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1

Spectral instability in fundamentalmode andhigh overtones
Authors: Wei-Liang Qian1; Guan-Ru Li2; Ramin Daghigh3; Stefan Randow3; Rui-Hong Yue4

1 University of Sao Paulo
2 State University of Sao Paulo
3 Metropolitan University
4 Yangzhou University

We propose a criterion for the emergence of instability in the quasinormal modes, particularly the
fundamental mode, as recently observed by Cheung et al., identifying it as a universal feature in
black hole perturbations. The instability manifests as an exponentially growing spiral that deviates
from quasinormal frequencies due to a slight perturbation moving away from the compact object.
We begin by examining a specific case involving a truncated Pöschl-Teller potential, where we de-
rive the conditions for the onset of instability. Our analysis reveals that while the fundamental mode
remains stable in this scenario, instability arises for high overtones (n » 1). This result is then gen-
eralized to a broader class of potentials through two mathematical frameworks: one based on poles
in the black hole’s reflection amplitude and the other on zeros in the transmission amplitude. We
also revisit and extend a toy model with disjointed perturbations to the effective potential, showing
that such configurations invariably induce instability in the fundamental mode, with the resulting
outward spiral always occurring counterclockwise. Our numerical results, which align well with an-
alytical predictions, support our findings by accurately capturing the spiral’s period and the relative
frequency deviation.

3

Coarray Fortran Adaptive Mesh Refinement Code for Numerical
Modeling of the Interaction between the Relativistic Wind of the
Accretion Disk and a Molecular Cloud
Author: Igor Kulikov1

1 Institute of Computational Mathematics and Mathematical Geophysics SB RAS

When simulating relativistic gas flows, complex flows are often formed in zones that are much
smaller than the entire calculation domain. The processes that take place outside such zones may
greatly affect not only the behavior but also the formation of the complex flows. The use of adaptive
mesh refinement technique is a universal method of domain discretization in computing such multi-
scale flows. In talk will propose original the Patch-Block-Structured Adaptive-Mesh-Refinement
(AMR) technique for multi-scale modeling of special relativistic hydrodynamics flows. To use this
technique, the numerical method was redesigned in a special way for using Coarray Fortran tech-
nology. Was showed that we have an almost linear 45-fold speedup with 48 Coarray Fortran images
on 48 cores. This parallel code on base original AMR technique is used to simulate the interaction
of a relativistic wind with clouds in the interstellar medium.

This work was supported by the Russian Science Foundation (project 23-11-00014).

5

Isolated stellar mass black holes in the galaxy: method, first de-
tection, and implications
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Author: Kailash Sahu1

1 Space Telescope Science Institute

According to theoretical estimates, our Galaxy contains about 100 million black holes, a large major-
ity of which should be isolated. Yet, not a single isolated black hole had ever been unambiguously
detected. After a brief review of the subject, the powerful technique of astrometric microlensing
to detect isolated stellar mass black holes will be described. We used this novel technique of astro-
metric microlensing to unambiguously detect the first isolated stellar mass black hole. The superb
astrometric capability of HST allowed us to measure the deflection caused by the black hole, and
thereby measure its mass. Our measured mass of 7 solar mass, coupled with the fact that it emits no
light confirmed its black hole nature. The implications of this detection and the status of our ongo-
ing program to detect isolated black holes will be discussed. Future telescopes such as the Roman
telescope should detect a large number of such isolated black holes.

6

Studying theKickVelocityModel during the Formation of Binary
Pulsars
Author: Ali TaaniNone

The kick velocity that arises during the binary interaction plays a vital role in determining the fate of
binary pulsars. This work aims to explore the evolutionary link between the final orbital parameters
of binary systems where one of the components experiences a mass change and a kick is imparted.
Our study suggests that variations in the orbital period distributions can be explained by a kick
velocity model resulting from the dynamical effects of an accretion induced collapse (AIC) of white
dwarfs. Our model predicts that, 23% of binary pulsars in the Galactic disk with orbital periods
POrb1 ≥ 2 are relevant for the pre-AIC orbital process. This implies that the kick velocity that arises
during the AIC process plays a crucial role in disrupting or surviving the binary pulsars. The results
of this study provide insight into the dynamics of binary pulsars and the role of kick velocities in
their evolution.

