, Poland
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3Nicolaus Copernicus Astronomical Center, Rabianska 8, 87-100 Torun, Poland

The development of ground and space based high energy observatories allowed for
the identification of a new class of objects — high energy y—ray binaries. They consist
of a compact object and a massive star and emit high energy photons (100 MeV —
10 TeV). There are seven such systems known and only three of them have a well
established nature of the compact object: one with a pulsar and two with black holes.

In this contribution we present the results of a numerical model of the v—ray emis-
sion with the assumption that the compact object is a pulsar. We show the modeled
spectra and light curves for a range of likely stellar parameters and describe detailed
modelling of the LS 5039 binary.
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Features of steady states of collisionless plasma layer with counterstreaming
electron-positron beams

A.Ya. Ender!, A. A. Gruzdev?®*, V.1. Kuznetsov'

offe Physical-Technical Institute of the RAS, St.Petersburg, Russia
2Saint Petersburg Polytechnical University, St. Petersburg, Russia

In accordance with the Goldreich-Julian model, there are vast regions containing a
plasma, formed by counterstreaming flows of relativistic electrons and positrons, in the
vicinity of a pulsar. It is thought that powerful radiation in various spectral ranges is
generated precisely in these regions. Previously, a steady-state problem for the external
gap of the pulsar was studied under the assumption that the potential distribution (PD)
was monotonic. We study a planar diode in which electron and positron flows having
the same energy and the monoenergetic velocity distribution functions are supplied
from opposite electrodes and move in the interelectrode gap with no collisions under
a self-consistent electric field. The potential difference between the electrodes equals
Zero.

We have obtained the full classification of the PDs. As a rule, PD has a wavy form.
There is a class of solutions with particle reflection, which occur if the potential barrier
of the PD equals the particle energy at the electrode emitting electrons or positrons.
These are solutions with a virtual electron emitter (VEE) or a virtual positron emitter
(VPE). If the VEE exists, a portion of the electron beam is reflected at the point of the
potential minimum and returns to the emitter. If the VPE exists, a positron reflection
occurs at the point of the potential maximum. For the quantitative description of
partial particle reflection, we introduce the reflection coefficients: r. for electrons and
r,, for positrons, respectively, which represent the density ratio of reflected and injected
particles. Then, the particle density is multiplied by 1+ in the region occupied by the
reflected particles, and by 1 — r in all the other regions. We introduce dimensionless
quantities and use the Debye length and the kinetic energy of electrons at the emitter,
Ap = [2eWpe/(€2n4e)]Y? and Wy, = m.v /2, respectively, as length and energy units.
Then, the coordinate is ( = z/Ap and the potential is n = ep/(2Wp,).

Our study has shown that such a potential distribution belongs to one of the fol-
lowing four types: (i) PD with no electron and no positron reflection (r. = 0,r, = 0),
here —1/2 < n(¢) < 1/2; (ii) PD with partial electron reflection (0 < . < 1 and the
potential minimum 7,,, = —1/2) and with no positron reflection (r, = 0); (iii) PD with
no electron reflection (r. = 0) and with partial positron reflection (0 < r, < 1 and the
potential maximum 7y, = 1/2); (iv) PD with both partial electron (0 < r. < 1) and
positron (0 < r, < 1) reflection, with n,, = —1/2, ny = 1/2, and r. = r),.

At a small electrode distance 6 = d/A\p, the steady state is unique. When 9
increases, three solutions appear, then two more solutions appear, and so on. A new
branch of solutions appears at the bifurcation points. Thus, under the same parameters
of the beams as a rule several steady-state solutions exist. Undoubtedly, some of the
solutions are stable under small perturbations, and other ones are not.
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Superfluid neutron stars

M. E. Gusakov'*

offe Institute, St. Petersburg, Russia

Baryons in the internal layers of not too hot neutron stars are likely to be in the
superfluid state. Superfluidity has a dramatic effect on the microscopic and macro-
scopic properties of superdense matter and thus affects the neutron-star evolution in
many ways. In my talk I will discuss various aspects related to theoretical modeling
of superfluid neutron stars and analyze possible observational signatures of baryon
superfluidity (such as glitches, neutron-star cooling and oscillations).

This work was partially supported by REBR (grants 14-02-00868-a and 14-02-31616-
mol-a), and by RF president programme (grants MK-506.2014.2 and NSh-294.2014.2).
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Maximum pulsar mass and equation of state of
neutron-star core

P. Haensel'*, J.L. Zdunik!f, M. Bejger'*, M. Fortin'®

IN. Copernicus Astronomical Center, Bartycka 18, 00-716 Warszawa, Poland

Existence of 2 M pulsars puts very strong constraints on the equation of state
(EOS) of neutron-stars (NS) with hyperon cores, which can only be satisfied by some
Relativistic Mean Field (RMF) models of hadronic matter. We study the impact of
the presence of hyperon cores on the radius-mass relation for NS. We aim at finding
how, and for which particular stellar mass range, a specific relation R(M) is associated
with the presence of a hyperon core [4]. We consider two sets of theoretical EOS
of dense matter, {EOS.N} involving nucleons only, and {EOS.H} allowing for the
presence of hyperons. For NS masses 1.0 < M/Mg, < 1.6, we get R™) > 13.5 km,
while R™) < 12.5 km. The radius gap that we find is due to a high stiffness of the
pre-hyperon segment of EOS.H. At nuclear density (n, = 0.16 fm=3) P®) is two-three
times larger than P [4]. These large values of P (n, ) are strongly inconsistent with
a robust upper bound obtained recently [2]. If massive NS do have a sizable hyperon
core, their radii for M = 1.4 Mg are > 13.5 km, violating (90% CL) upper bound
obtained in [3] from the analysis of X-ray spectra of X-ray bursters and transients.
A future X-ray space observatory with < 5% precision of a simultaneous M and R
measurement will have potential to solve the problem by observations of NS.

It has been proposed that replacing hyperon core by a sufficiently stiff quark-matter
EOS.Q could yield M.x > 2 M. However, this would require a stiff EOS.Q with
Usouna/€ > 0.7 [1], which could lead to an instability of massive NS with quark cores
due to a reconfinement phase transition. However, in contrast to point-like quarks,
baryons have finite size. Including baryon size effect via a relativistic excluded volume
approximation increases M.x and solves the problem of a high-density reconfinement
of quarks in NS cores [5].
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Determination of the Pulsar Image in the Picture

Plane
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Figure 1: Image of the pulsar in the picture plane for
different phases ¢, the scale is in star radii.

The determination
of the size of the ra-
dio pulsar in the pic-
ture plane is an impor-
tant problem not only
because of the possi-
bility of direct angular
resolution, but also for
constraining and ver-
ification of the exist-
ing radio emission the-
ories.

Assuming that the
intensity of the emis-
sion is proportional to
the number density of
secondary plasma, we
have directly calculated
the form and the size
of the radio pulse in

the picture plane for the simple case of dipole magnetic field both for the extraordinary
(X) and the ordinary (O) modes. We have also obtained the images for different model
parameters, namely, for different heights and inclination angles. We find that in all
cases the width of the image is several times larger on the edges of the pulse than in
the middle. For radiation height r.,q = 10R the image width is approx. 107 cm, its
velocity in the picture plane being approx. 1000 km/h, in full agreement with recent

observations [1].
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X-ray emission mechanisms in magnetars
R. Hascoét'*, A. M. Beloborodov!f

'Physics Department and Columbia Astrophysics Laboratory, Columbia Univer-
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In the magnetar model, the observed persistent luminosity and outbursts are both
powered by dissipation of magnetic energy. The emission mechanisms of persistent
and burst emission will be discussed and compared. Observations suggest the presence
of hot spots on magnetars. They may result from internal (subsurface) or external
(magnetospheric) heating. Both mechanisms appear to be needed to explain the data.
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Simultaneous XMM-Newton Radio observations of
the mode-switching radio pulsar PSR B1822-09

A. W. Hermsen'?* B. J.W.T. Hessels®?, L. Kuiper!, J. van Leeuwen?®?, D. Mitra?,
J.M. Rankin®, B.W. Stappers®, G.A.E. Wright”, R. Basu*

ISRON, Netherlands Institute for Space Research, Sorbonnelaan 2, 3584 CA,
Utrecht, The Netherlands
2 Astronomical Institute Anton Pannekoek, Amsterdam, The Netherlands

3ASTRON, the Netherlands Institute for Radio Astronomy, Postbus 2, 7990 AA
Dwingeloo, The Netherlands

“National Centre for Radio Astrophysics (NCFRA-TIFR), Post Bag 3,
Ganeshkhind, Pune University Campus, Pune 411007, India

®Physics Department, University of Vermont, Burlington, VT 05405, USA

6Jodrell Bank Center for Astrophysics, School of Physics and Astronomy, The
University of Manchester, Manchester M13 9PL, UK

"Astronomy Centre, University of Sussex, Falmer, Brighton BN1 9QJ, UK

With XMM-Newton, GMRT and LOFAR observations of the mode-changing near-
aligned pulsar PSR B0943+10 we discovered synchronous switching in the radio and
X-ray emission properties [1]. These extraordinary findings supported radio indications
for rapid, global changes of the conditions in the magnetosphere, and challenged all
proposed emission models. PSR B1822-09 is a fascinating orthogonal pulsar exhibiting
similar mode switching in the radio band. Mode switching in the radio emission of
PSR B1822-09 is not only seen in the main-pulse and precursor emissions (like for PSR
B0943+10), but also in that of the interpulse. The latter switches in anti-correlation
with the main pulse. We organized for this pulsar a similar campaign of simultaneous
XMM-Newton, GMRT, WSRT and Lovell observations, the last observations being
performed in March 2014. In this presentation we will report the results from the
latter campaign and discuss these in comparison with those for PSR B0943+10 in the
context of competing theoretical emission models.
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Comprehensive analysis of pulsars velocity
distribution

A.P. Igoshev'*, F.W. M. Verbunt!

Department of Astrophysics/IMAPP, Radboud University Nijmegen

The velocity distribution of newly born neutron stars is an important ingredient in
understanding the fractions of neutron stars retained in binaries and in globular clus-
ters, and in understanding the galactic distribution of neutron stars. Notwithstanding
the number of detailed studies over the last two decades, there is still no agreement on
the velocity distribution, in particular in the low-velocity (v < 50 km/s, say) range.
We present a simple test which indicates that the fraction of low-velocity neutron stars
must be appreciable. We critically investigate the various methods used previously,
in light of the newer and better measurements, and develop a novel non-parametric
method which properly takes account of measurement errors in the proper motion and
in the distance. This leads us to conclude that about 12% of all pulsars are born with
velocities less than 50 km/s.
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A new look at the Anomalous X-ray Pulsars

G.S. Bisnovatyi-Kogan!?*, N. R. Ikhsanov®*t
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We explore a possibility to model spin evolution of the Anomalous X-ray Pulsars
(AXPs) in terms of accretion by an isolated neutron star from a fossil non-Keplerian
magnetic disk. We show that the observed spin-down rates of the neutron stars can
be explained within this scenario provided the surface magnetic field of the star is
ranged within the interval 10 — 103 G [1]. The X-ray spectra of the pulsars under
these conditions are soft and fit well the observed spectra. The period clustering and
gamma-ray activity of these sources are briefly discussed.
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Thermal emission of neutron stars with internal heaters

A.D. Kaminker*, A. A. Kaurov?, A.Y. Potekhin'?, D.G. Yakovlev!

Toffe Institute, St. Petersburg, Russia
2University of Chicago, USA

3Central Astronomical Observatory at Pulkovo, St. Petersburg, Russia

We model thermal structure and thermal surface radiation of neutron stars with
steady internal heaters. Using 2D and 1D cooling codes we analyze the propagation
of heat from these heaters varying their locations, geometries and intensities. We take
two equations of state (EOSs) of neutron star matter, SC+HHJ and BSk21, from Refs.
[1] and [2], respectively. The former is based on a simple energy-density function.
The latter is more elaborated; it is employed to test the sensitivity of the results to
variations of EOSs. For both EOSs we investigate two neutron star models, with
the standard neutrino emission from the core and with the fast neutrino emission
provided by the direct Urca process. We demonstrate that the generated heat mainly
propagates radially to the interior of the star (and is carried away by neutrinos from
there), although a small part of the heat diffuses outwards to be emitted as the thermal
surface radiation. In local regions near the heater the results can be well described with
the 1D code. The heater creates a hot spot, which looks like heater’s projection on
the stellar surface. We discuss the existence of two heat propagation regimes. In the
first conduction outflow regime, the heat rates Hy < 10?° erg cm ™3 s! and the heater’s
temperature 73, < 10° K are not too high, and the thermal surface emission of the star
is controlled by the heater’s power and the neutrino emission in the stellar core. In the
second neutrino outflow regime, the heater is more powerful (Hy 2 10 erg ecm ™3 s71,
Ty 2 10° K) and the thermal energy is mainly carried away by neutrinos. Then the
surface and the outer layers of the crust become thermally decoupled from the interior
and even strong variations of the heater’s power cannot significantly affect the surface
emission. The most economical heater should be placed in the outer crust and be
moderately strong (Hy ~ 10%° erg cm™ s71). We outline possible applications of the
results to young and hot neutron stars, to neutron stars in soft X-ray transients, to
magnetars and high-B pulsars.

The authors are grateful for the partial support by the State Program Leading
Scientific Schools of RF (grant NSh 294.2014.2). The work of AK, AP, and DY was
also partially supported by the RFBR grant 14-02-00868-a, and the work of DY by the
RFBR grant 13-02-12017-ofi-M.
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Anti-glitches within the glitch model of Anderson
and Itoh

E.M. Kantor!, M. E. Gusakov'

Toffe Institute, St. Petersburg, Russia

The generally accepted model of neutron star (NS) glitches, proposed in [1], assumes
that sudden unpinning of a group of vortices from their pinning centers results in
a spin up of the NS normal component — a glitch. Here we present a toy model
which demonstrates that, under certain conditions, an opposite effect — anti-glitch
— can take place due to avalanche-like unpinning of vortices. Our model takes into
account the so-called AV-effect [2] — the dependence of the superfluid energy gap on
the relative velocities of the normal and superfluid NS components. When a group of
vortices leaves the superfluid region, the velocity lag between the normal and pinned
superfluid components decreases and, due to AV-effect, the mass of the superfluid
fraction increases. Such a redistribution of mass between the normal and superfluid
liquid components, which has been ignored so far, can naturally lead to an anti-glitch for
certain model parameters. The effect follows from the angular momentum conservation
in the event,

ICOQCO + ISOQSO -
[Io + IL(AQs — AQ)](Qeo + AQ) + [Lso — TL(AQ — AQ)] (R0 + AQy), (1)

where we take into account that the moments of inertia of the pinned superfluid com-
ponent [, and the remaining ‘normal’ liquid component I. depend on the rotation lag
Qs — Q. (£ and . are the rotation frequencies for the pinned superfluid and normal
liquid components, respectively). In Eq. (1) the subscript 0 refers to the quantities
before the vortex unpinning; I’ = d1./d(2s — Q.); A denotes the variation of the cor-
responding quantity in the event. It follows from this equation that we shall observe
an abrupt pulsar spin down if

(QSO - QcO)Lé > [SO' <2>

A numerical estimate shows that the proposed effect can explain the recently observed
anti-glitch [3] in a magnetar 1E2259+-586, if one assumes that vortices are pinned to
the flux tubes in the NS core.

