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The induced gravitational collapse paradigm of long gamma-ray bursts associated with supernovae (SNe)
predicts a copious neutrino—antineutrino emission owing to the hypercritical accretion process of SN ejecta
onto a neutron star (NS) binary companion. The neutrino emission can reach luminosities of up to 1037 MeV
s!, mean neutrino energies of 20 MeV, and neutrino densities of 103! cm?®. Along their path from the vicinity
of the NS surface outward, such neutrinos experience flavor transformations dictated by the neutrino-to-
electron-density ratio, see Fig. 1. The evolution of neutrino and electron on the accretion zone are determined
and used to compute the neutrino flavor evolution. For normal and inverted neutrino mass hierarchies and
within the two-flavor formalism vevx), the final electronic and nonelectronic neutrino content after two
oscillation processes is estimated: (1) neutrino collective effects due to neutrino self-interactions where the
neutrino density dominates, and (2) the Mikheyev—Smirnov—Wolfenstein effect, where the electron density
dominates. The final neutrino content is composed by ~55% (~62%) of electronic neutrinos, for the normal
(inverted) neutrino mass hierarchy. The results of this work are the first step toward the characterization of a
novel source of astrophysical MeV neutrinos in addition to core-collapse SNe and, as such, deserve further
attention.

See more: L. Becerra, M. M. Guzzo, F. Rossi-Torres, J. A. Rueda, R. Ruffini and J. D. Uribe,
“Neutrino Oscillations within the Induced Gravitational Collapse Paradigm of Long Gamma-Ray
Bursts”, The Astrophysical Journal, Volume 852, Issue 2, article id. 120, 19 pp. (2018)

Link: http://iopscience.iop.org/article/10.3847/1538-4357/aaa296/meta
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http://iopscience.iop.org/article/10.3847/1538-4357/aaa296/meta

To read and download Volume 1, see: http://www.icranet.org/report2017/Volumel.pdf
To read and download Volume 2, see: http://www.icranet.org/report2017/Volume2.pdf
To read and download Volume 3, see: http://www.icranet.org/report2017/Volume3.pdf
To read and download the Accompanying document, see:
http://www.icranet.org/report2017/Staff VisitingScientists GraduateStudents 2017.pdf
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— Valery Chechetkin

- - Asymmetric nucleosynthesis

— Artur Chernin - Dark energy in Zeldovich Local Pancake

- Evgeny Derishev - Radiation-mediated shocks

- Andrey Doroshkevich - TBD

— Gyula Fodor - Localized objects formed by self trapped gravitational waves (geons)

— Vladimir Fortov - Warm Dense Matter, Generated by the Intense Shock and Rarefaction Waves

- Sang Pyo Kim - Strong QED phenomena in astrophysics

— Noam Libeskind - TBD

— Vladimir Lipunov - The Discovery of gravitational waves: prediction and observation

— Manuel Malheiro - TBD

- Agnieszka Pollo - How luminous galaxies trace the dark Universe

— Alexei Pozanenko - Observations of GRB 1170817A associated with LIGO/Virgo GW170817 in
gamma-rays, optic and radio, and the model of prompt gamma-ray emission

— Istvan Réacz - TBD

— Jorge Rueda - Latest news on the induced gravitational collapse scenario of longgamma-ray bursts

— Remo Ruffini - Gamma-ray Bursts

- Narek Sahakyan - TBD

— Nikolai Shakura - Ya. B. Zeldovich and background of the accretion processes theory in the Universe

- Alexei Starobinsky - TBD

— Lev Titarchuk - Comptonization Problem and Its solution in Application to the Spectra of the
Neutron Star and Black Hole Source

— Oleg Zaslavski - Ultra-high energy particle collisions near black holes and singularities and super-
Penrose process

The conference website: http://www.icranet.org/zeldovich3
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L. Becerra, M. M. Guzzo, F. Rossi-Torres, J. A. Rueda, R. Ruffini and J. D. Uribe, “Neutrino
Oscillations within the Induced Gravitational Collapse Paradigm of Long Gamma-Ray Bursts”, The
Astrophysical Journal, published on January 15, 2018.