7

Interacting Models of Dark Energy and Dark Matter in Einstein
scalar Gauss Bonnet Gravity
Author: Simran AroraNone

Co-authors: Anzhong Wang ; Saddam Hussain 1

1 Indian Institute of Technology Kanpur

We study the dynamics of the interacting models between the Gauss-Bonnet
(GB) coupled scalar field and the dark matter fluid in a homogeneous and isotropic background. A
key feature of GB coupling models is the varying speed of gravitational waves (GWs). We utilize
recent constraints on the GW speed and conduct our analysis in two primary scenarios: model-
dependent and model-independent. In the model-dependent scenario, where determining the GW
speed requires a specific GB coupling functional form, we choose an exponential GB coupling. We
adopt a dynamical system analysis to obtain the necessary constraints on the model parameters
that describe different phases of the universe and produce a stable late-time accelerating solution
following the GW constraint, and find that to satisfy all these constraints, fine-tuning the free pa-
rameters involved in the models is often needed. In the model-independent scenario, the GW speed
is fixed to one, and we construct the autonomous system to identify the late-time stable accelerating
critical points. Furthermore, we adopt a Bayesian inference method using late-time observational
data sets, including 31 data points from cosmic chronometer data (Hubble data) and 1701 data points

Page 2
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from Pantheon+ and find that all the observational constraints can be satisfied without finetuning.
In addition, we also utilize simulated binned Roman and LSST data to study the evolution of the
universe in the model-independent scenario. We find that the model shows significant deviation
at higher redshifts from ΛCDM and fits the current data much better than ΛCDM within the error
bars.

8

Late Time Phenomena in f(T,\mathcal{T}) Gravity Framework:
Role of H_0 Priors
Author: Bivudutta Mishra1

1 BITS-Pilani, Hyderabad Campus

This study explored the behavior of the f(T, T ) cosmological model with the use of various data set
combinations. We also compared the results for this model between the Pantheon+ (without SH0ES)
and the Pantheon+\&SH0ES (with SH0ES) data sets. Additionally, we incorporated data from BAO
along withH0 priors. We observed that integrating SH0ES data points leads to a higher estimation of
H0 than Pantheon+ (without SH0ES). In our analysis, we employed two recently published values
of H0 that have added to the ongoing tension regarding H0. These priors significantly influence
all cosmological parameters in our studies. We perform an extensive MCMC analysis for every
combination of data sets, providing constraints on all cosmological parameters included in the model.
We also computed the χ2

min value for each combination of data sets to evaluate the chosen model
against the standard ΛCDM model. After determining the best-fit values for the cosmological and
model parameters in each of the combinations, we plotted the cosmological background parameters.
Based on the behavior of these background cosmological parameters, we conclude that our selected
models reflect the late-time cosmic dynamics of the Universe.

9

Shadow Images of Schwarzschild Black Holes
Author: Jose Egildo Pereira da Silva1

Co-author: Messias de Brito Cruz 1

1 Universidade Estadual da Paraíba - UEPB

Black holes are among the most extraordinary and intriguing objects in the Universe. Within the
framework of General Relativity, one of the most well-established modern physical theories, the
study of these objects can be carried out using the simplest solution, known as the Schwarzschild
metric. This solution describes a static and spherically symmetric black hole, enabling the analysis
of the gravitational influence of extremely massive bodies on the surrounding spacetime. We in-
vestigate the trajectories of photons emitted from an accretion disk toward an asymptotic observer.
Subsequently, graphs are presented that illustrate the orbits of the photons, allowing the study of
the paths they travel from the accretion disk to the observer. Additionally, we explore the shadows
of a Schwarzschild black hole.