This study was partially supported by RFBR (grants 14-02-00868-a and 14-
02-31616-mol-a) and RF president programme (grants MK-506.2014.2 and NSh-
294.2014.2).
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Nearby, Thermally Emitting Neutron Stars

D. L. Kaplan'*, M. DeCesar!, M. van Kerkwijk?, J. Speagle®, P. Demorest?,
S. Chatterjee®
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I will discuss observational constraints on the properties and evolution of nearby,
thermally emitting neutron stars. Combining X-ray spectroscopy and timing with
optical photometry and astrometry, we are working to understand their origin and
structure, but new observations continue to puzzle. I will review what we have learned
and include results from recent optical and X-ray observations.
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Figure 1: Chandra images of tails and other structures associated with fast moving
pulsars. For each pulsar the arrows show the direction of proper motion.

Multiwavelength observations of pulsar wind
nebulae

O. Kargaltsev'*, G. G. Pavlov?’, B. Rangelov'?

!Department of Physics, George Washington University, Washington, DC, 20052

2Department of Astronomy & Astrophysics, Pennsylvania State University, Uni-
versity Park, PA, 16802

Multiwavelength observations have significantly advanced our understanding of pul-
sar winds and pulsar wind nebulae (PWNe). In particular, deep, high-resolution imag-
ing in X-rays reveals the fine structure of pulsar winds, such as termination shocks in
the equatorial wind, polar jets with moving knots, cometary-shaped bow shocks (see
Figure 1), and more complex structures on different scales. The spatially-resolved X-
ray spectroscopy allows measurements of the particle injection spectrum in the vicinity
of the termination shock and enables investigations of the spectral evolution as a func-
tion of distance from the pulsar. Finally, multiple observations of the same PWNe
have demonstrated that the PWNe can be highly variable on various timescales. I will
review most recent interesting results, including deep Chandra observations of the Vela
PWN and several long pulsar tails (see Figure 1), HST/Chandra/eVLA observations
of the Crab PWN, HST far-UV imaging of the J0437-4715 bow shock, and dynamic
nebula of B1259-63 binary. I will also discuss the multiwavelength properties of PWNe
detected in high-energy v-rays.
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Thermal properties of the middle-aged pulsar
J1741-2054

A. Karpoval?*, A. Danilenko!, Yu. Shibanov!?, P. Shternin'?, and D. Zyuzin®

offe Institute, St. Petersburg, Russia
28t. Petersburg State Polytechnical University, Russia

We present results of the spectral analysis of the X-ray emission from the middle-
aged Fermi pulsar J1741—2054 using all Chandra archival data collected in 2010 and
2013. We confirm early findings by Romani et al. 2010 that the pulsar spectrum
contains a thermal emission component. The component is best described by the
blackbody model with the temperature ~ 60 eV and the emitting area radius ~ 17 Dypc
km. The thermal emission likely originates from the entire surface of the cooling
neutron star if the distance to the pulsar is ~ 0.8 kpc. The latter is supported by
a large absorbing column density inferred from the X-ray fit and empirical optical
extinction—distance relations along the pulsar line of sight. The neutron star surface
temperature and characteristic age make it similar to the well studied middle-aged
pulsar B1055—52. Like the latter PSR J1741—2054 is hotter than the standard cooling
scenario predicts.
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Magnetic field of neutron star precursors:
Wolf-Rayet stars

A.F. Kholtygin'*

! Astronomical Institute, Saint-Petersburg University, Russia

Detections of magnetic fields in O stars, combined with known strong fields in their
descendant neutron stars (NS) tell us that there is also a chance to observe magnetic
fields of the Wolf-Rayet (WR) stars. We review the newest results of the magnetic
field search in these objects [2]. The problems of the field detection associated with
the presence of winds exceeding by an order of magnitude those of O stars are also
discussed. We estimate the initial distribution of the magnetic fields for NS using our
measurements of the magnetic field values for O and WR stars [1, 3].
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Investigation of the interaction between the
two-flow magnetar jet and the interstellar medium

S. 0. Kiikov!'*

1 South Ural State University (National Research University), Prospect Lenina
76, Chelyabinsk, 454080, Russia

The interaction of the jet from a magnetar with the surrounding interstellar medium
is studied. The magnetar jet consists of the inner fast and outer slow flows. The inner
flow is launched from the central object or the innermost part of the accretion disk via
the open magnetic field lines threading the magnetar or the inner edge of the accretion
disk. The outer flow is launched from all parts of the accretion disk via the open
magnetic field lines anchored in the disk. The plasma parameters of the interaction
region between the two-flow magnetar jet and the interstellar medium are evaluated.
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Magnetocavitation mechanism of jet generation
from accreting magnetar

S. 0. Kiikov'*

1 South Ural State University (National Research University), Prospect Lenina
76, Chelyabinsk, 454080, Russia

The phenomenon of the jet generation from an accreting magnetar is studied. The
magnetocavitation mechanism as a possible mechanism of the jet generation is sug-
gested. According to this mechanism, the jet is produced because of the magneto-
spheric collapse associated with the processes of the magnetar quake, resonant inter-
action of the magnetosphere with the accreted plasma and actions of the shock waves
from the accretion disk of the magnetar. Although the proposed mechanism puts some
constraints on the jet parameters, the estimates of the jet parameters agree with the
observational data within these constraints. A comparison of the jet parameters with
those of the classical stellar wind, carried out in this work, reveals some laws governing
the flows of the space plasma.
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Evidence for Magneto-Levitation Accretion in the
6.7 h isolated X-ray pulsar 1E 161348-5055

N.R. Ikhsanov'?*, V. Yu. Kim'f, N. G. Beskrovnaya'¥, L. A. Pustil'nik®4?
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The point X-ray source 1E 161348-5055 is observed to produce pulsations with the
period of 6.67 hr. The source is associated with the 2000 yr old supernova remnant
RCW 103 and is widely believed to be a neutron star. Observations give no evidence for
the star to be a member of a binary system. Nevertheless, it resembles an accretion-
powered pulsar with the magnetospheric radius ~ 3000 km and the mass-accretion
rate ~ 10 gs~!. We show that the origin and the current state of the pulsar can be
explained in terms of an accretion from a fossil non-Keplerian magnetic disk (magnetic
slab) provided the surface magnetic field of the star is about 10'? G [1]. The origin and
basic parameters of the magnetic slab are briefly discussed.
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AMXP to MSRP : Transition (mis-)understood?
S. Konar'*, D. Bhattacharya?!, D. Mukherjee?!
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Inter-University Centre for Astronomy and Astrophysics, Pune, India

A neutron star in a low-mass X-ray binary (LMXB) have its magnetic field signifi-
cantly weakened (B < 10'° G) through an extended phase of accretion. The variety of
physical process taking place in such LMXBs are manifested as thermonuclear X-ray
bursts; accretion-powered millisecond-period pulsations; kilohertz quasi-periodic oscil-
lations; broad relativistic iron lines; and quiescent emissions [1]. These have given rise
to two exciting observational classes in recent times - the accreting millisecond X-ray
pulsars (AMXP) and the X-ray transients (XRT). An AMXP is an accretion powered
X-ray pulsar with ¥ > 100 Hz pulsations being seen in their persistent X-ray emis-
sions [2]. Because the accretion rates are extremely small (M < 107" Mg, /yr) in these
LMXBs having very small donor stars (M < 1 M), even the weak magnetic fields of
the neutron star manage to channel the flow of material. A fraction of the LMXBs
emit X-ray bursts in addition to the persistent X-ray flux, produced by thermonuclear
flashes of the freshly accreted matter. Underlying millisecond oscillations have now
been detected in 17 such objects. These are the XRTs. With many of the AMXPs also
showing bursts, it is now felt that these two groups are most likely identical.

0 ——— In this work we investigate two aspects of
: o 1 the AMXP/XRT generation. First, we exam-
1 ine whether the presently accepted theories of

| field evolution [3] in accreting neutron stars
oL 1 can generate both the observed millisecond ra-
H ﬂj | dio pulsar (MSRP) and the AMXP population
bbbl T and whether they come from similar progeni-
- -2 ~> tors. Next, we find that the spin-period distribu-
log P(s) tion of the AMXPs appear to be different from
Figure 1: Period histogram of that of the isolated MSRPs (which the AMXPs
AMXPs (red dotted) and isolated are expected to evolve into) as seen in Fig. 1.
MSRPs (blue solid). We compare the isolated MSRP population with
that evolved from the AMXP population using

a Monte-Carlo simulation and find that they remain different.
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Radio Pulsar Recycling : The HMXB Question

S. Konar!*
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The magnetic field of neutron stars, ranging from 10® G in millisecond radio pulsars
to 10 G in magnetars, either evolves spontaneously or as a consequence of material
accretion in binaries. This evolution effectively define the evolutionary links between
different types of neutron stars. Some of the evolutionary pathways, for example,
the connection between the ordinary radio pulsars and their millisecond cousins via
processing in low-mass X-ray binaries (LMXB) or intermediate-mass X-ray binaries

(IMXB), are now well established.
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Figure 1: Period histogram of all ra-
dio pulsars.

However, the evolution in high-mass X-ray
binaries (HMXB) has not yet been investigated

1 in detail. Neutron stars in HMXBs typically

have B, ~ 10 G and O or B type compan-

1 ions. Since the timescales in such massive bi-

naries are much smaller than those in LMXBs

1 or IMXBs, the change of the magnetic field and

the spin may not be significantly large. Inter-
estingly, the spin-period histogram of all radio
pulsars in Fig. 1 does indicate the existence of
a separate population between the normal and
the millisecond radio pulsars. In this work, we

look at the end products of evolution in HMXBs and examine whether any particular
sub-population of observed radio pulsars identify with them.
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Millisecond pulsars at low frequencies with LOFAR

V. 1. Kondratiev!** and LOFAR Pulsar Working Group
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We report on detection of 38 millisecond pulsars (MSPs) out of 55 observed so far
with LOFAR at the frequencies of 110-188 MHz. This is the largest sample of MSPs
ever observed and detected with a single radio telescope at these low frequencies. We
have also detected 3 MSPs out of 9 observed with LOFAR LBAs in the frequency
range of 38-77 MHz. We present the profiles of the detected MSPs, provide their flux
measurements at 150 MHz and compare them with the expected values. We also present
the measurements of the average values of dispersion measures (DMs) and discuss DM
and profile variations. This unique data set allows us to study with unmatched precision
pulse profile evolution with frequency, dispersion, rotation measure, and scattering
from the interstellar medium. Characterizing and correcting these systematic effects
will potentially improve pulsar timing precision at higher observing frequencies.
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Soft v-ray bursts as magnetoemission of junior
magnetar crusts

Yu. V. Korovina !, V.N. Kondratyev %3*

! Department of Technology, Moscow Institute of Open Education, Moscow, Rus-
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The ultra-magnetized astrophysical objects, i.e., magnetars, were invoked to inter-
pret the activity of soft gamma repeaters (SGRs) and anomalous X-ray pulsars (AXPs).
Various observational data for these pulsars strongly support the magnetar concept im-
plying, thereby, enormous stellar magnetization with field strengths up to hundred of
tera-tesla.

In this contribution the SGR burst emission is considered as a release of magnetic
energy stored in the baryonic degrees of freedom of the neutron star. Particular at-
tention is paid to magnetodynamics of the star outer crusts being plausibly composed
of well-separated magic nuclei, cf. [1]. The nuclear magnetization is demonstrated to
display the sharp abrupt field dependence due to quantization of spatial motion. As
shown for neutron star crusts such jump anomalies of magnetic moments in conjunction
with the ferromagnetic inter-nuclide coupling give rise to jerky magnetodynamics with
erratic sharp step-wise discontinuities in the crust (de)magnetization process due to
avalanche propagation. As a consequence, sudden energy release to the magnetosphere
leads to SGR-burst, cf. [1].

For a description of such noisy collective magnetoemission of neutron star crusts
we develop the Randomly Jumping Interacting Moments (RJIM) model accounting for
quantum fluctuations due to the discrete level structure, inter-nuclide coupling, disorder
and demagnetization energy. The comparison of model predictions with observational
data allows, therefore, to quantify crust properties. It is shown that the predicted by
RJIM model scaling behavior, e.g., for the burst intensity and waiting time distributions
are in a good agreement with SGR observations supporting thereby the credibility of
the RJIM model. Further implications of the proposed magnetic emission mechanism
in the analysis of the SGR activity can provide better understanding of the neutron
star crust, in particular, strengths and evolution of the magnetic fields.
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Electromagnetic tornado semiclassical quantization
and origin of the bands in the giant pulses
frequency spectrum of the Crab pulsar

V.M. Kontorovich!?*,
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Giant radio pulses of pulsars have a circular polarization and characteristic bands
in the inter pulse frequency spectrum (T.H. Hankins and J.A. Eilek, Ap.J., 670, 693,
2007), for which an adequate explanation is still absent. Assumptions made presently
about the nature of the bands use an analogy with the solar plasma effects, but in this
case the magnetic field must be sufficiently weak. Specifically, the formation of bands
has to be associated with a specially introduced dense region far away from the star
(near the light cylinder at the periphery of the magnetosphere). The model, which
we discuss below, uses the quantization of the electromagnetic whirlwinds (tornadoes)
introduced to explain the circular polarization of the giant pulses from pulsars. The
tornadoes can occur at breakdown in the inner gap of pulsars, the particle acceleration
region, located near the pulsar magnetic poles. They are cylindrical flows of electrons
(or positrons) rotating around their axes in crossed beam space charge field and super
strong magnetic field of the pulsar and they can be responsible for the generation of
giant pulses (V.M. Kontorovich, JETP, 110, 966, 2010). There are two branches in the
spectrum: the high energy modified Landau branch and the low energy drift one. The
colossal value of the magnetic field B ~ 102G leads to quantization of the electron
motion in the tornado. The result is the quantization of current in the gap, with the
quantum of current determined only by the magnetic field. In the context of pulsars in
such strong electric and magnetic fields and for the relativistic motion of particles it is
necessary to consider the possible influence of the electron spin on the quantization of
the electron motion as done in this report. In the quantization rule the electron spin
enters through the topological Berry phase. Just as in the absence of an electric field
by virtue of compensation of the orbital and spin terms there is no gap of zero-point
vibrations in the spectrum. Due to this fact the semiclassical quantization is possible.
The quantization allows one to offer a natural explanation for the observed bands in the
frequency spectrum of the inter pulse radiation of pulsar PSR J0534 +22 in the Crab
Nebula and to determine the tornado physical parameters. The relativistic aberration
allows us to understand the difference between the spectra of the main pulse and
the inter pulse at frequencies of emission mechanism change near the high-frequency
spectrum break of the Crab pulsar, where the bands are observed (V.M. Kontorovich
and A.B. Flanchik: Radio emission with acceleration of electrons in a polar gap of a
pulsar. Physics of Neutron Stars — 2011, Saint-Petersburg, Russia, Abstract book, p.75;
http://www.ioffe.ru/astro/NS2011/index.html). Some details of the observed spectral
bands (two maxima in the band, frequency trend etc.) are discussed and also provided
with a natural explanation in the framework of this model.
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Coulomb crystal mixtures in white dwarf cores and
neutron star crusts

A.A. Kozhberov!*, D. A. Baiko!

offe Institute, St. Petersburg, Russia

In a wide range of densities and temperatures of physical interest matter in white
dwarf cores and neutron star crusts can be modeled as a mixture of fully ionized atomic
nuclei with different charges and masses arranged in a body-centered cubic crystal
lattice and immersed into the uniform charge-neutralizing background of degenerate
electrons. In this work we study electrostatic and thermodynamic properties of such
substitutionally disordered Coulomb crystal mixtures composed of ions of two different
types. The applicability of results is discussed.
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The soft y-ray pulsar population and its link to the
Fermi-LAT pulsar population: a full high-energy
picture
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The Netherlands
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While at high-energy gamma-rays (> 100 MeV) the Fermi-LAT has already de-
tected more than 145 pulsars since its launch in June 2008, the number of pulsars seen
at soft gamma-rays (20 keV - 30 MeV) is still very limited, though steadily growing.