The induced gravitational collapse paradigm of long gamma-ray bursts associated with supernovae (SNe)
predicts a copious neutrino—antineutrino emission owing to the hypercritical accretion process of SN ejecta
onto a neutron star (NS) binary companion. The neutrino emission can reach luminosities of up to 1037 MeV
s!, mean neutrino energies of 20 MeV, and neutrino densities of 103! cm?. Along their path from the vicinity
of the NS surface outward, such neutrinos experience flavor transformations dictated by the neutrino-to-
electron-density ratio. We determine the neutrino and electron on the accretion zone and use them to
compute the neutrino flavor evolution. For normal and inverted neutrino mass hierarchies and within the
two-flavor formalism vevy), we estimate the final electronic and nonelectronic neutrino content after two
oscillation processes: (1) neutrino collective effects due to neutrino self-interactions where the neutrino
density dominates, and (2) the Mikheyev—Smirnov—Wolfenstein effect, where the electron density dominates.
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We find that the final neutrino content is composed by ~55% (~62%) of electronic neutrinos, for the normal
(inverted) neutrino mass hierarchy. The results of this work are the first step toward the characterization of a
novel source of astrophysical MeV neutrinos in addition to core-collapse SNe and, as such, deserve further
attention.

Reference: The Astrophysical Journal, Volume 852, Issue 2, article id. 120, 19 pp. (2018)
Link: http://iopscience.iop.org/article/10.3847/1538-4357/aaa296/meta

R. Ruffini, , Y. Wang, , Aimuratov, Y., Barres de Almeida, U., Becerra, L., Bianco, C. L., Chen, Y. C.,
Karlica, M., Kovacevic, M., Li, L., Melon Fuksman, J. D., Moradi, R., Muccino, M.,
Penacchioni, A. V., Pisani, G. B., Primorac, D., Rueda, J. A., Shakeri, S., Vereshchagin, G. V., Xue, S.-
S., “Early X-Ray Flares in GRBs”, The Astrophysical Journal, published on January 2018.

We analyze the early X-ray flares in the GRB “flare—plateau—afterglow” (FPA) phase observed by Swift-
XRT. The FPA occurs only in one of the seven GRB subclasses: the binary-driven hypernovae (BdHNe).
This subclass consists of long GRBs with a carbon—oxygen core and a neutron star (NS) binary companion
as progenitors. The hypercritical accretion of the supernova (SN) ejecta onto the NS can lead to the
gravitational collapse of the NS into a black hole. Consequently, one can observe a GRB emission with
isotropic energy Eiso= 1052 erg, as well as the associated GeV emission and the FPA phase. Previous work had
shown that gamma-ray spikes in the prompt emission occur at ~ 10'3--10'7 cm with Lorentz Gamma factors
I'~102-103. Using a novel data analysis, we show that the time of occurrence, duration, luminosity, and total
energy of the X-ray flares correlate with Eiso. A crucial feature is the observation of thermal emission in the
X-ray flares that we show occurs at radii ~10'? cm with I' s 4. These model-independent observations cannot
be explained by the “fireball” model, which postulates synchrotron and inverse-Compton radiation from a
single ultrarelativistic jetted emission extending from the prompt to the late afterglow and GeV emission
phases. We show that in BdHNe a collision between the GRB and the SN ejecta occurs at =10'° cm, reaching
transparency at ~10'2 cm with I' = 4. The agreement between the thermal emission observations and these

theoretically derived values validates our model and opens the possibility of testing each BAHN episode with
the corresponding Lorentz Gamma factor.