10

An alternative approach for darkmatter and its distribution func-
tion
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Author: Francisco Linares1

Co-authors: Olivier Sarbach 1; Ulises Nucamendi 1

1 Universidad Michoacana de San Nicolas de Hidalgo

The formalism of the Kinetic Theory of Relativistic Gases provides a geometrical framework to obtain
the distribution function of the matter components. Such distribution function possesses the sym-
metries of the space-time in which it is embedded. In this talk we present the distribution function
for a matter component in a Friedmann-Robertson-Walker (FRW) universe. Once the more general
properties of the distribution function for a collisionless gas are derived, we will study the cosmo-
logical evolution of this gas in a homogeneous, isotropic and spatially flat universe. We will find
that the gas behaves like radiation at early times and like dust at late times. This opens the question
of whether the dark matter of the universe can behave like this relativistic kinetic gas. Therefore,
we will analyze the cosmological implications of a component of dark matter with these properties
at both, background level and linear perturbations. We found that the standard Cold Dark Matter
model can be described by the distribution function associated to a FRW universe after a transition
stage at early times from a radiation-like to dust-like matter.

11

Anewsymmetry for the imperfect fluid in relativistic astrophysics

Author: Alcides Garat1

1 Former Professor at Universidad de la República

We will address the existence of a new symmetry for an imperfect
fluid by introducing local four-velocity gauge-like transformations for the case when there is vor-
ticityˆ1. A similar tetrad formulation as to the Einstein-Maxwell spacetimes formalism presented
in previous manuscriptsˆ2,3 will be developed in this manuscript for the imperfect fluids. The four-
velocity curl and the metric tensor will be invariant under these kinds of four-velocity gauge-like
local transformations. While the Einstein-Maxwell stress-energy tensor is locally gauge invariant
under electromagnetic gauge transformations, the perfect fluid stress-energy tensor will not be in-
variant under four-velocity gauge-like local transformations. We will dedicate our analysis to the
imperfect fluid stress-energy tensor that will be invariant under local four-velocity gauge-like trans-
formations when additional transformations are introduced for several variables included in the
stress-energy tensor itself. We will also pay special attention to the construction of a vorticity
stress-energy tensor invariant under local four-velocity gauge-like transformations. An application
on neutron stars will be developed in order to show the simplifications brought about by these new
tetradsˆ4,5,6

REFERENCES

1) A. Garat, New symmetry for the imperfect fluid, Eur. Phys. J. C, 80 4 (2020) 333. https://doi.org/10.1140/epjc/s10052-
020-7887-9
2) A. Garat, J. Math. Phys. 46, 102502 (2005). A. Garat, Erratum: Tetrads in geometrodynamics, J.
Math. Phys. 55, 019902 (2014).
3) A. Garat, Einstein-Maxwell tetrad grand unification, Int. J. Geom. Methods Mod. Phys., (2020)
2050125. DOI: S021988782050125X.
4) A. Garat, Euler observers in geometrodynamics, Int. J. Geom. Meth. Mod. Phys., Vol. 11 (2014),
1450060. arXiv:gr-qc/1306.4005
5) A. Garat, Covariant diagonalization of the perfect fluid stress-energy tensor, Int. J. Geom. Meth.
Mod. Phys., Vol. 12 (2015), 1550031. arXiv:gr-qc/1211.2779
6) A. Garat, Euler observers for the perfect fluid without vorticity, Z. Angew. Math. Phys. (2019) 70:
119.
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12

Torsional four-fermion interaction and the Raychaudhuri equa-
tion
Author: Sagar Kumar Maity1

Co-authors: Amitabha Lahiri 1; Shibendu Gupta Choudhury 2

1 S N Bose National Center for Basic Science
2 Centre For Theoretical Physics, Jamia Millia Islamia

The intrinsic spin of fermions can generate torsion in spacetime. This gives rise to an effective four-
fermion interaction that fermions experience within a fermionic distribution. This interaction is
expected to become significant when densities become large, such as in early-universe cosmology
or in compact astrophysical objects like neutron stars. In this contribution, I will discuss the role of
this interaction in a gravitationally collapsing fermionic distribution. Our specific aim is to explore
if this interaction can provide a repulsive contribution and prevent the formation of the final sin-
gularity. We consider a collapsing distribution of fermions which incorporates both chiralities. We
use the Raychaudhuri equation and the focusing condition for congruences to carry out our inves-
tigation. Using reasonable assumptions, we establish that a repulsive contribution arises depending
on how torsion couples with different chiralities. Also, the interaction term will behave analogous
to an exotic matter (dark matter) component, having an effective negative equation of state, and the
effect of the interaction starts to dominate as the collapse proceeds, accelerating or decelerating the
collapse depending on the relative signs of the geometrical interaction between different species of
fermions.