Namely, in recent years targeted deep radio and/or X-ray observations of Supernova
remnants, GeV and TeV sources and newly discovered INTEGRAL sources revealed
the presence of young and energetic pulsars, surrounded by bright pulsar wind nebulae.

Currently, the total number of detected soft gamma-ray pulsars counts 16 secure
members. The average characteristics of these soft gamma-ray pulsars differ from those
of the LAT detected pulsars. For instance, the Fermi LAT pulsar population typically
reaches its peak luminosity at GeV energies, while the soft gamma-ray pulsar popula-
tion does so at MeV energies. In this presentation I will discuss the characteristics of
this soft gamma-ray pulsar population in comparison with the Fermi LAT findings in
order to obtain a full high-energy picture of the pulsar population.

*E-mail: L.M.Kuiper@sron.nl
TE-mail: W.Hermsen@sron.nl
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Modeling the Luminosity Function of (Galactic
Low-Mass X-Ray Binaries

A.G. Kuranov'*, K. A. Postnov!, M. G. Revnivtsev?

ISternberg Astronomical Institute, Universitetskii pr. 13, Moscow, 119992 Russia
2Space Research Institute, ul. Profsoyuznaya 84 /32, Moscow, 117997 Russia

The evolution of the family of binaries with a low-mass star and a compact neutron
star companion (low-mass X-ray binaries (LMXBs) with neutron stars) is modeled by
the method of population synthesis. Continuous Roche-lobe filling by the optical star in
LMXBs is assumed to be maintained by the removal of the orbital angular momentum
from the binary by a magnetic stellar wind from the optical star and the radiation of
gravitational waves by the binary. The developed model of LMXB evolution has the
following significant distinctions: (1) allowance for the effect of the rotational evolution
of the magnetized compact remnant on the mass transfer scenario in the binary, (2) a
more accurate allowance for the response of the donor star to mass loss at the Roche-
lobe filling stage. The results of theoretical calculations are shown to be in a good
agreement with the observed orbital period — X-ray luminosity diagrams for persistent
Galactic LMXBs and their X-ray luminosity function. This suggests that the main
elements of binary evolution, on the whole, are correctly reflected in the developed
code. It is shown that most of the Galactic bulge LMXBs at luminosities L, > 1037
erg/s should have a post-main-sequence Roche-lobe-filling secondary component (low-
mass giants). Almost all of the models considered predict a deficit of LMXBs at X-ray
luminosities near ~ 10365 erg/s due to the transition of the binary from the regime of
angular momentum removal by the magnetic stellar wind to the regime of gravitational
waves (analogous to the widely known period gap in cataclysmic variables, accreting
white dwarfs). At low luminosities, the shape of the model luminosity function for
LMXBs is affected significantly by their transient behavior — the accretion rate onto
the compact companion is not always equal to the mass transfer rate due to instabilities
in the accretion disk around the compact object. The best agreement with observed
binaries is achieved in the models suggesting that heavy neutron stars with masses
1.4 — 1.9M;, can be born.

*E-mail: alexandre.kuranov@gmail.com
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Creation of electron-positron pairs at excited
Landau levels by a neutrino in a strong magnetic

field
A. V. Kuznetsov!*, D. A. Rumyantsev', V.N. Savin?

'P.G. Demidov Yaroslavl State University
2A.F. Mozhaiskiy Space Military Academy, Yaroslavl Branch

T — The rate of the energy deposition
ol nolEm) “""1 into the e¥ plasma through the process
i - I v— l/e(_n)e&) in a magnetic field of ar-
bitrary strength, where electrons and
{ positrons can be created in the states
1 corresponding to the ground and lower
1 excited Landau levels (n,f), is calcu-
1 lated. The calculation techniques can
E/m.. be found e.g. in Ref. [1], and the de-
2 tails will be published elsewhere [2]. In
Ref. [3], the formula (10) for the en-
Figure 1: The function f(F/m.) obtained in €rgy deposition rate was taken, which
the crossed field limit (dotted), with e"et cre- Was calculated in the crossed field limit
ated at the ground (0,0) Landau level (dashed), [4]. However, in the region of the phys-
and for the sum of lower (0,0), (1,0), (0,1), (2,0), ical parameters used in [3], the crossed
(0,2), (3,0), (0,3) Landau levels (solid). field limit could be inapplicable. We pa-
rameterize the energy deposition rate as: gy = (c2 + c2) oom? f(E/m.), where c,,c,
are the constants of the effective vvee Lagrangian, o = 4 G2 m? /7, and natural units
(¢c = h =1) are used. In Fig. 1, the function f(E/m.) is shown at B = 180B,. At
E = 10m,, the crossed field limit gives the result which is 10 times greater than the
sum over the lower Landau levels. On the other hand, the partial rate corresponding
to e"et created only on the ground Landau level is almost equal to the total energy
deposition rate.

The study was performed with the support by the Project No. 92 within the base
part of the State Assignment for the Yaroslavl University Scientific Research, and
was supported in part by the Russian Foundation for Basic Research (Project No.
14-02-00233-a).
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Supernova explosions and neutron stars

Bruno Leibundgut!*

'Buropean Southern Observatory, Karl-Schwarzschild-Strasse 2, 85748 Garching,
Germany

Observations of core collapse supernovae have revealed a very rich ensemble of
displays. The different observational features of supernovae will be linked to the un-
derlying physics as it is understood today. The identification of some of the progenitor
stars has filled an important piece of the puzzle. Another approach has been the asso-
ciation of neutron stars with supernova remnants and the search for neutron stars in
recent nearby supernovae.
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Constraining the Origin of Magnetar Flares
Bennett Link!'*

"Montana State University

Sudden relaxation of the magnetic field in the core of a magnetar produces me-
chanical energy primarily in the form of shear waves which propagate to the surface
and enter the magnetosphere as relativistic Alfvén waves. Due to a strong impedance
mismatch, shear waves excited in the star suffer many reflections before exiting the
star, giving a minimum rise time for the flare that is much longer than oberved rise
times of < 10 ms for both small bursts and for giant flares. Mechanisms for flares that
rely on the sudden relaxation of the magnetic field of the core are rendered unviable
by the impedance mismatch, requiring the energy that drives these events to be stored
in the magnetosphere just before the flare.

*E-mail: link@physics.montana.edu
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Accuracy of surface gravity and gravitational
redshift determination for neutron stars in X-ray
bursters from simulated LOFT spectra

A. Majczyna'*, A. Rézanska®’, J. Madej®, M. Nalezyty>*

!National Centre for Nuclear Research; ul. Andrzeja Soltana 7, 05-400 Otwock
2N. Copernicus Astronomical Center; ul. Bartycka 18, 00-716 Warsaw

3 Astronomical Observatory University of Warsaw; Al. Ujazdowskie 4, 00-478

Warsaw
4Narcyza Zmichowska XV High School; ul. Klonowa 16, 00-591 Warsaw

We present sample simulated spec-
trum of a hot neutron star as seen
by the LAD detector on board of
the LOFT satelite. The spectrum
was computed for parameters: the
effective temperature Teg=22 mln K,
the surface gravity log(g)=14.3 (cgs)
and the surface gravitational red-
shift z=0.3. We assumed hydrogen,
helium and iron composition of so-
lar proportion. These parameters
correspond to the compact star in
a Type I X-ray burster. Fitting
the simulated spectrum to our ex-
N T tensive grid of 4200 model spectra

14.25 14.3 14.35 with XSPEC 12.0.8 software resulted
log(g) in previously assumed values of all
three parameters (Teg = 2.2 x 107
Figure 1: 30 confidence contour of our fitting K, log(g)=14.30 and z=0.30) with 30
procedure calculated on log(g)-z plane. Cen- confidence ranges of z=0.25-0.35 and
tral red cross denotes position of the simulated log(g)=14.27-14.35.
model and green crosses denote fitted models for
which X2, is close to the minimum and fulfil the
inequality Xreqmin < Ximin < Xred;min T 11.8-

0.4

0.35

0.3
N

D.25

T | 1T T 7T l 1T T T | 1T T 7T l LI L |
X
1 I L1 1 | | L1 1 1 I L1 1 | I | I I

0.2

*E-mail: agnieszka.majczyna@fuw.edu.pl
"E-mail: agata@camk.edu.pl



Physics of Neutron Stars — 2014 79

Detection of radio emission of 59 ms pulsar
J141256.04-792204 (Calvera)

V.M. Malofeev!*, O.1. Malov!, S. V. Logvinenko!

'Pushchino Radio Astronomy Observatory ASC LPI, Pushchino, Russia

We report on the first time detection of weak radio emission from X-ray and gamma-
ray pulsar in Calvera [1]. This isolated neutron star can be a member of the CCO
group or an old millisecond pulsars. We have measured the pulse profile, the dispersion
measure and have made a flux density estimate. The observation has been made at 111
MHz using the Large Phased Array (Pushchino) and a digital receiver. This work was
supported by the Russian Foundation for Basic Research (project no. 12-02-00661).
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On radio emission of anomalous pulsars
[.F. Malov!*

'Pushchino Radio Astronomy Observatory, Astro Space Center, Lebedev Physical
Institute, Moscow region, 142290, Russia

Earlier we have estimated angles between rotation axes and magnetic moments of
neutron stars in a number of anomalous X-ray pulsars. It was shown that these angles
were small and we could use the drift model to describe such objects. The peculiar
feature of their magnetospheres is a larger size in comparison with the magnetospheres
of the orthogonal rotators. In this case the conditions are fulfilled for generation of
transverse waves due to the cyclotron instability. Spectra of generated emission are
expected to be very steep (their spectral indices must be o > 3). This prediction is
in a good agreement with the observed values of spectral indices for radio emission of
AXPs (a > 2). Large magnetospheres permit the formation of sufficient pitch-angles
of relativistic electrons and generation of the synchrotron radiation. Maximum of this
radiation is in the microwave range. Such a mechanism gives rather high flux densities
at frequencies of the order of tenths of GHz which can explain the observed growth of
radiation intensities of AXPs in this range.

This work was financially supported by the Russian Foundation for Basic Research
(project code 12-02-00661) and the Basic Research Program of the Presidium of the
Russian Academy of Sciences “The Origin, Structure, and Evolution of Objects in the
Universe”.
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X-rays emission from isolated pulsars

Sandro Mereghettil*

INAF, TASF-Milano

I will review the properties of the X-ray emission from different classes of isolated
neutron stars, concentrating on the main observational results obtained in the three
years since the last conference in this series.
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Pulsar Polarimetry

R. Mignani!?*, A. Shearer®, P. Moran®, A. Slowikowska?

INAF - Istituto di Astrofisica Spaziale e Fisica Cosmica Milano, via E. Bassini
15, 20133, Milano, Italy

2Kepler Institute of Astronomy, University of Zielona Géra, Lubuska 2, 65-265,
Zielona Goéra, Poland

3Centre for Astronomy, National University of Ireland, Newcastle Road, Galway,
Ireland

Polarisation measurements of pulsars offer unique insights into their highly-
magnetised relativistic environments and a prime test for neutron star magnetosphere
and emission models. Besides the radio band, optical observations are best suited to
these goals, with X-ray polarimetry still moving its first steps. Unfortunately, optical
polarisation measurements exist for a handful of pulsars only. Nonetheless, in the case
of the Crab and Vela pulsars, they showed an intriguing alignment between the po-
larisation direction, the pulsar proper motion, the neutron star rotation axis, and the
axis of symmetry of the X-ray nebula detected by Chandra. This alignment indicates
a possible connection between the pulsar magnetospheric activity and the dynamical
interactions occurring between the pulsar and its synchrotron nebula. In recent years,
our group both constantly monitored the phase-resolved polarisation of the Crab pulsar
and obtained phase-average polarisation measurements of all the brightest pulsars down
to the magnitude of 25. In this contribution, we present the latest results of our pulsar
optical polarisations measurements and outline future perspective of observations with
both high-time resolution instruments and the E-ELT.

