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9. Recent publications

V.Belinski and M.Henneaux, "The Cosmological Singularity" (Cambridge University

Press). The book (in hard copy) has been published on 26 October 2017. Available here:
The Cosmological

Singularity https://www.cambridge.org/core/books/cosmological-singularity/
652DFD197ED573BAC18EBB0778BD0886
ViAB(MIE M Ik Written for researchers focusing on general relativity, supergravity, and cosmology, this

MARC MENNEAUX

is a self-contained exposition of the structure of the cosmological singularity in generic

solutions of the Einstein equations, and an up-to-date mathematical derivation of the

Al e
AL Y

theory undetlying the Belinski-KKhalatnikov-Lifshitz (BKL) conjectutre on this field. Part I
provides a comprehensive review of the theory undetlying the BKL conjecture. The
generic asymptotic behavior near the cosmological singularity of the gravitational field,
and fields describing other kinds of mattert, is explained in detail. Part II focuses on the billiard reformulation of the
BKL behavior. Taking a general approach, this section does not assume any simplifying symmetry conditions and
applies to theories involving a range of matter fields and space-time dimensions, including supergravities. Overall,
this book will equip theoretical and mathematical physicists with the theoretical fundamentals of the Big Bang, Big

Crunch, Black Hole singularities, the billiard description, and emergent mathematical structures.

Gabriel L. Gémez, and Jorge A. Rueda, “Dark matter dynamical friction versus gravitational wave emission in the
evolution of compact-star binaries”, Physical Review D, Volume 96, Issue 6, id.063001 (2017), published on 6
September 2017 and available here: http://adsabs.harvard.edu/abs/2017PhRvD..96f3001G

The measured orbital period decay of relativistic compact-star binaries, with characteristic orbital periods “0.1 days ,
is explained with very high precision by the gravitational wave (GW) emission of an inspiraling binary in a vacuum
predicted by general relativity. However, the binary gravitational binding energy is also affected by an usually

neglected phenomenon, namely the dark matter dynamical friction (DMDF) produced by the interaction of the
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binary components with their respective DM gravitational wakes. Thetefore, the inclusion of the DMDF might lead
to a binary evolution which is different from a purely GW-dtiven one. The entity of this effect depends on the orbital
petiod and on the local value of the DM density, hence on the position of the binary in the Galaxy. We evaluate the
DMDF produced by three different DM profiles: the Navarro-Frenk-White (NFW) profile, the nonsingular-
isothermal-sphere (NSIS) and the Ruffini-Argtelles-Rueda (RAR) DM profile based on self-gravitating keV
fermions. We first show that indeed, due to their Galactic position, the GW emission dominates over the DMDF in
the Neutron star (NS)-NS, NS-(White Dwarf) WD and WD-WD binaties for which measurements of the otrbital
decay exist. Then, we evaluate the conditions (i.e. orbital petiod and Galactic location) under which the effect of
DMDF on the binary evolution becomes comparable to, ot overcomes, the one of the GW emission. We find that,
for instance for 1.3 - 0.2 M5 NS-WD, 1.3 - 1.3 M NS-NS, and 0.25 - 0.50 M5 WD-WD, located at 0.1 kpc, this
occurs at orbital periods around 20-30 days in a NFW profile while, in a RAR profile, it occurs at about 100 days.
For closer distances to the Galactic center, the DMDF effect increases and the above critical orbital periods become
interestingly shorter. Finally, we also analyze the system parameters (for all the DM profiles) for which DMDF leads
to an orbital widening instead of orbital decay. All the above imply that a direct/indirect observational verification
of this effect in compact-star binaries might put strong constraints on the nature of DM and its Galactic

distribution.

F. Cipolletta, C. Cherubini, S. Filippi, J.A. Rueda and R. Ruffini, “Equilibrium Configurations of Classical Polytropic
Stars with a Multi-Parametric Differential Rotation Law: A Numerical Analysis”, Communications in
Computational Physics, vol. 22, issue 03, pp. 863-888 (2017), published on 21 September 2017 and available here:
http://adsabs.harvard.edu/abs/2017CCoPh..22..863C

In this paper we analyze in detail the equilibrium configurations of classical polytropic stars with a multi-parametric
differential rotation law of the literature using the standard numerical method introduced by Eriguchi and Mueller.
Specifically we numerically investigate the parameters’ space associated with the velocity field characterizing both
equilibrium and non-equilibrium configurations for which the stability condition is violated or the mass-shedding

criterion is verified.