This work contributes to the understanding of how torsion-driven effects in dense fermionic systems
might resolve the final singularity formation, and may have implications for the end-states of stars,
such as neutron stars or other dense astrophysical objects.

13

Initial Conditions and Evolution for Spherically Symmetric Col-
lapse
Author: ELLY ANNE KATHERIN BAYONA BOBADILLA1

1 Instituto de Ciencias Nucleares, Universidad Nacional Autónoma de México

Spherical collapse in general relativity has been studied with different methods, especially by using
a priori given equations of state that describe the collapsing matter as a perfect fluid. We propose
an alternative perspective, in which the initial density of the perfect fluid is given as a polynomial
function of the radial coordinate that is regular everywhere inside the fluid. We then solve the
corresponding differential equations, including the TOV equilibrium condition, using a 4-th order
Runge-Kutta method and obtain a consistent model with a central perfect-fluid core surrounded by
dust. Then, we analyze numerically the evolution of these initial conditions using the Ollinsphere
code and obtain as a result a dynamical process in which the dust implodes into the central core to
form a collapsed configuration. The density and pressure of the resulting matter distribution satisfy
the standard physical conditions. The model is also consistent with the Buchdahl limit and the speed
of sound conditions, even by using realistic values of compact astrophysical objects such as neutron
stars.

17
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Numerical simulation of high energy particle physics problems.

Author: Igor Chernykh1

Co-authors: Igor Kulikov 1; Ivan Chernoshtanov 1; Vitaly Vshivkov 1; Marina Boronina 1

1 Institute of Computational Mathematics and Mathematical Geophysics SB RAS

Igor Chernykh, Igor Kulikov, Vitaly Vshivkov, Ivan Chernoshtanov, Marina Boronina

Particle-in-cell (PIC) numerical simulations are widely used for the numerical modeling of plasma
physics problems. These simulations are used primarily, but not exclusively, to study the kinetic
behavior of the particles. For example, we used this method for numerical simulations of physics in
linear particle accelerators [1,2,3].
The main idea of the method is to describe the plasma as a set of electrons and ions, which are mod-
eled as discrete entities that move in continuous fields that are calculated on a computational mesh.
The calculation of the motion of each particle is defined by electromagnetic fields.
The main difference between different PIC codes is in the coupling of the
particles and the field. Another PIC method classification is based on Maxwell’s equation solver.
There are different types of discretization techniques, such as second-order finite-difference time-
domain (FDTD) algorithm, non-standard finite-differences as well as pseudospectral analytical time-
domain (PSATD), pseudospectral time-domain (PSTD) algorithms. In our simulations, we use our
modification of the FDTD method.
In this talk, we will show our new 3D solver for the numerical simulation of an open magnetic
trap, which is also helpful for cosmic rays and random magnetic trap simulation. Our new code
is optimized for high-performance supercomputers based on CPUs with advanced vector instruc-
tions (AVX2, AVX512). We will show the mathematical problem, numerical method, code structure,
technical details of vectorization, and code performance with some simulation results of the open
magnetic system for plasma confinement.
This work was supported by the Russian Science Foundation (project 19-71-20026)

[1] Chernykh, I., Kulikov, I., Vshivkov, V., Genrikh, E., Weins, D., Dudnikova, G., Chernoshtanov,
I., Boronina, M.: Energy Efficiency of a New Parallel PIC Code for Numerical Simulation of Plasma
Dynamics in Open Trap. Mathematics, 10, 3684 (2022).
[2] Chernykh, I., Vshivkov, V., Dudnikova, G., Liseykina, T., Genrikh, E., Efimova, A., Kulikov, I.,
Chernoshtanov, I., Boronina, M.: High-Performance Simulation of High-Beta Plasmas Using PIC
Method. Commun. Comput. Inf. Sci. 1331, 207–215 (2020).
[3] Chernoshtanov, I.S., Chernykh, I.G., Dudnikova, G.I., Boronina M.A., Liseykina, T.V., Vshivkov,
V.A. Effects observed in numerical simulation of high-beta plasma with hot ions in an axisymmetric
mirror machine //Journal of Plasma Physics, Volume 90, Issue 2, April 2024, 905900211.