*E-mail: mignani@lambrate.inaf.it
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Search for Stable Magnetic Equilibria in Barotropic
Stars

J. P. Mitchell"?*, J. Braithwaite!, N. Langer!', A. Reisenegger?, H. Spruit?

! Argelander Institut, University of Bonn, Auf dem Huegel 71, 53121 Bonn - Ger-
many

Instituto de Astrofisica, Facultad de Fisica, Pontificia Universidad Catélica de
Chile, Av. Vicuna Mackenna 4860 7820436 Macul, Santiago - Chile

3Max-Planck-Institut fiir Astrophysik, Karl-Schwarzschild-Str. 1, D-85748 Garch-
ing, Germany

It is now believed that magnetohydrodynamic equilibria can exist in stably strat-
ified stars due to the seminal works of [1, 2]. What is still not known is whether
magnetohydrodynamic equilibria can exist in a barotropic star, in which stable strat-
ification is not present. It has been conjectured by [5] that there will likely not exist
any magnetohydrodynamic equilibria in barotropic stars, which may be of importance
in neutron stars. Although neutron stars are compositionally stratified in their cores,
the processes of ambipolar diffusion and weak decays [3, 5| can erase composition
differences and erode the stable stratification. This will result in the neutron star be-
having as a stably stratified star on short timescales, and a barotropic star on longer
timescales. We aim to test the claim of [5] by presenting preliminary MHD simulations
of barotropic stars using the three dimensional stagger code of [4].
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X-ray pulsars: on the verge of a final understanding

A. A. Mushtukov!®3* V.F. Suleimanov*®, S.S. Tsygankov®!, J. Poutanen'

ITuorla observatory, Department of Physics and Astronomy, University of Turku,
Finland

2Pulkovo Observatory of Russian Academy of Sciences, Saint-Petersburg, Russia

3Sobolev Astronomical Institute, Saint Petersburg State University, Saint-
Petersburg, Russia

4Institut fiir Astronomie und Astrophysik, Kepler Center for Astro and Particle
Physics, Universitat Tiibingen, Germany

®Kazan (Volga region) Federal University, Kazan, Russia

Finnish Centre for Astronomy with ESO (FINCA), University of Turku, Finland

Cyclotron resonance scattering features are observed in the spectra of some X-ray
pulsars and show significant changes in the line energy with the pulsar luminosity. In
the case of low luminosity sources the line centroid energy is correlated with the lumi-
nosity while the bright ones show an anti-correlation. Such a change in the behavior is
often associated with the onset and growth of the accretion column, which is believed
to be the origin of the observed emission and the cyclotron lines for bright objects. In
our work we find the critical value of the luminosity above which the accretion column
appears over the neutron star surface [1]. For the first time the resonant scattering is
taken into account. We also review the paradigm of the line formation in the case of
the bright sources [2]. We argue that a more physically realistic situation is that the
cyclotron line forms when the radiation emitted by the accretion column is reflected by
the neutron star surface. The idea is based on the fact that a substantial part of the
column luminosity is intercepted by the neutron star surface and the reflected radiation
should contain absorption features. The reflection model is developed and applied to
explain the observed variations of the cyclotron line energy in a bright X-ray pulsar V
0332+53 over a wide range of luminosities. The model gives clear and easily verified
predictions. The obtained results are waiting for their check, which could happen any
day now with the currently operating and planned missions.
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Synchrotron Radiation by Ultra- and Moderate
Relativistic Electrons

D. I. Nagirner'*

!Saint-Petersburg State University, Russia

A generalization of the Schott formula, which defines radiation of a single electron
rotating in the plane perpendicular to the magnetic field, to the case of electron moving
along a spiral is derived using simple relativistic considerations. No restrictions are set
on the electron energy. For a given radiation frequency we calculate the emissivity of
electrons in a given direction in this line and in all the lines which contribute to the
emission at this frequency. Then we obtain the emissivity for the ensemble of electrons
of fixed energy and for electrons with an axisymmetric distribution function. Particular
cases of the total radiation (in all directions) and of an isotropic electron distribution
have been also considered. A comparison of our results with the canonical theory of the
synchrotron radiation has shown that in the case of ultra-high energies our equations
transform into the conventional form. Similar expressions have been derived for the
Stokes parameters of the polarized radiation, and the matrix of absorption coefficients
has been obtained. This allows us to formulate the kinetic equation, describing multiple
actions of the mechanism with account of the polarization and the induced radiation.
Numerical codes for computing the values of these parameters have been created. The
results can be applied to the interpretation of spectra of jets in AGN and binary systems
containing black holes or neutron stars.
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Heavy metal neutron star atmosphers
J. Nattilal*, V. F. Suleimanov?®3, J. Poutanen'

'Tuorla Observatory, University of Turku, Viisildntie 20, 21500, Piikki6, Finland

2Institut fiir Astronomie und Astrophysik, Kepler Center for Astro and Particle
Physics, Universitat Tiibingen, Sand 1, D-72076 Tiibingen, Germany

3Kazan (Volga region) Federal University, Kremlevskaja str., 18, Kazan 420008,
Russia

Cooling of the neutron star (NS) type-I X-ray bursts from low-mass X-ray binaries
can be used to study properties of matter at supranuclear densities. By comparing
the observed time-resolved spectra with theoretical atmosphere models we can set
constraints on the mass and radius of the NSs. The accuracy of these basic parameters
is, however, limited by uncertainties in the chemical composition of the atmosphere.

The outer envelope of the NS is usually assumed to consist of pure hydrogen,
helium or a (solar) mixture of the two, originating from the accreted matter from the
companion star or from the interstellar matter. Recent simulations, however, indicate
that the top layers are well mixed with the ashes of nuclear burning. The presence of
these heavy element ashes can then change the pure H-He spectra significantly.

To investigate the effects arising from these heavy metals, we compute a detailed
grid of atmosphere models with different exotic chemical compositions. We especially
focus on iron compositions because iron is thought to be the most stable element
on the surface of the NS. Our calculations are done in the local thermodynamical
equilibrium using the plane-parallel approximation. Compton scattering is taken into
account using the exact relativistic angle-dependent redistribution function. From
the emerging model spectra we compute the color correction factors f. that can be
then compared to observations to get information of the chemical composition and to
constrain the mass and radius of the NS.

*E-mail: nattila.joonas@Qgmail.com
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High-Energy Emission of PSR B1937+21
C.-Y. Ng'* J. Takata!, G. C. K. Leung!, K. S. Cheng!, P. Philippopoulos?

!Department of Physics, The University of Hong Kong
2Department of Physics, McGill University

PSR B1937421 is the first millisecond pulsar (MSP) detected and it is representa-
tive of an emerging class of MSPs that shows aligned pulse profiles in different energy
bands [1]. We report on a study of the high-energy emission of the pulsar using archival
Chandra, XMM-Newton, and Fermi LAT observations. Our results indicate that the
pulsar X-ray emission is ~100% pulsed and has a purely non-thermal spectrum with a
hard photon index of 0.9 £+ 0.1. Using 5.5yr of Fermi survey data, we have obtained
significantly improved constraints on the pulsar’s gamma-ray timing and spectral prop-
erties. The pulsed spectrum is adequately fitted by a simple power-law with a photon
index of 2.38 & 0.07, and an exponential cutoff power-law model is not much better.
Both the gamma-ray and X-ray pulse profiles exhibit similar two-peak structure and
generally align with the radio peaks.

A comparison with other MSPs

10° ' ' ' ' ' ' I suggest that the aligned profiles and
PSR B1937+21 . .
, . Curvature the hard spectrum in X-rays could
10} Fermiobs. e IC ——- 1 .
X-ray obs. —— Synchrotron be common properties among MSPs

ot | with high magnetic fields at the light
cylinder. We discuss a simple model
in which the non-thermal X-rays are
contributed by IC scattering between
radio waves and primary particles in
the outer magnetosphere and by syn-
‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘ chrotron radiation from secondary
o ey T particles.  As shown in Figure 1,
this toy model is capable to qualita-

Figure 1: Broadband spectral energy distribu- tively reproduce the observed spec-
tion of PSR B1937+21 from X—rays to gamma- tral energy distribution in X-rays
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rays. and gamma-rays.
JT, GCKL, and KSC are supported by a GRF grant of Hong Kong Government
under HKU7009/11P.
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Measurements of Neutron Star Masses
David J. Nicel'*

Lafayette College, Easton, Pennsylvania, USA

The observed distribution of masses can be used to constrain the equation of state
for nuclear matter and to study astrophysical processes such as supernovae and binary
star evolution. A question of particular interest is: “how heavy can a neutron star be?”

Neutron star masses can be inferred from observations of binary radio pulsar sys-
tems, particularly by the measurement of relativistic phenomena within these orbits. I
will describe techniques used to make these mass measurements, and I will summarize
the presently observed distribution of neutron star masses.
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The structure of the magnetosphere of radio
pulsars with interpulses

I.F. Malov'*, E.B. Nikitina'f

'Pushchino Radio Astronomy Observatory, Astro Space Center of P.N. Lebedev
Physical Institute, Russian Academy of Sciences

Pulsars with interpulses - pulse components located between the main pulses -
are investigated. About 50 such objects are known at this moment. The previously
developed methods to estimate the angle between the rotation axis and the magnetic
moment of a neutron star have been used to determine the magnetosphere geometry
of these objects. For some pulsars < 20° and we can expect not only interpulses but
also interpulse radiation and a correlation of the behaviour of the interpulses and the
main pulses for those pulsars as well. This angle is more than 60° for other pulsars, and
the appearance of the interpulses is possible if the radiation cone is sufficiently wide
and there is a favorable orientation of the line of sight to the observer. We confirm
the suggestion made earlier about two types of pulsars with interpulses - aligned and
orthogonal ones. Estimates of the pulsar ages for these two groups indicate that the
aligned rotators are several times older than the orthogonal ones.

This work was supported by the Russian Foundation for Basic Research (project 12-
02-00661) and the Basic Research Program of the Presidium of the Russian Academy
of Sciences “Non-stationary Phenomena in Objects of the Universe”.
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Analytic approximations for electron-nucleus bremsstrahlung neutrino
emissivity in a neutron star crust of any composition

D.D. Ofengeim!'*, A.D. Kaminker'?, D. G. Yakovlev?

1St. Petersburg State Polytechnical University, Russia
2Toffe Institute, St. Petersburg, Russia

Neutrino bremsstrahlung emission due to collisions of electrons with atomic nuclei,
e+ (Z,A) - e+ (Z,A) + v+ 1, is an important mechanism for cooling of warm
neutron star crust [1]. So far the neutrino emissivity of this process has been thoroughly
analyzed for the ground state composition of the crust. However, the composition of
the real crust can differ from the ground state especially if a star underwent a period
of long accretion. Thus, one needs to have the bremsstrahlung neutrino emissivity for
a wide range of nuclear compositions of the matter.

We have calculated the required neutrino emissivity using the formalism of Ref. [2].
The results are valid for the inner and outer neutron star crust provided the electrons
are strongly degenerate and relativistic. The atomic nuclei are assumed to constitute
either a strongly coupled Coulomb liquid or a crystal. Both, static lattice and phonon
contributions to the neutrino emission in the crystal phase are included taking into
account the electron band structure effects and the Debye-Waller factor. The nuclei
are thought to be spherical, their size and mass are treated as free parameters. The
emissivity is expressed through a generalized Coulomb logarithm, whose calculated
values are fitted by analytic formulas as functions of free parameters of the problem.
The results are expected to be valid in the density range from ~ 108 to ~ 10* g cm ™3,
at temperatures from ~ 107 to ~ 10° K, as well as for representative ranges of nucleus
charge and mass numbers [Z = 6 — 50, A = (2 — 3) Z] and proton core radius r,
(up to 1/3 of the radius of the Wigner-Seitz cell). A total number of baryons in the
Wigner-Seitz cell (bound in nuclei and free) ranges from A to ~ 1000.

The results can be useful for simulating a number of processes in neutron star crusts
(like thermal evolution and relaxation) and in the cores of massive white dwarfs.

The authors are grateful for the partial support by the State Program Leading
Scientific Schools of RF (grant NSh 294.2014.2). The work of AK and DY by was also
partially supported by RFBR (grants Nos. 14-02-00868-a), and the work of DG by the
RFBR grant 13-02-12017-ofi-M.
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Spontaneous Fission and Production of
Cosmochronometer Nuclei in the r-process!

I. V. Panov'*

1SSC RF Institute for Theoretical and Experimental Physics, Moscow, Russia

One of the most important subjects of the r-process investigation is the character
of the nucleosynthesis in the region of transuranium nuclei, where fission impedes both
the passage of the nucleosynthesis wave in the region of actinides and the production
of superheavy elements. The inclusion of fission results in a change in the yields of
actinides, in particular, the cosmochronometer nuclei and, thereby, in the age of the
Galaxy determined by the isotopic ratio method. The set of main cosmochronometer
nuclei includes eight isotopes with the half-lives from 107 to 10! yr. Uranium (A =
235, 238) and thorium (A = 232) isotopes are usually used to determine the age of the
Galaxy. Plutonium-244 is also sometimes considered, but data on its abundance have
large errors.

In this work, we have applied the Swiatecki formula [1] for logT to the calculations
of heavy element abundances [2] in the scenario of neutron star mergers [3]. It includes
the dependence both on the fission barrier and on the fission-ability parameter fitted
[4] to the calculations of the spontaneous fission within the macroscopic-microscopic
model [5].

We have considered the variation of the calculated abundances of these elements
for the duration of the nucleosynthesis from 3 x 10® to 4 x 10° yr. We conclude that
the predictions for the spontaneous fission rates within the phenomenological model
based on the calculations of the spontaneous fission rates of superheavy nuclei in the
macroscopic-microscopic model are in a good agreement with observations and should
be used in the calculations of nucleosynthesis.
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Observations of Accretion Powered X-ray Pulsars
A. Patruno’?*

'TLeiden Observatory, Leiden University, The Netherlands
2ASTRON, the Netherlands Institute for Radio Astronomy, The Netherlands

Accretion Powered X-Ray Pulsars in low and high mass X-ray binaries are excel-
lent laboratories that can be used to test several aspects of accretion and neutron star
physics in the most diverse environments. In this review I discuss the peculiarities and
similarities of accreting X-ray pulsars that have emerged in the last few years.

I start by reviewing the main families of accreting pulsars: those in high mass X-
ray binaries, slowly spinning accreting pulsars in low mass X-ray binaries and accretion
powered millisecond pulsars. I will then focus on some surprising similarities that very
different classes of objects share, highlighting in particular the recently discovered
transitioning pulsar systems, i.e., accreting neutron stars that cyclically switch off
accretion and turn on their pulsations at radio wavelengths. I will finally conclude by
discussing the most urgent open problems that remain to be solved in the future.
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Mass loss rates in X-ray binaries simulated by
MESA

K. Pavlovskii'*, N. Ivanova!

'University of Alberta, 116 St. and 85 Ave., Edmonton, AB, Canada

X-ray binaries consisting of a neutron star and a mass transferring companion
present an opportunity to test the parameters of neutron stars observationally. The
mass transfer rate in an X-ray binary depends in part on the response of the donor to
mass loss and in part on the adopted model of the mass transfer. In the recent years,
modern and advanced stellar codes, such as MESA /star and MESA /binary have been
used to simulate such systems. We explore some reasons due to which these simulations
may produce misleading results. We provide prescriptions that help eliminate some
issues of physical and numerical nature that affect the results. We show that certain
X-ray binaries might have lower mass transfer rates than previously thought.
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The Physics of Magnetars and Their Astrophysical
Significance

Qiu-he Peng!*

!The Nanjing university

1. We present the microscopic origin of the super strong magnetic fields in mag-
netars. The ultra-strong magnetic fields of the magnetars originate really from the
induced paramagnetic moment of the 3P, superfluid if the mass of the superfluid sig-

nificantly exceeds 0.1 M and the interior temperature 77 < n is below the Curie
m(P) »—3 [(SPQ)An
0.1M, *'NS,610.050MeV
tron P, Cooper pair. In this case, a phase transition occurs from paramagnetism to
ferromagnetism due to the induced paramagnetic moment of 3P, Cooper pairs in the
presence of the background magnetic field. The upper limit of the magnetic field of
the magnetars is B™ _(3P,) ~ 2.02 x 101y G.