Soroush Shakeri, Mansour Haghighat, She-Sheng Xue, “Nonlinear QED effects in X-ray emission of pulsars”, JCAP
(2017) n0.10,014, and available here: http://adsabs.harvard.edu/abs/2017JCAP...10..014S

In the presence of strong magnetic fields near pulsars, the QED vacuum becomes a birefringent medium due to
nonlinear QED interactions. Here, we explore the impact of the effective photon-photon interaction on the
polarization evolution of photons propagating through the magnetized QED vacuum of a pulsar. We solve the
quantum Boltzmann equation within the framework of the Euler-Heisenberg Lagrangian to find the evolution of
the Stokes parameters. We find that lineatly polarized X-ray photons propagating outward in the magnetosphere of
a rotating neutron star can acquire high values for the circular polarization parameter. Meanwhile, it is shown that
the polarization characteristics of photons besides photon energy depend strongly on parameters of the pulsars such

as magnetic field strength, inclination angle and rotational period. Our results are clear predictions of QED vacuum
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polarization effects in the near vicinity of magnetic stars which can be tested with the upcoming X-ray polarimetric

observations.

B. Eslam Panah, G. H. Bordbar, S. H. Hendi, R. Ruffini, Z. Rezaei and R. Moradi, “Expansion of Magnetic Neutron
Stars in an Energy (in)Dependent Spacetime”, The Astrophysical Journal, Volume 848, Issue 1, article id. 24, 11 pp.
(2017), published on 6 October 2017 and available here: http://adsabs.harvard.edu/abs/2017Ap]...848...24E

Regarding the strong magnetic field of neutron stars and the high-energy regime scenario that is based on the high-
curvature region near the compact objects, one is motivated to study magnetic neutron stars in an energy-dependent
spacetime. In this paper, we show that such a strong magnetic field and energy dependency of spacetime have
considerable effects on the properties of neutron stars. We examine the vatriations of maximum mass and related
radius, Schwarzschild radius, average density, gravitational redshift, Kretschmann scalar, and Buchdahl theorem
due to the magnetic field and energy dependency of the metric. First, it will be shown that the maximum mass and
radius of neutron stars are increasing functions of the magnetic field, while average density, redshift, strength of
gravity, and Kretschmann scalar are decreasing functions of it. These results are due to a repulsive-like force
behavior for the magnetic field. Next, the effects of gravity’s rainbow will be studied, and it will be shown that by
increasing the rainbow function, the neutron stars could enjoy an expansion in their structures. Then, we obtain a
new relation for the upper mass limit of a static spherical neutron star with uniform density in gravity’s rainbow
(Buchdahl limit) in which such an upper limit is modified as M.g< 4c’R/9G. In addition, stability and energy
conditions for the equation of state of neutron star matter are investigated, and a comparison with empirical results
is done. It is notable that the numerical study in this paper is conducted by using the lowest-order constrained

variational approach in the presence of a magnetic field employing AV 15 potential.

S.H.Hendi, B.Eslam Panah, S.Panahiyan M.Momennia, “Three dimensional magnetic solutions in massive gravity
with (non)linear field”, Physics Letters B 775 (2017) 251 — 261, available online at: http://www.sciencedirect.com/
science/article/pii/S0370269317308651

The Noble Prize in physics 2016 motivates one to study different aspects of topological properties and topological
defects as their related objects. Considering the significant role of the topological defects (especially magnetic
strings) in cosmology, here, we will investigate three dimensional hotrizonless magnetic solutions in the presence of
two generalizations: massive gravity and nonlinear electromagnetic field. The effects of these two generalizations on
propetties of the solutions and theit geometrical structure are investigated. The differences between de Sitter and
anti de Sitter solutions are highlighted and conditions regarding the existence of phase transition in geometrical

structure of the solutions are studied.