18

Magnetized Color-Flavor Locked Spheroidal Strange Quark Stars
in γ-metric formalism
Author: Rajasmita Sahoo1

Co-authors: Asutosh Panda 1; Arunkarthiheyan Thiyagarajan 1; Somnath Mukhopadhyay 1

1 National Institute of Technology Tiruchirappalli

We investigate the mass-radius relationship of magnetized color-flavor locked (MCFL) spheroidal
strange quark stars within the framework of the γ-metric formalism. The CFL phase, a supercon-
ducting state of quark matter, is characterized by the pairing of quarks of different colors and flavors,
leading to a significant energy gap and increased stability. The Equation of State (EoS) of the magne-
tized color-flavor locked (MCFL) phase is self-consistently determined by using the solutions of the
gap equations of paired quark matter in presence of strong magnetic field and taking into consider-
ation the parallel and perpendicular pressures due to the field-induced breaking of spatial rotational
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symmetry. Due to the strong magnetic field, the total pressure becomes anisotropic, causing the
deformation of magnetized strange quark star from a spherical shape to an oblate spheroid. This de-
formation is accounted in the presence of a deformed Schwarzschild metric known as the γ-metric.
Our results indicate that the presence of strong magnetic field and the MCFL phase in parameterized
γ-metric formalism significantly influence the quark star’s maximum mass, radius and stability. We
considered two different bag constant values of 65 MeV /fm3 and 75 MeV /fm3 and three differ-
ent magnetic field values, 0, 6 × 1017 G and 1018 G. We found stable configurations of quark stars
with masses
gtrsim 2M⊙. The maximum mass with bag constant of 65 MeV /fm3 and with magnetic field of
1018 G turns out to be 2.17M⊙ with a corresponding equatorial radius of 15.44 km.

19

The Dynamic Formation of Dimensions in the Inner Levels of
Time under the Single Monad Model & Duality of Time Theory

Author: Mohamed Haj Yousef1

1 UAE University

Based on the Duality of Time hypothesis and the Re-Creation Principle of the Single Monad Model, a
dynamic and self-contained space-time is introduced and investigated. It is shown that the resulting
physical vacuum is granular, fractal, hyperbolic and genuinely complex, with real (inner) and imag-
inary (outer) levels of time. This complex-time space is reduced to the non-Euclidean space-time
continuum of General Relativity when we ignore the perpetual re-creation of spatial dimensions in
the inner levels of time. Therefore, it will be shown that the three principles of Relativity are derived
directly from the Duality of Time Theory, in addition to the principle of re-creation that is necessary
and sufficient to obtain exact mathematical derivation of the equivalence between gravitational and
inertial masses, as well as the mass-energy equivalence relation (E=mc2), starting from the classical
principles. This sequential re-creation in the inner levels of time is also crucial to realize the discrete
symmetry of spatial geometry and its instantaneous breaking. Many of the major persisting prob-
lems in physics and cosmology will be passingly inspected to demonstrate how they can be easily
resolved, or simply cease, in the light of this innovative cosmological model, including the arrow-of-
time, non-locality, homogeneity, supersymmetry, matter-antimatter asymmetry, mass generation
and the hierarchy of fundamental interactions. Additionally, it will be also shown that the resulting
dynamic formation of spatial dimensions will diminish the cosmological constant discrepancy by at
least 117 orders of magnitude.

20

Pulsar Passage: Impacts On The Solar System
Author: Anmol Gandhi1

1 Independent Researcher

Pulsars, rapidly rotating neutron stars formed from supernova explosions, are among the universe’s
most extreme astrophysical objects. Characterized by immense gravitational pull, intense radiation,
and powerful magnetic fields, these celestial bodies provide invaluable opportunities to study ex-
treme physics. Although the scenario of a pulsar entering the solar system is rare and hypothetical,
analyzing such an event offers significant insights into planetary dynamics and cosmic hazard eval-
uation.