2. We find that the electron Fermi energy, Fr(e) , increases with the magnetic field
strength and is proportional to BY* . We note that this result is exactly the opposite of
the popular idea that the electron Fermi energy decreases with the magnetic field. The
key reason for the dilemma is that an incorrect formula for the microscopic number of
states of electrons in an intense magnetic field from some internationally well known
popular textbooks on statistical physics has been repeatedly quoted by many authors.

3. We propose a new mechanism for the production of the high soft X-ray lumi-
nosities of magnetars. In particular, the Fermi energy of the electrons is higher than 60
MeV in ultra-strong magnetic fields, B > B., (B., = 4.414 x 10'3 G), which is much
higher than the Fermi energy of the neutrons. In this case, the process of electron
capture (EC) by protons around the proton Fermi surface would dominate in magne-
tars. The outgoing high-energy neutrons due to the EC process can easily destroy the
3P, Cooper pairs through the nuclear strong interaction. When one Cooper pair is
destroyed, the orderly magnetic energy 2u, B would be released and transformed into
the disorderly thermal energy, which may then be radiated as soft X-rays. The energy
is in the X-ray — soft y-ray range. The total magnetic energy of P, Cooper pairs can

be estimated as 1 x 1047315’3(13_]\1;2;

10476 yrs for Lx ~ 103 — 103 erg/s per magnetar. We have also calculated the theo-
retical luminosities of magnetars, and our results compare very well with observations
of magnetars.

112, where A, (*P,) is the energy gap of the neu-

temperature, n =

ergs. This energy release can be maintained over
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Towards general-relativistic pulsars magnetospheres
Jérome Pétril*

!Observatoire Astronomique de Strasbourg, Université de Strasbourg, CNRS,
UMR 7550, 11 rue de I’Université, 67000 Strasbourg, France

Pulsars are believed to lose their rotational kinetic energy primarily by a large am-
plitude low frequency electromagnetic wave which is eventually converted into particle
creation, acceleration and is followed by a broad band radiation spectrum [1]. To date,
there exist no detailed calculation of the exact spin-down luminosity with respect to the
neutron star magnetic moment and spin frequency, including general-relativistic effects.
Estimates are usually given according to the flat spacetime magnetodipole formula [2].
In this talk I will present accurate solutions of the general-relativistic electromagnetic
field around a slowly rotating magnetized neutron star. I solve the full set of time-
dependent Maxwell equations in a curved space-time following the 3+1 formalism [3].
The numerical code is based on the pseudo-spectral method [4]. T have adapted it to
an arbitrary fixed background metric. Stationary solutions are readily obtained and
compared to semi-analytical calculations [5]. T will also present some new results on its
extension to force-free monopole solutions in general relativity [6] and discuss possible
extension of this work.
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Phase-resolved polarization properties of the pulsar
striped wind synchrotron emission

Jérome Pétril*

LObservatoire Astronomique de Strasbourg, Université de Strasbourg, CNRS,
UMR 7550, 11 rue de I’Université, 67000 Strasbourg, France

Since the launch of the Fermi telescope six years ago, many new gamma-ray pulsars
have been discovered with intriguing properties challenging our current understanding
of pulsar physics [1]. Observations of the Crab pulsar furnish today a broad band
analysis of the pulsed spectrum with phase-resolved variability allowing to refine ex-
isting models to explain the pulse shape, the spectra and the polarization properties.
The latter gives insight into the geometry of the emitting region as well as on the
structure of the magnetic field. Based on an exact analytical solution of the striped
wind with a finite current sheet thickness, we analyze in detail the phase-resolved po-
larization variability emanating from the synchrotron radiation [2]. We assume that
the main contribution to the wind emissivity comes from a thin transition layer where
the dominant toroidal magnetic field reverses its polarity, the so-called current sheet.
The resulting radiation is mostly linearly polarized. In the off-pulse region, the electric
vector lies in the direction of the projection onto the plane of the sky of the pulsar
rotation axis. This property is unique to the wind model and is in a good agreement
with the Crab data. Other properties such as a reduced degree of polarization and a
characteristic sweep of the polarization angle within the pulses are also reproduced.
These properties are qualitatively unaffected by variations of the wind Lorentz factor,
the lepton injection power law index, the contrast in hot and cold particles, the oblig-
uity of the pulsar and the inclination of the line of sight. The influence of the particle
distribution function on the light-curves has been investigated in a previous paper [3].
Synchrotron cooling leptons reheated by magnetic reconnection can also account for
the gamma-ray pulsar luminosity as explained in [4].
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Recent advances in modeling pulsar magnetosphere
A. Philippov!*, A. Spitkovsky', A. Tchekhovskoy??

'Department of Astrophysical Sciences, Peyton Hall, Princeton University,
Princeton, NJ 08544, USA

2University of California Berkeley, Berkeley, CA 94720-3411
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USA

We present new results on MHD model-
mmmmm ing of a pulsar magnetosphere: the theory

I of the pulsar obliquity angle evolution [1]
‘o and the structure of the pulsar wind [2].
' We demonstrate that the structure of
the pulsar wind is laterally and azimuthally
ﬁf - non-uniform. We demonstrate that this
I non-uniformity leads to the dependence of
i the pulsar spindown luminosity, L o (1 +

sina), on the pulsar inclination angle, a.
We devise an analytical fitting model for the
structure of the pulsar wind and present a
direct comparison to 3D simulation results.

We also present the quantitative theory
of the pulsar obliquity angle evolution. On
general symmetry grounds we show that if a
neutron star is spherically symmetric and is
endowed with a dipolar magnetic moment,
the pulsar evolves such as to minimize its
spindown luminosity. We find that plasma-filled pulsars align in a power-law manner
o t12,

Despite the fact that MHD modeling is extremely useful for understanding the
global structure of the pulsar magnetosphere, plasma instabilities and particle accel-
eration in the magnetosphere that are required for ultimate emission modeling cannot
be fully addressed within MHD or force-free approach, necessitating a kinetic treat-
ment. For this reason we perform “first-principles” relativistic particle-in-cell (PIC)
simulations of an aligned pulsar magnetosphere [3]. We calculate the magnetospheric
structure, current distribution and spin-down power of the neutron star. We also dis-
cuss particle acceleration in the equatorial current sheet (PIC solution does not have
any strong accelerating regions except for the current sheet).

Figure 1: 3D structure of aligned pulsar
magnetosphere obtained from PIC simu-
lations. Thick lines represent the mag-
netic field lines. Mean Lorentz factor
of particles averaged on a coarse grid is
shown as 3D volume rendering. Color
in the plane shows B, component of the
magnetic field.
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The maximum neutron star mass and thp role of
the enhanced vector meson interactions

M. Pienkos!*

YUniversity of Silesia, Uniwersytecka 4, 40-007 Katowice, Poland

The existence of massive neutron stars calls into question the possibility of the
emergence of hyperons in neutron star interiors. This motivates the study of models of
hyperon-rich matter of neutron stars. In an attempt to analyze neutron star properties
related to the strange, isospin asymmetric nuclear matter it is indispensable to select
a suitable equation of state.

The equation of state of dense nuclear matter is the most important factor that
determines not only the bulk of parameters but the internal structure of a neutron star
as well. The systematic study of the neutron star matter is done within the relativistic
mean field approach for different parameterizations. The characteristic feature of the
considered models is the extended isovector sector which comprises a broad spectrum
of mixed vector meson interactions.

The mixed vector meson interactions are very effective in describing the asymmet-
ric nuclear matter as they provide a modification of the density dependence of the
symmetry energy. The obtained parameterization in the isovector sector, which is re-
lated to the strength of the particular vector meson couplings, allows one to study
the influence of the remodeled symmetry energy on neutron star properties. For suffi-
ciently high density these models describe an additional repulsion in nucleon-hyperon
and hyperon-hyperon interactions. This has remarkable consequences for the stiffening
of the equation of state.

Analysis of non-linear models allows one to determine to what extent the change of
the vector meson coupling constants influences this additional repulsion in the system.
The vector meson coupling constants will be determine on the basis of SU(3) symmetry.
The influence of different hyperon-nucleon and hyperon-hyperon potentials also will be
included. Additionally, the presence of the scalar-isovector meson will be taken into
account. The extension of the isovecor meson sector links the asymmetry of the model
with the strangeness content and modifies the density dependence of the symmetry
energy.
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Radio and ~-ray light-curve morphology of young
pulsars: comparing Ferm: observations and
simulated populations

Marco Pierbattista'*, Isabelle Grenier?!, Alice Harding®, Peter Gonthier*

INCAC-PAS, Rabianska 8, PL-87-100 Torun, Poland
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3 Astrophysics Science Division, NASA GSFC, Greenbelt, MD 20771, U.S.A.
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In more than 5 years of sky surveying, the Large Area Telescope (LAT, [1]) on board the
Fermi satellite provided the highest statistics of y-ray-pulsar light curves ever. Studying their
morphological characteristics can help identifying the location of the y-ray emission region
in the pulsar magnetosphere, and discriminating radiation and geometrical models that best
explain the observations.

We have performed a morphological analysis of a number of y-ray and radio light curves
simulated according to several y-ray radiation models, namely Polar Cap (PC), Slot Gap
(SG), Outer Gap (OG), and One Pole Caustic (OPC), as well as to the radio core plus
cone radiation model, and assuming the emission geometry from [2]. References to radiation
models and simulation details can be found in [3]. For each model, a set of light-curve
parameters like the peak number, the light-curve symmetry and sharpness, the height of the
bridge between two peaks, among others, have been defined. Using these parameters we
have built a shape classification and studied how it changes with pulsar characteristics and
the emission model. We have applied the very same morphological analysis to the young
pulsars that appeared in the second LAT ~-ray pulsar catalog [4], and we have compared the
morphological properties of observed and simulated light curves.

We have found that all LAT-pulsar morphological characteristics such as ~-ray peak
multiplicity, peak separation as a function of the radio lag, and their respective distributions,
among others, are explained as a whole just by the outer magnetosphere OPC model. The
SG model gives a better explanation of the y-ray peak separation distribution since the OPC
apparently fails to explain the observed fraction of widely separated «-ray peaks. The classic
OG emission model fails to explain almost all observed morphological characteristics while
the PC model is completely ruled out as a possible emission geometry for the young ~-ray
LAT pulsars.
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Low-Frequency Evolution of Pulsar Profiles with
LOFAR

M. Pilia'* and LOFAR Pulsar Working Group

YASTRON, the Netherlands Institute for Radio Astronomy, Postbus 2, 7990 AA,
Dwingeloo, The Netherlands

We will present observations of the first 100 pulsars by the LOFAR telescope. LO-
FAR offers the unique capability of observing pulsars in a mostly unexplored range
of frequencies: the 10-240 MHz range with a large fractional bandwidth. We have
produced the cumulative pulse profiles of 100 pulsars in the 120-167 MHz range as well
as the 15-63 MHz profiles for 25 of these pulsars. We present the results of the multi-
frequency study of these profiles: we have followed the profile evolution from 1500
MHz to, where possible, 15 MHz. We have determined the relationship between this
evolution and the geometry and astrometric parameters of the pulsars, or the external
effects that alter the signal traveling towards us, prominent at lower frequencies.

In particular, we focused on the evolution of the profile with frequency: we will
present the evolution of the full profile width and that of its single components, in
the case of multiple peaks; also in the case of multiple peaks we have traced the
evolution of the ratio of the amplitudes of the two most prominent peaks. In this work
we show that the evolution of the profile width with frequency follows the so-called
radius-to-frequency mapping. We have found a good agreement of our data with the
empirical core + cones model from [2] and subsequent papers of the series, and with
the phenomenological model from [1].
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Evolution of strongly magnetised neutron stars:
The path from magnetars to normal pulsars

J.A. Pons!*

'Departament de Fisica Aplicada, Universitat d’Alacant, Ap. Correus 99, E-
03080 Alacant, Spain

Observations of magnetars and some of the high magnetic field pulsars have shown
that their thermal luminosity is systematically higher than that of classical radio-
pulsars, thus confirming the idea that magnetic fields are involved in their X-ray emis-
sion. In this talk I discuss the results of two-dimensional simulations of the fully coupled
evolution of temperature and magnetic field in neutron stars, including the state-of-
the-art kinetic coefficients and, for the first time, the important effect of the Hall term.
After gathering and thoroughly re-analysing in a consistent way all the best available
data on isolated, thermally emitting neutron stars, we compare our theoretical models
to a data sample of 40 sources (see http://www.neutronstarcooling.info/). We find that
evolutionary models can explain the phenomenological diversity of magnetars, high-B
radio-pulsars, and isolated nearby neutron stars by only varying their initial magnetic
field, mass and envelope composition. I will also discuss the expected outburst rates
and the evolutionary links between different classes.

This work was partially supported by grants AYA 2010-21097-C03-02, the Prom-
eteo program for research groups of excellence of the Generalitat Valenciana (Prome-
teo/2009/103), and the MPNS COST action “NewCompstar” (MP1304).
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Radiotransients and neutron stars

S.B. Popov'*, K. A. Postnov!?T

"Moscow State University, Sternberg Astronomical Institute, Russia

2Moscow State University, Department of Physics, Russia

Recently several types of radiotransients have been discovered. Such sources are of
special interest now as we are entering the era of sky monitoring in radio waves. In
this contribution we focus on two classes of transients.

In 2007 Lorimer et al. [1] discovered the first millisecond extragalactic radio burst.
In 2013 Thornton et al. [2] presented observations of four bursts of this type, thus con-
firming the existence of such class of transient phenomena. Several explanations have
been suggested. We focus on our idea [3, 4] that the bursts are related to hyper flares
of magnetars. Recently this proposal got support in the detailed study by Kulkarni et
al. [5]. The work by Lyubarsky [6] contains a theoretical description of a mechanism
of radio emission of such bursts. We demonstrate that from the point of view of statis-
tics, energetics etc. magnetar bursts at the moment are the best candidates to explain
millisecond extragalactic radio bursts.