Reference: The Astrophysical Journal, Volume 852, Issue 1, article id. 53 (2018).
Link: http://adsabs.harvard.edu/abs/2018ApJ...852...53R

Ehsan Bavarsad, Sang Pyo Kim, Clément Stahl, She-Sheng Xue, “Effect of a magnetic field on
Schwinger mechanism in de Sitter spacetime”, Physical Review, published on 25 January 2018.

We investigate the effect of a uniform magnetic field background on scalar QED pair production in a four-
dimensional de Sitter spacetime (dSs). We obtain a pair production rate which agrees with the known
Schwinger result in the limit of Minkowski spacetime and with Hawking radiation in dS spacetime in the
zero electric field limit. Our results describe how the cosmic magnetic field affects the pair production rate in
cosmological setups. In addition, using the zeta function regularization scheme we calculate the induced
current and examine the effect of a magnetic field on the vacuum expectation value of the current operator.
We find that, in the case of a strong electromagnetic background the current responds as E - B, while in the
infrared regime, it responds as B/E, which leads to a phenomenon of infrared hyper conductivity. These
results for the induced current have important applications for the cosmic magnetic field evolution.

Reference: Physical Review D 97, 025017 (2018)
Link: https://doi.org/10.1103/PhysRevD.97.025017

G. V. Vereshchagin, “Cosmic horizon for GeV sources and photon-photon scattering”, Astrophysics and
Space Science, published on 11 January 2018.
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https://doi.org/10.1103/PhysRevD.97.025017

Photon-photon scattering of gamma-rays on the cosmic microwave background has been studied using the
low energy approximation of the total cross section by Zdziarski and Svensson (Astrophys. J. 344:551,
1989), Svensson and Zdziarski (Astrophys. J. 349:415, 1990). Here, the cosmic horizon due to photon-
photon scattering is accurately determined using the exact cross section and we find that photon-photon
scattering dominates over the pair production at energies smaller than 1.68 GeV and at redshifts larger than
180.

Reference: Vereshchagin, G.V. Astrophys Space Sci. (2018) 363: 29.
Link: https://doi.org/10.1007/s10509-018-3247-8

J. F. Rodriguez, J. A. Rueda, R. Ruffini, “Comparison and contrast of test-particle and numerical-
relativity waveform templates”, published on 16 February 2018.

We compare and contrast the emission of gravitational waves and waveforms for the recently established
"helicoidal-drifting-sequence" of a test particle around a Kerr black hole with the publicly available
waveform templates of numerical-relativity. The merger of two black holes of comparable mass are
considered. We outline a final smooth merging of the test particle into the final Kerr black hole. We find a
surprising and unexpected agreement between the two treatments if we adopt, for the mass of the particle and
the Kerr black hole a Newtonian-center-of-mass description, and for the Kerr black hole spin an effective
value whose nature remains to be clarified.

Reference: J. F. Rodriguez, J. A. Rueda, R. Ruffini, Journal of Cosmology and Astroparticle Physics, Issue
02, article id. 030 (2018).
Link: https://doi.org/10.1088/1475-7516/2018/02/030

Donato Bini, Carmen Chicone, Bahram Mashhoon, “Twisted Gravitational Waves” accepted for
publication in Physical Review D.

In general relativity (GR), linearized gravitational waves propagating in empty Minkowski spacetime along a
fixed spatial direction have the property that the wave front is the Euclidean plane. Beyond the linear regime,
exact plane waves in GR have been studied theoretically for a long time and many exact vacuum solutions of
the gravitational field equations are known that represent plane gravitational waves. These have parallel rays
and uniform wave fronts. It turns out, however, that GR also admits exact solutions representing
gravitational waves propagating along a fixed direction that are nonplanar. The wave front is then
nonuniform and the bundle of rays is twisted. We find a class of solutions representing nonplanar
unidirectional gravitational waves and study some of the properties of these twisted waves.

Reference: Donato Bini, Carmen Chicone, Bahram Mashhoon, arXiv:1801.06003.
Link: https://arxiv.org/abs/1801.06003
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