This study explores the theoretical consequences of a pulsar’s passage through our solar system using
advanced gravitational modeling, radiation flux analysis, and magnetic field interaction simulations.
Simulation tools such as Universe Sandbox, Stellarium, and MATLAB enable precise predictions of
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pulsar trajectories, planetary movements, and interactions with magnetic fields. These simulations
reveal how a pulsar’s passage could dramatically alter planetary orbits, strip Earth’s atmosphere,
and destabilize the solar system’s structure. A close encounter could result in widespread destruc-
tion, including the ejection of planets from their orbits and the potential wiping out of all life on
Earth.

By calibrating models with real pulsar data, this study categorizes nearby pulsars based on their
proximity and threat levels, offering a predictive framework for monitoring and assessing cosmic
hazards. Additionally, it highlights the broader impacts on human civilization, such as catastrophic
disruptions to technology, communication networks, and power grids.

In conclusion, while the probability of a pulsar entering the solar system is minimal, studying its
hypothetical impacts advances planetary defense strategies. The integration of astrophysical theory
with practical simulation tools bridges the gap between theoretical research and risk management,
emphasizing the importance of preparing for rare but potentially catastrophic cosmic events.

Keywords: Theoretical Astrophysics, Gravitational Force, Planetary Science, Magnetic Force, Astro-
biology.

21

A protocluster in formation traced by Lyα emitters at z ∼ 4.5 in
the COSMOS field

Author: Mariana Rubet1

Co-author: Karín Menéndez-Delmestre 1

1 Universidade Federal do Rio de Janeiro

The densest structures of the Universe formed at the knots of the cosmic web at high redshifts and
constitute the present-day clusters of galaxies. The early stages of these structures are called pro-
toclusters. In this work, we use the submm source J1000+0234, representative of a population of
dusty and distant starburst galaxies expected to inhabit peaks of matter density, as a target for a
potential protocluster region. We use combined wide-band and narrow-band optical photometry to
identify Lyα emitters (LAEs) within a 21cMpc radius from the submm source J1000+0234, at z = 4.54
± 0.03, to identify typical star-forming galaxies that may trace the underlying structure containing
our target source. Our approach selects line emitters as narrow-band excess objects and we use the
COSMOS2020 photometric redshift catalog to eliminate potential low-redshift interlopers whose line
emission (e.g. [OIII] at z ∼ 0.3) might be responsible for the observed excess in the narrow band. In
comparison with the LAE density in the field, our results point to a mean LAE number over-density
of δ = 3, spanning a region of 27 x 20 x 36 cMpcˆ3, probably evolving into a moderate-mass cluster
(3 − 10 × 10ˆ14 M�) at z ∼ 0. This structure likely forms an extension at z ∼ 4.5, a few comoving Mpc
away from the recently identified Taralay protocluster. This work supports the idea that submm
sources, although offset from the major overdensity peaks, serve as traces of moderately massive,
potentially infalling structures.

22

Shaping the Cosmos: Mergers and the Transformation of Spiral
Galaxies

Author: Anmol Gandhi1

1 Independent Researcher
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Galaxy mergers are transformative events that significantly impact the evolution of galaxies by re-
shaping their structure, morphology, and dynamics. This study focuses on spiral galaxies and in-
vestigates how their morphologies evolve after merging with companion galaxies. We integrate
observational data from large-scale surveys such as Sloan Digital Sky Survey (SDSS) and the Hubble
Space Telescope (HST) with high-resolution numerical simulations (IllustrisTNG, EAGLE, GADGET,
RAMSES) to analyze post-merger morphological outcomes. Key initial conditions mass ratios, an-
gular momentum, gas content, and collision geometry are systematically correlated with resulting
structures, including elliptical, lenticular, irregular, and transitional morphologies. Unlike prior iso-
lated studies, our comprehensive approach connects multiple physical parameters to these outcomes,
providing broader insight.

We also examine the role of environmental factors such as local galaxy density and cluster member-
ship in influencing merger dynamics and final morphology. This dual focus on intrinsic and extrinsic
variables presents a holistic framework for understanding galaxy evolution. The analysis leverages
Python-based tools, using AstroPy for computations, NumPy and Pandas for data handling, and Mat-
plotlib for visualization. Morphological metrics like Gini-M20 and CAS (Concentration, Asymmetry,
Smoothness) indices are applied to quantify structure and classify galaxies post-merger.