In 2005 Hyman et al. [7] discovered a radio transient in the direction of the Galactic
center GCRT J1745-3009. This source demonstrated several flares in few years. We
discuss several mechanisms related to different types of isolated and binary neutron
stars to explain these observations (see some early results in [8]). Namely, a highly
magnetized neutron star on a propeller or a georotator stage, a transient propeller,
and an ejector in a binary system are discussed. Simple populational estimates favor
the transient propeller model.
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Geminga and PSR B1055-52: similar pulsars,
different PWNe

B. Posselt'*, G.G. Pavlov!!, G. Spence !, and the XVP PWN Consortium

!Pennsylvania State University, University Park, PA, USA

The ~-ray pulsars PSR B1055-52 and Geminga have similar spin-down energies
(E ~ 10* ergs™!), similar ages (a few 100 kyrs), and similar magnetic fields (~ 102 G).
Both pulsars are nearby and have very similar X-ray spectra consisting of non-thermal
and strong thermal components. Sharing so many important pulsar characteristics,
one difference is striking: Geminga has an impressive variable pulsar wind nebula
(PWN), consisting of three tails, two of them reaching sizes of about 3 arcmin. In
contrast to that, the PWN of B1055-52 is barely noticeable. We will present new X-
ray observations of both neutron stars targeting their PWNe. In addition to reporting
on our new findings, e.g., the changes seen in the Geminga PWN over time, or the
significance of extended emission around B1055-52, we will compare the properties of
these two pulsars and speculate about the reason why one produces an ostentatious
PWN and the other one does not.

i
Geminga i PSR B1055-52

3 arcmin

Figure 1: Chandra X-ray images of Geminga and PSR B1055-52 and their surroundings
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Nature of Bright Flares in Supergiant Fast X-ray
Transients

K. A. Postnov'*, N.I. Shakura!, L. Sidoli?, A. Paizis?
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2INAF, Istituto di Astrofisica Spaziale e Fisica Cosmica, Via E. Bassini 15, I-
20133 Milano, Italy

In steady low-luminosity states (~ 103 — 10% erg s7!), Supergiant Fast X-ray
Transients (SFXTs) can be at the stage of quasi-spherical settling accretion onto slowly
rotating magnetized neutron stars from the O-B companion winds. At this stage, a hot
quasi-static shell is formed above the magnetosphere, the plasma entry rate into the
magnetopshere is controlled by (inefficient) radiative plasma cooling, and the accretion
rate onto the neutron star is suppressed by a factor of ~ 30 relative to the Bondi-
Hoyle-Littleton value. About ~ 10% of hot O-B stars are observed to have magnetic
fields up to a few kG. We propose that the transition of SFXTs to the flaring stage
can be triggered by the transient capture of the magnetized stellar wind plasma, when
the magnetic reconnection facilitates the magnetospheric plasma entry. A bright flare
develops on the free-fall time scale in the envelope, and the typical energy released in an
SEXT bright flare correponds to the mass of the shell. This picture is consistent with
the energy released in SFXT bright flares (~ 103 — 100 ergs) their typical dynamic
range (~ 100 — 10000), and with the observed dependence of these characteristics on
the average unflaring X-ray luminosity of SFXTs.
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On the Asymptotic Structure of the Pulsar Wind

L.1. Arzamasskiy'*, V.S. Beskin'2f, V. V. Prokofev'

"Moscow Institute of Physics and Technology, Dolgoprudny, Institutsky per., 9,
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2P.N.Lebedev Physical Institute, Leninsky prosp., 53, Moscow, 119991, Russia

We investigate the asymptotic structure of the pulsar wind under force-free and
two-fluid MHD assumptions. Within the force-free approximation we obtain simple
asymptotic solutions of the Grad-Shafranov equation for quasi-spherical pulsar wind.
In the case of an oblique rotator we have a good agreement with results of recent
numerical simulations [1]. In particular, we show that the shape of the current sheet
found in [2] does not depend on the radial structure of the magnetic field.

For the internal region of the current sheet in the pulsar wind where the force-
free approximation is not valid we use the two-fluid approximation. Passing to the
comoving reference frame we determine the electric and magnetic field structure as
well as the velocity component perpendicular to the sheet. It allows us to estimate
the efficiency of particle acceleration. Finally, investigating the motion of individual
particles in the time-dependent current sheet we find self-consistently the width of the
sheet and its time evolution.
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LFN, QPO and fractal dimension of light curves
from X-ray binaries

A.V. Prosvetov!*, S. A. Grebenev!

1Space Research Institute (IKI), Moscow, Russia

The origin of the low frequency noise (LFN) and quasi-periodic oscillations (QPO)
observed in X-ray flux of Galactic black hole and neutron star binaries is still not
recognized in spite of multiple studies and attempts to model this phenomenon. There
are known correlations between the QPO frequency, X-ray power density, X-ray flux
and spectral state of the system, but there is no model that can make these dependences
understandable. For the low frequency ( 1 Hz) QPO we still haven’t got even an idea
capable of explaining their appearance and don’t know even what part of the accretion
disc is responsible for them. Here we have attempted to measure the fractal dimension
of light curves of several X-ray binaries and to study its correlation with the frequency of
quasi periodic oscillations observed in their X-ray light curves. The fractal dimension is
a measure of the space-filling capacity of the light curves’ profile. To measure the fractal
dimension we used the R/S method, which is fast enough and has good reputation in
financial analytics and in material science. We have found a clear correlation between
the QPO frequency and the fractal dimension of the sources’ emission. The relationship
between these two parameters is solid but nonlinear. We believe that the analysis of
light curves of X-ray binaries using the fractal dimension has a good scientific potential
and may provide an additional information on the geometry of the accretion flow and
on the fundamental physical parameters of the system.

*E-mail: prosvetov@gmail.com



Physics of Neutron Stars — 2014 107

Spin evolution of pulsars challenges conventional
accretion scenarios
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3Israel Cosmic Ray and Space weather Center of Tel Aviv University, Israel Space
Agency, and Golan Research Institute, Israel

4University ITMO, Saint Petersburg, Russia

Quasi-spherical and Keplerian disk accretion scenarios encounter major difficulties
explaining the origin and observed spin evolution of long-period X-ray pulsars. We show
that these difficulties reflect an oversimplification of the scenarios in which the magnetic
field of the accretion flow is neglected. We find that the accretion picture onto a neutron
star which captures material from a magnetized wind differs from those previously
suggested. It can be explained in terms of a dense non-Keplerian magnetic slab in which
the material is confined by its intrinsic magnetic field. This scenario (the so-called
Magneto-Levitation Accretion, MLLA) has initially been developed by G.S. Bisnovatyi-
Kogan and A.A.Ruzmaikin for the case of a black hole. We find that a neutron star
accreting material from the magnetic slab brakes harder and its magnetospheric radius
is significantly smaller than that evaluated in the traditional non-magnetic accretion
flow scenarios. We show that the mass-transfer towards the neutron star in MLA
scenario is governed by anomalous diffusion and the expected appearance of the MLA
pulsar is in a good agreement with observations.

*E-mail: nazar.r.ikhsanov@gmail.com
TE-mail: beskrovnaya@yahoo.com
{E-mail: yury.likh@gmail.com
$E-mail: levpust@post.tau.ac.il
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Figure 1: Smoothed HST UV (F140LP) image of J0437-4715 and its bow shock. The arrow shows
the direction of the proper motion. North is up.

The far-UV bow shock of the nearest millisecond
pulsar J0437—-4715

B. Rangelov!*, O. Kargaltsev!, G. G. Pavlov?, M. Durant®, A. M. Bykov*

!George Washington University, Washington, District of Columbia, United States
2Pennsylvania State University, University Park, Pennsylvania, United States
3University of Toronto, Canada

“Toffe Institute, St. Petersburg, Russia

Most pulsars are moving supersonically through the interstellar medium. The interac-
tion between the pulsar wind and the ambient medium gives rise to a bow shock. Most
of the bow shock pulsar wind nebulae have been found in X-rays while some are seen
in H, emission. In HST observations of the nearest millisecond pulsar J0437-4715, for
which an H, bow shock had been previously detected, we have discovered a bow shock
of a similar shape at far-UV wavelengths (1250-2200 A). Bow shocks at these wave-
lengths have neither been seen nor predicted by bow-shock models. We will discuss
the properties of the far-UV bow shock emission and implications of our discovery.

*E-mail: rangelovl3@gwu.edu
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The extreme activity of high and low magnetic field
magnetars

Nanda Real*

LCSIC-IEEC, University of Amsterdam, The Netherlands

I will review recent theoretical and observational results on strongly magnetized
neutron stars, then focus on the discovery of a few peculiar magnetars that have recently
changed, and deepened our understanding of these strong and bursting magnets. I
will briefly report on the connection between magnetars and normal pulsars, and on
an updated view of the Galactic neutron star census. These news results might have
important consequences also on other research fields such as gamma-ray bursts, massive
stars, and gravitational waves.

*E-mail: nanda.rea@gmail.com
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Magnetic field evolution in neutron stars

A. Reisenegger!*

nstituto de Astrofisica, Pontificia Universidad Catélica de Chile, Santiago, Chile

I will discuss our current theoretical understanding of the physical effects and pro-
cesses governing the evolution of magnetic fields, likely starting from stable MHD-
equilibrium configurations in newborn neutron stars, which then slowly evolve through
non-ideal MHD processes such as resistive dissipation and Hall drift in the crust, non-
equilibrium beta decays and ambipolar diffusion in the core. The energy dissipated
by these processes and their temperature-dependence lead to an interplay between the
thermal and magnetic evolution. I will give our current best guesses for their effects
in magnetars, classical pulsars, long-lived accreting low-mass X-ray binaries, and their
final state as millisecond pulsars.

*E-mail: areisene@astro.puc.cl
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Taking The Pulse of Transient Magnetars:
Connecting Their Long-term Spectral and Timing
X-ray Properties

G.A. Rodriguez Castillo™?*, G. Israel'f

INAF - Osservatorio Astronomico di Roma, via Frascati 33, 00040, Monte Porzio
Catone, Italy

2Dipartimento di Fisica, Sapienza Universita di Roma, Piazzale Aldo Moro 5,
00185, Rome, Italy

State-of-the-art coherent timing analysis and spectral analysis resolved in phase
and in time have been carried out for the first time on a magnetar and on a long
baseline. The results were used to investigate the spatial and temporal evolution of
the emission regions/components. Two transient magnetars, with different physical
properties, have been studied with unprecedented details, namely the anomalous X-
ray pulsar CXOU J164710.2-455216 and the soft ~-repeater SWIFT J1822.3-1606. In
particular, they went on outburst in 2006 and 2011, respectively, and showed a very
different outburst peak and decay behaviour. Moreover, they are characterized by
different, by about an order of magnitude, magnetic field strength, making their com-
parison a first attempt to understand the possible dependence (if any) of the overall
outburst properties on the magnetic field. We were able to identify different emission
components on different zones of the neutron star surface/magnitosphere, and to follow
their evolution through the outburst decay, covering an unprecedented time interval of
~ 3 and ~ 1.5 years, respectively. We have inferred the longest ever coherent timing
solution, through the whole outburst, allowing us to infer a new value of the magnetic
field for CXOU J164710.2-455216, well within the typical magnetar range (contrary
to the latest reports). Thanks to the high accuracy of the timing analysis we were
also able to significantly detect the second period derivative acting in the direction of
slowing the spin-down rate, suggesting that the neutron star is slowly recovering to its
pre-outburst value of the first period derivative (similarly to what is often observed in
the post-glitch trend of standard radio pulsars). For SWIFT J1822.3-1606, thanks to
the long baseline (1.5 yr) over which the timing analysis was carried out, we were able
to better constrain the timing parameters, strongly affected by timing noise during the
first months since its discovery. We have confirmed that this magnetar has the second
lowest value of the magnetic field strength, close to those inferred in several “high field”
standard radio pulsars.

*E-mail: grodriguezcas@gmail.com
"E-mail: gianluca@oa-roma.inaf.it
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Resonant mechanism of e"e~ pair production in a
strong magnetic field

D. A. Rumyantsev'*

'P.G. Demidov Yaroslavl State University, Russia

The scattering of the surface thermal X-ray photons off ultrarelativistic electrons
with electron-positron pair production, ve* — e*ete™, in the vicinity of a magnetar
polar cap was considered. It has been shown that the cyclotron resonances are respon-
sible for the main contribution to the amplitude. The simple analytical expression for
the electron absorption coefficient is obtained in the following form (the calculation
techniques can be found in Ref. [1]):

V[/:gTE (%)an (1—6_%)1. (3)

Here B is the external magnetic field, B, = m?/e ~ 4.41 x 10'® G is the critical
magnetic field, E is the initial electron energy, m is the electron mass, e > 0 is the
elementary charge, T is the temperature of the equilibrium photon gas and natural
units (¢ = h =k = 1) are used.

We have obtained the electron free path as ¢ ~ 57 cm. This value is very small in
comparison with the electric gap width (h ~ 100 m). On the other hand, the change
of the electron number in the stream can be expressed as N ~ 0.99N,, where N,
is the initial electron number in the stream. Thus, the process ye* — e*ete™ being
considered makes it possible to increase the number of particles of the electron-positron
plasma in the region of the polar cap.

The study was performed with the support by the Project No. 92 within the base
part of the State Assignment for the Yaroslavl University Scientific Research, and

was supported in part by the Russian Foundation for Basic Research (Project No.
14-02-00233-4a).
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Jets launched from accreting neutron stars: their
power and their magnetic fields

D. M. Russell'*

'New York University Abu Dhabi, PO Box 129188, Abu Dhabi, UAE

The fastest known flow of matter in our galaxy is reported to be launched from a
neutron star X-ray binary (NSXB), Cir X-1 (Lorentz factor ~ 10). Relativistic jets have
now been observed from several NSXBs at radio frequencies, and could be responsible
for removing a significant amount of angular momentum and energy from the accretion
flow, therefore affecting the long term neutron star spin evolution. Recently, evidence
for synchrotron emission from jets in NSXBs has been mounting, from optical /infrared
spectral, polarimetric, and (possibly) fast timing signatures. Synchrotron emission
from jets can be highly linearly polarised, depending on the configuration of the mag-
netic field. Here, I present our latest results on this topic, including time-resolved
polarisation measurements which constrain the structure of the tangled magnetic field
near the jet base, and the location of the elusive jet spectral break in the broadband
spectrum (a break in the power laws from optically thick to optically thin synchrotron
emission, near the jet base). Apparent variability of the polarisation is suggestive of a
tangled and turbulent magnetic field at the location of the compact jet base. The jet
spectra and jet breaks (which are generally located at infrared wavelengths) provide
us with the most accurate estimates of the total jet power as a fraction of the mass
accretion energy, which may vary substantially from source to source. The radio/X-ray
and infrared/X-ray correlations for neutron stars are discussed, and these and the jet
powers and magnetic field properties are briefly compared to the black hole systems,
allowing us to assess whether there could be a common jet launching mechanism for
all compact objects.