S. H. Hendi, B. Eslam Panah, S. Panahiyan, M. Momennia, “Dilatonic black holes in gravity’s rainbow with a
nonlinear source: the effects of thermal fluctuations”, Eur. Phys. J. C (2017) 77:647, available online at: http://
adsabs.harvard.edu/abs/2017EP]C...77..647H
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This paper is devoted to an investigation of nonlineatly charged dilatonic black holes in the context of gravity's
rainbow with two cases: (1) by considering the usual entropy, (2) in the presence of first order logarithmic correction
of the entropy. First, exact black hole solutions of dilatonic Born-Infeld gravity with an energy dependent Liouville-
type potential are obtained. Then, thermodynamic propetrties of the mentioned cases are studied, separately. It will
be shown that although mass, entropy and the heat capacity are modified due to the presence of a first order
correction, the temperature remains independent of it. Furthermore, it will be shown that divergences of the heat
capacity, hence phase transition points are also independent of a first order correction, whereas the stability
conditions are highly sensitive to variation of the correction parameter. Except for the effects of a first order
correction, we will also present a limit on the values of the dilatonic parameter and show that it is possible to
recognize AdS and dS thermodynamical behaviors for two specific branches of the dilatonic parameter. In addition,
the effects of nonlinear electromagnetic field and energy functions on the thermodynamical behavior of the

solutions will be highlighted and dependency of critical behavior, on these generalizations will be investigated.

D. Bini, A. Geralico, J. Vines, “Hyperbolic scattering of spinning particles by a Kerr black hole”, Physical Review D,
Volume 96, Issue 8, id.084044 (2017), available online at: http://adsabs.harvard.edu/abs/2017PhRvD..96h4044B

We investigate the scattering of a spinning test particle by a Kerr black hole within the Mathisson-Papapetrou-
Dixon model to linear order in spin. The particle's spin and orbital angular momentum are taken to be aligned with
the black hole's spin. Both the particle's mass and spin length are assumed to be small in compatrison with the
characteristic length scale of the background cutrvatutre, in order to avoid backreaction effects. We analytically
compute the modifications due to the particle's spin to the scattering angle, the periastron shift, and the condition
for capture by the black hole, extending previous results valid for the nonrotating Schwarzschild background.
Finally, we discuss how to generalize the present analysis beyond the linear approximation in spin, including spin-

squared corrections in the case of a black-hole-like quadrupolar structure for the extended test body.

B. Punsly, “A Jet Source of Event Horizon Telescope Correlated Flux in M87”, accepted for publication in

Astrophysical Journal, available online: https://arxiv.org/abs/1710.08355

Event Horizon Telescope (EHT) observations at 230 GHz are combined with Very Long Baseline Interferometry
(VLBI) obsetrvations at 86 GHz and high tresolution Hubble Space Telescope optical observations in otder to
constrain the broadband spectrum of the emission from the base of the jet in M87. The recent VLBI observations of
Hada et al provide much stricter limits on the 86 GHz luminosity and component acceleration in the jet base than
was available to previous modelers. They reveal an almost hollow jet on sub-mas scales. Thus, tubular models of
the jet base emanating from the innermost accretion disk are considered within the region responsible for the EHT
correlated flux. There is substantial synchrotron self absotbed opacity at 86 GHz. A parametric analysis indicates
that the jet dimensions and power depend strongly on the 86 GHz flux density and the black hole spin, but weakly

on other parameters such as jet speed, 230 GHz flux density and optical flux. The entire power budget of the M87
jet, 5104461‘QS/S€C, can be accommodated by the tubular jet. No invisible, powerful spine is required. Even

though this analysis never employs the resolution of the EHT, the spectral shape implies a dimension transverse to


http://adsabs.harvard.edu/abs/2017PhRvD..96h4044B
https://arxiv.org/abs/1710.08355

the jet direction of 12-21 pas (~24-27pas) for 0.99>a/M>0.95 (a/M~0.7), where M is the mass and Q is

the angular momentum per unit mass of the central black hole.
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