This study aims to uncover correlations between mass ratios and morphological transformations,
particularly in spiral galaxies situated in dense environments. We investigate how internal dynam-
ics and external conditions jointly influence the structural evolution of galaxies post-merger.
This work contributes a statistically robust perspective on galaxy mergers and their role in shaping
the structural diversity of the cosmos, advancing the field of extragalactic astronomy and cosmol-
ogy.

Keywords: Galaxy mergers, Cosmic Collisions, Galaxy Morphology, Astrophysical Simulations,
Galaxy Formation, Cosmological Surveys.

23

Impact of Teleparallelism on Addressing Current Tensions and
Exploring the GW Cosmology

Author: Sai Swagat MishraNone

Co-author: Kavya N S 1

1 CHRIST (Deemed to be University)

The H0 and S8 tensions highlight critical discrepancies in modern cosmology, challenging the stan-
dard Lambda cold dark matter model. The H0 tension arises from conflicting measurements between
local probes and early-Universe predictions. Similarly, the S8 tension, related to the amplitude of
matter clustering, exposes inconsistencies between cosmic microwave background data and weak
gravitational lensing surveys. The primary goal of this work is to address these tensions by mod-
ifying the underlying geometric framework. Specifically, we test two f(T ) gravity models using
cosmic chronometers, baryonic acoustic oscillations, gamma-ray bursts, and Pantheon+SH0ES data
sets and compare the results with gravitational-wave data for validation. Both teleparallel models
demonstrate promising performance in simultaneously alleviating the H0 and S8 tensions.

24

Quechua Inka Astronomy
Author: Steven Gullberg1

1 University of Oklahoma
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The Inkas worshipped the Sun, and their emperor was thought to be the son of the Sun. They
conquered most of the Andes and their former empire is replete with examples of their astronomy.
They used solar positions on the horizon for calendrical purposes and managed their crops and
religious festivals in this fashion. Many examples remain of their intentional light and shadow effects
that demonstrate their sophisticated understanding of the Sun’s movement and of solar horizon
events.

Evidence of their astronomy can only be fully understood in its cultural context. This presentation
introduces the cosmic worldview of the Inkas from the perspective of oral traditions passed from
one generation to the next among the Inkas’living descendants. As such, Inka astronomy is explored
with local insight rather than that of perspectives from North America or Europe.

25

Equation of State for Dense Matter from QCD Sum Rules: Impli-
cations for Hybrid Star
Author: Hamidreza Moshfegh1

Co-authors: Fatemeh Moradi Jangal ; Kazem Azizi

1 University of Tehran

In this work, we employ coupling constants derived from non-perturbative QCD Sum Rules in con-
junction with the relativistic mean field (RMF) framework to construct the equation of state (EoS)
for beta-stable baryonic matter. Utilizing this EoS, we systematically investigate the structure of hy-
peronic and hybrid stars, including the Hyperon-Quark phase transition , modeled via conventional
approaches such as the MIT Bag model. Our results demonstrate that, with an appropriate selection
of QCD Sum Rules-based coupling constants available in the literature, the existence of hybrid stars
with masses exceeding two solar masses can be theoretically justified. Additionally, we compute
key astrophysical observables, including tidal deformability, and show that the proposed approach
effectively reproduces constraints derived from recent neutron star observations.

26

Bulk viscosity analysis with new holographic dark energy in f(R,
T) theory
Author: Simran Kaur1

1 Maitreyi College

This paper represents the viscous circumstances to imitate new holographic dark energy behaviour
in modified f(R, T) gravity theory with a flat Friedmann–Robertson–Walker model with bulk viscos-
ity. Here, we assume bulk viscosity to be directly proportional to Hubble’s parameter (ζ∝H), i.e., ζ =
ζ 0H, where ζ is assumed to be bulk viscosity coefficient, ζ 0 is a positive constant, and H is Hubble’s
parameter. In this particular model, we consider f(R, T) = R + λT, where R represents the Ricci scalar,
λ as a constant, and T as trace of the energy–momentum tensor. The focus of this article majorly re-
volves around the concept that the negative pressure induced by bulk viscosity could potentially act
as the driving force behind dark energy, contributing to the expansion of the universe. We precisely
determine the scale factor’s primary solution and examine all possible conditions: deceleration as
well as acceleration, which contributes to the universe’s evolution. Depending on the values of the
viscous terms, it has been observed that the model shows the decelerated period as well as the ac-
celerated period. Later, we examine the diagnostic parameters, statefinder {r, s} to distinguish our
model from the other existing dark energy models. Thus, a modified theory of gravity can explain
the dark energy phenomenon in the presence of bulk viscosity.
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27