*E-mail: dave.russell@nyu.edu
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On the thickness of accretion curtains on
magnetized compact objects from analysis of their

fast aperiodic time variability

A.N. Semena'*, M. G. Revnivtsev'

ISpace Research Institute RAS, Moscow, Russia

It is widely accepted that accretion onto magnetized compact objects is channeled
to some areas close to magnetic poles of the star. Thickness of this channeled accretion
flow intimately depends on details of penetration of highly conducting plasma of the
flow into the compact object magnetosphere, i.e., on magnetic diffusivity etc. Until
now our knowledge of these plasma properties is scarce. In our work we present our
attempts to estimate the thickness of the plasma flow on top of the magnetosphere from
observations of accreting intermediate polars (magnetized white dwarfs). We show that
properties of an aperiodic noise of accreting intermediate polars can be used to put
constraints on cooling time of hot plasma, heated in the standing shockwave above the
WD surface. Estimates of the cooling time and the mass accretion rate provide us with
a tool to measure the density of the post-shock plasma and the cross-sectional area of
the accretion funnel at the WD surface. We have studied the aperiodic noise of the
emission of one of the brightest intermediate polars EX Hya with the help of data in
the optical and X-ray energy bands. We put an upper limit on the plasma cooling time
scale 7 < 1 sec, on the fractional area of the accretion curtain footprint f < 6 x 1074,
We show that measurements of accretion column footprints, combined with results of
the eclipse mapping, can be used to obtain an upper limit on the penetration depth of
the accretion disc plasma at the boundary of the magnetosphere, Ar/r ~ 5 x 1073 . If
the magnetospheres of accreting neutron stars have similar plasma penetration depths
at their boundaries, we predict that footprints of their accretion columns should be
very small, with fractional areas < 5 x 107 .
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Gamma-ray pulsars in the optical and infrared

Yu. A. Shibanov!?*

offe Institute, St.Petersburg, Russia
28t. Petersburg State Politechnical University, Russia

Deep optical and near-infrared observations of several Fermi pulsars obtained re-
cently with large ground-based telescopes will be reported, combined with X-ray and
~v-ray data, and discussed. We will analyze what is new that these data tell us on the
pulsar physics in comparison with known multi-wavelength spectra of ordinary pulsars.

*E-mail: shib@astro.ioffe.ru
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Transport coefficients of nuclear matter in neutron
star cores in BHF framework

P.S. Shternin"?*, M. Baldo®, P. Haensel*

Hoffe Institute, 26, Politechnicheskaya st., 194021 St.-Petersburg, Russia

2Qaint-Petersburg State Polytechnical University, 29 Politekhnicheskaya st.,
195251 St.-Petersburg, Russia
3INFN Sez. di Catania, 64 Via S. Sofia, 95123 Catania, Italy

4CAMK, 18 Bartycka st., PL-00-716 Warszawa, Poland

We calculate thermal conductivity and shear viscosity of dense nuclear matter in
the cores of neutron stars. We consider the simplest case of the npep matter and treat
the in-medium effects in the non-relativistic Brueckner-Hartree-Fock framework. The
nucleon-nucleon interaction is described by the Argone v18 potential with addition
of the effective Urbana IX three-body forces. We find that the in-medium effects at
two-body level increase the kinetic coefficients, while the inclusion of three-body force
compensates this effect. The results of calculations are compared with results of other
authors.
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Study of scattering material with
RadioAstron-VLBI observations

T.V. Smirnova'*, V.I. Shishov!f, C.R. Gwinn?*, M. V. Popov3%, A.S. Andrianov®?

'Pushchino Radio Astronomy Observatory, Astro Space Center, Lebedev Physical
Institute, Moscow region, 142290, Russia

2Department of Physics, University of California, Santa Barbara, California
93106, USA

3Astro Space Center, Lebedev Physical Institute, Profsoyuznaya str. 84/32,
Moscow 117997, Russia

The RadioAstron spacecraft presents a unique opportunity to measure properties of
interstellar scattering. The fluctuations responsible for scattering of radio waves from
astronomical sources are small-scale (0.1 AU) fluctuations of the electron density in the
interstellar medium. Pulsars offer a variety of observables for interstellar scattering.
Observations of scattering of nearby pulsars and intra-day variable quasars point to
the existence of a component of the interstellar medium (ISM) which has properties
quite different from those of the more distant, diffuse ISM. We have observed several
nearby pulsars as part of the RadioAstron’s Early Science Program. These included
pulsars B09504-08 and B1919+21. We present here results concerning the distribution
and properties of the scattering material in the direction to these pulsars obtained with
the cosmic interferometer.

This work was financially supported by the Russian Foundation for Basic Research
(project code 12-02-00661) and the Basic Research Program of the Presidium of the
Russian Academy of Sciences “The Origin, Structure, and Evolution of Objects in the
Universe”.
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Spectra of rapidly rotatitng X-ray bursting neutron
stars

V. Suleimanov'?*, J. Poutanen?, M. Revnivtsev?, K. Werner!

"nstitut fiir Astronomie und Astrophysik, Kepler Center for Astro and Particle
Physics, Universitat Tiibingen, Sand 1, 72076 Tiibingen, Germany
’Kazan (Volga region) Federal University, Kremlevskaya str., 18, Kazan 420008,

Russia
3Tuorla Observatory, University of Turku, Vaisilantie 20, FI-21500 PIIKKIO,

Finland
4Space Research Institute (IKI), Russian Academy of Sciences, Profsoyuznaya

84/32, 117997 Moscow, Russia

It is well known that neutron stars (NSs) in low-mass X-ray binaries (LMXBs) rotate
rapidly with typical frequencies 200-700 Hz. As a result, the NS shape is distorted,
the visible surface is increased, and the effective temperature and the effective surface
gravity become non-uniform. These effects can have a strong influence on NS mass and
radius determination from the thermal emission during X-ray bursts. Here we present
an approximate method for the computation of the shape of a rapidly rotating NS and
local parameters together with a method of accounting for the rotation in the integral
NS spectrum. We have computed a set of integral spectra from rapidly rotating NSs
for different total luminosities. Using these computations, we introduce an improved
cooling tail method for determination of the NS masses and radii in X-ray bursting
LMXBs. The application of this improved method to the long photospheric radius
expansion X-ray burst from 4U 1724-307 demonstrates that accounting for the rapid
rotation leads to a decrease of the “effective non-rotating” NS radius by approximately
10-20%.

*E-mail: suleimanov@astro.uni-tuebingen.de
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Constraint of Pulsar Wind Properties from Induced
Compton Scattering off Radio Pulses

S. J. Tanaka'*, F. Takahara?

nstitute for Cosmic Ray Research, University of Tokyo, 5-1-5 Kashiwa-no-ha,

Kashiwa City, Chiba, 277-8582, Japan

2Department of Earth and Space Science, Graduate School of Science, Osaka

University, 1-1 Machikaneyama-cho, Toyonaka, Osaka 560-0043, Japan
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Figure 1: The v — 6, diagram of the Crab
pulsar wind at r¢ taken from Tanaka &
Takahara (2013) [2]. We take 7. = 10% cm.
Choosing one point on the diagram specifies
the four velocity of the wind at r . The op-
tical depth for induced Compton scattering
at the light cylinder 77¢ is less than unity at
the light-blue area on the diagram. m ¢ =1
line is expressed as v = 101'79;11(1 + o)1,

Pulsar winds have problems in en-
ergy conversion and pair-cascade pro-
cesses which determine the magnetiza-
tion o, the pair multiplicity « and the
bulk Lorentz factor of the wind . We
study induced Compton scattering by
a relativistically moving cold plasma to
constrain wind properties by imposing
that radio pulses from the pulsar itself
are not scattered by the wind as was
first studied by Wilson & Rees [1]. We
find that relativistic effects cause a sig-
nificant increase or decrease of the scat-
tering coefficient depending on scattering
geometry including the inclination angle
of the wind plasma with respect to the
radio pulses 6, and the size of the ra-
dio emission region .. Applying to the
Crab pulsar wind (Figure 1), we obtain
the lower limit of the bulk Lorentz factor
of v > 101'79;11(1 + o)~Y/* at the light
cylinder rp¢ for a large inclination angle

0,1 > 10727, We also obtain the lower limit of the pair multiplicity using a relation
ky(1+0) = 10 for the Crab pulsar. Considering the lower limit of the pair multiplic-
ity x > 105 suggested by recent studies of the Crab Nebula [3], the large inclination
angle of the wind velocity (6, ~ 1), the small size of the radio pulse emission region
(ro ~ 10% cm) and the small magnetization parameter (o ~ 1) are required for the pair

multiplicity to be x > 10%6.
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The flare activity of PSR J0653+8051
V.M. Malofeev!*, D. A. Teplykh!f

'Pushchino Radio Astronomy Observatory ASC LPI, Pushchino, Russia

We present the investigation of PSR J06534+8051 at frequency 111 MHz using the
Large Phase Array. The observations were carried out during the period from October
2012 to December 2013. This pulsar shows three components in the range 102-4850
MHz. We have detected a few dozen of very strong pulses exceeding the amplitude of
the mean profile a great deal. Usually this pulsar demonstrates very weak signal on the
3 sigma level in mean profile. The detailed analysis has shown that all strong pulses
with the signal to noise ratio of 4-20 arrived at the longitude of the central component
only. This effect is very seldom, because we detected such giant components only on
one day out of more than three hundred days of observations.

*E-mail: malofeev@prao.ru
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Plasma generation in pulsar polar caps: a modern
view

Andrey Timokhin!?*

INASA Goddard Space Flight Center, Greenbelt, Maryland, USA
2University of Maryland (UMD/CRESST), College Park, Maryland, USA

3Moscow State University, Sternberg Astronomical Institute, Moscow, Russia

Electron-positron pair generation in polar caps of pulsars is probably the most
crucial part of (almost) all pulsar models - it is widely agreed upon that a neutron
star is active as a radio pulsar when the polar cap pair cascades are active and ceases
when the cascades die. In the last decade an important progress has been achieved in
theoretical modeling of pulsar magnetospheres: now we have self-consistent models for
the global structure of the pulsar magnetosphere as well as self-consistent models of
particle acceleration in pulsar polar caps. Previous models of pulsar polar cap cascades
have been shown to be incorrect and the subject of the pair plasma generation in pulsars
needed a major revision. In this talk I will report on recent studies of physical processes
in pulsar polar caps based on modern self-consistent models of particle acceleration. It
turned out that particles are accelerated more efficiently, can produce more pairs and
the escaping gamma-radiation is in lower energy bands than it was expected in previous
models. I will discuss implications of these results for pulsar physics in general.

*E-mail: andrey.timokhin@nasa.gov
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Anti-glitch of magnetars in the wind braking
scenario

H. Tong!'*,

Xinjiang Astronomical Observatory, Chinese Academy of Sciences

The anti-glitch of magnetar 1E 22594586 is analyzed theoretically. An enhanced
particle wind during the observational interval will take away some additional rotational
energy of the neutron star. This will result in a net spin-down of the magnetar, i.e., an
anti-glitch. In the wind braking scenario of an anti-glitch, there are several predictions:
(1) A radiative event will always accompany the anti-glitch, (2) Decrease/variation of
the braking index after the anti-glitch, (3) The anti-glitch is just a period of enhanced
spin-down. If there are enough timing observations, a period of enhanced spin-down
is expected instead of the anti-glitch. Applications to previous timing events of SGR
1900+14, and PSR J1846—0258 are also included. It is shown that current timing
events of 1E 22594586, SGR 1900+14, and PSR J1846—0258 can be readily understood
in the wind braking model. The enhanced spin-down and the absence of an anti-glitch
before the giant flare of SGR 1806—20 is consistent with the wind braking scenario.

In the wind braking model, an enhanced particle wind can explain the observed
anti-glitch event. At the same time, the opposite case is also possible. During a
time interval, the particle wind may also be weaker. This may explain the spin-down
behavior of intermittent pulsars.

This contribution is based on our previous works ([1] and [2]).
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Power spectra of transient X-ray pulsars:

observational manifestation of the
disk-magnetosphere interaction

Sergey Tsygankov!?*

'Finnish Centre for Astronomy with ESO (FINCA), University of Turku,
Viisdlantie 20, FI-21500 Piikkio, Finland

2Tuorla observatory, Department of Physics and Astronomy, University of Turku,
Viisdlantie 20, 21500 Piikkio, Finland

We report the results of studies of power density spectra (PDS) of the X-ray flux
variability in accreting X-ray pulsars. PDS of X-ray pulsars fed from an accretion disk
have a distinct break/cutoff at the neutron star spin frequency in the case of corotation
[1]. This break is a manifestation of the transition from the disk to the magnetospheric
flow at the frequency which is characteristic for the truncation radius of the accretion
disk (magnetospheric radius). Suggesting that the PDS break frequency is directly
related to the magnetospheric radius for a given value of the mass accretion rate, the
method to estimate the magnetic moments of accreting neutron stars is proposed. The
method is also applied for the verification of the accretion disk and magnetosphere
interaction models.
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Differential rotation of neutron star polar caps
A.1. Tsygan* D.A. Shalybkov!, D.P. Barsukov'?, O. A. Goglichidze!,

Toffe Institute, St. Petersburg, Russia
2SPbSPU, St. Petersburg, Russia

Rotating neutron stars with electric current flowing from the magnetosphere into
the liquid polar magnetic caps is considered. In the case of a simple axisymmetric
configuration the current has one direction in the central part of the polar cap and the
opposite direction in the outer ring. It is shown that the closure of the electric current
under the surface leads to the differential rotation of the polar caps. The velocity
structure is determined by the current distribution on the star surface. There are two
rings rotating in opposite directions. The inner ring rotates always slower than the
main rotation of the star. The velocity value is proportional to the radial gradient of
the electric current. The velocity is 1072 — 10~* c¢m/sec (i.e. the period of rotation is
0.1 - 10 years) for typical current variation scale 1 - 10? ¢cm, the main rotation period
P =1 sec and the magnetic field B = 10'? Gauss.

The work has been partly supported by the RFBR (project 13-02-00112) and by
the State Program “Leading Scientific Schools of the Russian Federation” (grant NSh-
294.2014.2).
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The variable X-ray emission of PSR B0943410
S. Mereghetti'*, A. Tiengo®!T, P. Esposito', R. Turolla4}

INAF-TASF, Milano, via E. Bassini 15, I-20133 Milano, Italy

2JUSS-Istituto Universitario di Studi Superiori, piazza della Vittoria 15, I-27100
Pavia, Italy

3Dipartimento di Fisica e Astronomia, Universitd di Padova, Via Marzolo 8, I-
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“Mullard Space Science Laboratory, University College London, Holmbury St.
Mary, Dorking, Surrey RH5 6NT, UK

PSR B0943-+10 is one of the best studied radio pulsars showing changes between
two modes of radio emission and the only rotation powered pulsar with regular X-
ray variability. In the “B-mode” its radio pulses show a regular pattern of drifting
subpulses and the X-ray flux is fainter, while in the “Q-mode” the radio pulses are
irregular and the X-ray flux higher. X-ray pulsations at the radio period (1.1 s) have
to date been detected only during the Q-mode. We present a reanalysis of all the
XMM-Newton observations of PSR B0943+10, which indicates the presence of two
emission components with different spectral and variability properties. During the B-
mode the X-ray emission is consistent with a blackbody of temperature k7" = 0.26
keV coming from a small hot spot with luminosity of 7 x 10?® erg/s. This is in good
agreement with the prediction of the partially screened gap model, which also explains
the properties of the radio emission in this mode. The upper limit on the pulsed
fraction in this mode (< 46%) is consistent with the geometry and viewing angle of
PSR B0943+10 inferred from the radio data. The higher X-ray flux emitted in the
Q-mode results from an additional power-law component which is pulsed and likely
originating from non-thermal processes in the pulsar magnetosphere. A change in the
beaming pattern or in the efficiency of acceleration of the particles responsible for
the non-thermal emission is required to explain the reduced flux of this component
during the radio B-mode. However, an alternative interpretation of the X-ray data,
which attributes the pulsations and variability to the thermal component, cannot be
ruled out. If this is confirmed, it would imply a large scale reorganization of the star
magnetosphere related to the two radio modes.
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A model of gamma ray flare generation in PWN
A. M. Bykov'*, Y. A. Uvarov'’

Toffe Institute, St.Petersburg, Russia

We present a model of generation a flaring synchrotron gamma-ray radiation from
a pulsar wind nebula (PWN). Recent observations show that Crab Nebula is a highly
variable source of gamma ray emission. The maximum energy and time variation
of such gamma ray flares can’t be explained in the standard one zone model of a
diffuse shock acceleration at the termination shock. We consider a process of particle
acceleration at the shock in an average magnetic field and a subsequent interaction
of this nonthermal particle population with clumps of high magnetic field formed in a
stripped pulsar wind zone and moving outward. In this interaction a pulse of a gamma-
ray radiation is being formed by the synchrotron mechanism. Fast synchrotron cooling
leads to a fast evolution of the particle distribution function and subsequently to the
time variation and the spectral form evolution of a flare. We discuss an interpretation
of Crab observations in the framework of this model.

Our work was partially supported by RAS scientific school grant 294.2014.2, by
RAS Presidium Program P21 and by RAS OFN Program 17.
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Reconnection in Neutron Star Magnetospheres

D.A. Uzdensky'*, A. Spitkovsky?'

University of Colorado Boulder

2Princeton University

The magnetosphere of a rotating pulsar naturally develops a current sheet beyond
the light cylinder (LC). Magnetic reconnection in this current sheet inevitably dissi-
pates a nontrivial fraction of the pulsar spin-down power within a few LC radii. We
develop a basic physical picture of reconnection in this environment and discuss its im-
plications for the observed pulsed gamma-ray emission [1]. We argue that reconnection
proceeds in the plasmoid-dominated regime, via an hierarchical chain of multiple sec-
ondary islands/flux ropes. The inter-plasmoid reconnection layers are subject to strong
synchrotron cooling, leading to a significant plasma compression. Using the conditions
of pressure balance across these current layers, the balance between the heating by
the magnetic energy dissipation and synchrotron cooling, and the Ampere’s law, we
obtain simple estimates for key parameters of the layers — temperature, density, and
layer thickness. In the comoving frame of the relativistic pulsar wind just outside of
the equatorial current sheet, these basic parameters are uniquely determined by the
strength of the reconnecting upstream magnetic field. For the case of the Crab pulsar,
we find them to be of order 10 GeV, 103 ecm =3, and 10 cm, respectively. After account-
ing for the bulk Doppler boosting due to the pulsar wind, the synchrotron and inverse
Compton emission from the reconnecting current sheet can explain the observed pulsed
high-energy (GeV) and VHE (~ 100 GeV) radiation, respectively. Also, we suggest
that the rapid relative motions of the secondary plasmoids in the hierarchical chain
may contribute to the production of the pulsar radio emission.
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Short-period pulsar oscillations following a glitch

C.A. van Eysden'*

INORDITA, Sweden

The spin-up of magnetized plasma and its role in the post-glitch response of neutron
stars was first studied over thirty years ago, when it was demonstrated that co-rotation
between the crust and the plasma is established rapidly (within a few seconds) by a
process analogous to the Ekman pumping in a viscous fluid [1]. However, in ideal
magnetohydrodynamics, a final state of co-rotation is inconsistent with the energy
conservation of the system. Using an exact analytical solution, we demonstrate that
after the Ekman-like spin up is completed, magneto-inertial waves continue to propa-
gate throughout the star, exciting torsional oscillations in the crust and the plasma.
We investigate the nature of the oscillations and explore the consequences for neutron
star observations [2]. The connection with magnetar oscillations is also discussed, as
well as the effect of superconductivity.
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Cooling of accretion heated neutron stars

R. Wijnands'*
'University of Amsterdam, The Netherlands

In X-ray binaries, neutron stars can be heated due to the accretion of matter onto
their surfaces. Among the X-ray binaries, the X-ray transients form a special sub-
group: the neutron stars in those systems are not persistently accreting matter at a
high rate but they are accreting only occasionally during the so-called X-ray outbursts.
The neutron stars in such systems are heated significantly during those outbursts, but
when in quiescence they cool down again. In quiescence, the neutron stars can be-
come directly observable when using sensitive X-ray instruments and those neutron
stars appear as thermally emitting cooling objects. During the last decade, we have
experienced a huge leap forward in our observational and theoretical understanding of
the heating and cooling of accreting neutron stars. However, many significant open
problems still remain. I will present an overview of our current understanding (both
observationally as well as theoretically) on the heating and cooling behaviour of ac-
creting neutron stars and how such systems can help us to get a better insight into the
properties of ultra-dense matter in neutron stars.
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Spectral Evolution of Magnetar Bright Bursts
G. Younes'*, C. Kouveliotou?, A. van der Horst®, The Fermi/GBM Magnetar Team

1USRA, 320 Sparkman Drive, Huntsville, AL., USA
2NASA-MSFC, 320 Sparkman Drive, Huntsville AL., USA

3University of Amsterdam, Netherlands

Magnetars are isolated neutron stars characterized by long spin periods (2-12 s) and
large spin down rates, implying a very strong magnetic field, B>10E14 G. Magnetars
exhibit short bursts of hard X-/soft gamma-rays with luminosities ranging from 10E37
to 10E41 erg/s. The magnetar SGR J1550-5418 entered an extremely active bursting
episode, starting on 2008 October 03 until 2009 April 17, during which Fermi Gamma-
ray Burst Monitor (GBM) observed several hundred bursts from this source. Such
wealth of bursts resulted in the largest catalog of detailed temporal and spectral results
for SGR J1550-5418 [1]. Here, we discuss new results from a time-resolved spectral
analysis of the 63 brightest bursts from this source, down to 4 ms time-resolution.

We have followed the evolution of the spectral parameters of the two models that
best fit the time-integrated spectra of SGR J1550-5418, a power-law with a high en-
ergy cut-off, and a two black-body model, with unprecedented detail. We discuss our
results in the context of the fireball model, putting strong constraints on the underly-
ing magnetar burst emission processes. Assuming that crust cracking is the triggering
mechanism for SGR J1550-5418 short bursts [2], we were also able to derive, for the first
time through observations, an upper limit on the internal magnetic field of magnetar
SGR J1550-5418. Results are published in [3].
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XMM-Newton View of the best candidate
Magnetar Wind Nebula

G. Younes'*, C. Kouveliotou?, O. Kargaltsev®, G. Pavlov?, E. Gogus®, S. Wachter®

'USRA, 320 Sparkman Drive, Huntsville, AL., USA
2NASA-MSFC, 320 Sparkman Drive, Huntsville AL., USA
3George Washington University, USA

4Pennsylvania State University, USA

SSabanci University, Turkey

SMax Planck Institute for Astronomy, Germany

Pulsar Wind Nebulae are produced by synchrotron and inverse Compton radiation
originating at the shocked ambient medium from pulsar particle-outflows. While rela-
tively common around rotation powered pulsars, such structures seem absent around
slowly-rotating highly-magnetized neutron stars, e.g., magnetars. These latter sources
are also expected to produce particle outflows, either steady or released during out-
bursts, hence the idea of a Magnetar Wind Nebula seems plausible. We will discuss
the best candidate MWN to-date around the soft gamma repeater Swift J1834.9-0846,
which we discovered in 2012 with a short XMM-Newton observation [1]. We will also
present here our preliminary results of a 92 ks new XMM-Newton observation of this
putative MWN.
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On some properties of hybrid stars

A.V. Yudin®?*, T.L. Razinkova!, D. K. Nadyozhin'3, A.D. Dolgov!?4
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3NRC ”"Kurchatov Institute” PNPI, Kurchatova 1, Russia
4University of Ferrara and INFN, Ferrara, Italy
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Figure 1: Mass-Radius diagram for hy-
brid stars.

We explore various properties of hybrid
stars, i.e. neutron stars which contain the
core made of quark matter. First, in the
framework of the simple bag model of the
quark matter equation of state we have
found one interesting feature of the mass—
radius diagram for hybrid stars (see Fig.1).
As one can see, all the curves for hybrid
stars with different values of the bag con-
stant B (in MeV /fm®, shown by numbers
on lines) intersect inside a small region of
(M — R) diagram which we call “magic
point”. We find that this property is mostly
caused by the linearity of the quark matter

EOS and is independent of the parameters of the envelope. This also means that such
a feature will be present not only for quark matter but for any exotic phase inside a
neutron star whose EOS is well approximated by a linear relation between the pressure

P and the energy density e: P = a(e—¢).

Besides this, we explore the interface between the ordinary matter and the quark
matter phases using the Maxwell and Gibbs prescription for the phase transitions.
Some interesting consequences for the properties of the mixed phase inside the hybrid

stars are also discussed.
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Magnetar giant flares and their precursors — flux
rope eruptions with current sheets

Cong Yu!?* Lei Huang?3'

"Yunnan Observatories, Chinese Academy of Sciences, Kunming, China

2Key Laboratory for Research in Galaxies and Cosmology, Shanghai Astronomical
Observatory, Chinese Academy of Sciences, Shanghai, China

3Key Laboratory for the Structure and Evolution of Celestial Object, Chinese
Academy of Sciences, Kunming, China

We propose a catastrophic magnetospheric model for magnetar precursors and their
successive giant flares. Axisymmetric models of the magnetosphere, which contain
both a helically twisted flux rope and a current sheet, are established based on force-
free field configurations. In this model, the helically twisted flux rope would lose its
equilibrium and erupt abruptly in response to the slow and quasi-static variations at the
ultra-strongly magnetized neutron star surface. In a previous model without current
sheets, only one critical point exists in the flux rope equilibrium curve. New features
show up in the equilibrium curves for the flux rope when current sheets appear in the
magnetosphere. The causal connection between the precursor and the giant flare, as
well as the temporary re-entry into the quiescent state between the precursor and the
giant flare, can be naturally explained. Magnetic energy would be released during the
catastrophic state transitions. The detailed energetics of the model are also discussed.
The current sheet created by the catastrophic loss of equilibrium of the flux rope
provides an ideal place for a magnetic reconnection. We point out the importance
of the magnetic reconnection for further enhancement of the energy release during
eruptions[1].

The further information of the presentation can be found at the link shown below.
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Strong evidence for a link between coherent
oscillations and the apparent emission area during
the thermonuclear bursts

Guobao Zhang!?*, Mariano Méndez?, Tmoaso M. Belloni®, Jeroen Homan*
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Figure 1: Left panel: PRE burst with tail oscillations. Right panels: PRE burst without tail oscillations. In each
panel the black histogram shows the light curve of the burst at a resolution of 0.125 s. The intensity, in units of 1000
counts s~!, is shown by the scale plotted to the right, outside of each panel. The contour lines show constant power
values, increasing from 10 to 80 in steps of 10 (values are in Leahy units), as a function of time (z axis) and frequency
(left y axis). Black filled circles connected by a line show the best-fitting blackbody radius as a function of time at a
resolution of 0.25 s (see the right y axis).

Coherent oscillations and the evolution of the X-ray spectrum during the ther-
monuclear X-ray bursts have been studied intensively but separately. Recently we
have analysed all archival data of the two burst-rich sources 4U 1636-53 and 4U 1728
34 with the Rossi X-ray Timing Explorer. We have found that during the bursting
time, especially the cooling phase, the bursts, in which the blackbody radius remains
more or less constant for > 2 s, show coherent oscillations (e.g. left panel of Figure 1),
whereas those bursts, in which the blackbody radius changes rapidly, show no coherent
oscillations (e.g. right panel of Figure 1). This is the first time that the presence of
burst oscillations in the tail of X-ray bursts is associated with a systematic behaviour
of the spectral parameters in that phase of the bursts. This result is consistent with
predictions of models that associate the oscillations in the tail of X-ray bursts with the
propagation of a cooling wave in the material on the neutron-star surface during the
decay of the bursts.
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Radiation efficiencies of the pulsars (current
update)
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Zharikov!*
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Figure 1: Evolution of the pulsar spin-
down, radio, optical and X-ray luminosity,
and respective efficiencies, as a function of
the dynamical age.

Eighteen pulsars with optical counter-
parts or with significantly deep upper lim-
its on the optical luminosity are known cur-
rently. Using available multiwavelenght data
for these pulsars we reanalyze the efficien-
cies of the conversion of the pulsar spin-down
power E into the observed non-thermal lumi-
nosity L in different spectral domains. This
sample of pulsars confirms the non-monotonic
evolution of the pulsar radiation efficiency
n = L/E in the optical and X-ray domains
(Zharikov et al. 2006). There is a clear evi-
dence of a change in the behavior of the op-
tical and X-ray efficiencies around 7 ~ 10*
years. Efficiencies 7., and 7x initially de-
crease before starting to flatten or increase
at larger ages. The timescale 7 ~ 10* years
is comparable to the transition between neu-
trino and photon cooling stages (Yakovlev et
al. 2004, and references therein) in neutron
stars. The change of the cooling stage proba-
bly affects the distribution of relativistic par-
ticles in the pulsar magnetosphere, which is
reflected in the dependence of the optical/X-

ray efficiency on the pulsar age. The slopes of the time evolution of 7,,.(7) and nx(7)
after 10? years are practically similar and compatible with that of ng(7) (Fig. 1).
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The role of magnetic damping in the r-mode
evolution of accreting neutron stars

G. J. Cao'? X. Zhou**, N. Wang!?

Xinjiang Astronomical Observatory, CAS, Urumgqi, 830011, China
2University of Chinese Academy of Sciences, Beijing, 100049, China
3Key Laboratory of Radio Astronomy, CAS, Urumgi, 830011, China

The magnetic damping rate was introduced in the evolution equations of r-modes,
which shows that r-modes can generate very strong toroidal magnetic fields in the core
of accreting millisecond pulsars induced by differential rotation. With consideration of
the coupled evolution of r-modes, spin and thermal structure, we carefully investigate
the influence of the magnetic damping on the differential rotation and nonlinear r-
modes of accreting neutron stars. In the framework of the second-order r-mode theory,
we have derived the equations of the coupled evolution of the star involving the mag-
netic damping rate. The numerical results show that the magnetic damping suppresses
the nonlinear evolution of the r-modes since the saturation amplitude is reduced to a
great extent. In particular, due to the presence of the generated toroidal magnetic field,
the spin-down of the star is stopped and the viscous heating effects are also weakened.
Moreover, we could get a stronger generated toroidal magnetic field using the second-
order r-mode theory. We conclude that the gravitational radiation may be detected by
the advanced laser interferometer detector LIGO if the amount of differential rotation

is small when the r-mode instability becomes active and the accretion rate is not very
high.
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