Is f(Q) capable of relieving H0 and S8 tensions?
Author: Kavya N S1

Co-author: Sai Swagat Mishra

1 CHRIST (Deemed to be University)

Yes, the symmetric teleparallel framework brings about the possibility of alleviating cosmological
tensions. The current burning issue in cosmological studies is the increase in discrepancies in mea-
surements from several surveys. Here, we have focused on H0 and S8 tensions, which are important
factors in describing the evolution of the Universe from primordial perturbation to late-time acceler-
ation. Additionally, the consistency of the sound horizon is verified against the Planck results. The
f(Q) gravity model is constrained using recently obtained data. Implementing gravitational wave
data to study late-time acceleration is one of the key features of our study. Since standard sirens show
promising results, the implementation of gravitational waves to probe dark energy is an interesting
study. Through our work, we introduce this possibility by performing statistical MCMC analysis
for late-time cosmological evolution. Also, the H0 and S8 tensions are explored utilizing gravita-
tional wave data alongside other prominent datasets, such as DESI, redshift space distortion, cosmic
chronometers, Pantheon+SH0ES, and CMB. With the results obtained, we analyzed the profile of cos-
mological parameters. Finally, the study presents the tension of the model with observations, which
is found to have a much lower magnitude compared to the current trend. Thus, the considered f(Q)
model alleviates tension, making it the best candidate for further investigation.

28

Fermionic dark matter & galactic structure

Author: Carlos ArgüellesNone

Co-authors: Andreas Krut ; Florencia Vieyro ; Joaquin Pelle ; Jorge Rueda ; Martin Mestre ; Remo Ruffini ; Santiago
Collazo ; Valentina Crespi

The nature of dark matter (DM) is one of the most relevant questions in modern astrophysics. I will
present a brief overview of recent results that inquire into a possible fermionic quantum nature of
the DM particles, focusing mainly on the interconnection between the microphysics of the neutral
fermions and the macro-physical structure of galactic halos. I will show how such an intercon-
nection when analyzed through a first principle physics model based on statistical mechanics and
thermodynamics of self-gravitating fermions, leads to a richer core-halo structure for the DM halos
than the one obtained from N-body simulations. I will discuss the many distinct applications of such
a fermionic model both on halo scales -including morphology constraints from rotation curves and
stellar streams- all the way to galaxy center scales -including the case of SgrA* and supermassive BH
formation-. In particular I will highlight the possibility that the Milky way, as well as low luminosity
AGNs, harbor a dense DM fermion-core at their centers instead of a
supermassive black hole.

30

Hybrid Nuclear Matter EOS with Color Superconducting Quark
Phase: Bayesian Constraints from Observations
Author: Alexander Ayriyan1

1 University of Wroclaw & AANL
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We perform a Bayesian analysis of the equation of state (EOS) constraints using recent observational
data, including pulsar masses, radii, and tidal deformabilities. Our focus is on a class of hybrid neu-
tron star EOS that incorporates color superconducting quark matter, based on a recently developed
nonlocal chiral quark model. The nuclear matter phase is described using a relativistic density func-
tional approach within the DD2 class, while the phase transition between nuclear and quark matter
is described using a Maxwell construction.
Our analysis identifies a region within the two-dimensional parameter space, defined by the vector
meson coupling and scalar diquark coupling, where the observational constraints are met with the
highest probability (90% of the maximum). We present the overlap of this region with those where
other properties are fulfilled:
1. Strong phase transition that produces a third family of compact stars.
2. Maximum mass of hybrid neutron star exceeds that of the purely nucleonic star.
3. Onset mass for quark deconfinement below one solar mass.

31

To understand the specific heat capacity of solids with unified
atomic mass unit, kg mole mass and sub-zero reference tempera-
ture
Author: Satya Seshavatharam Utpala VenkataNone

Co-authors: Lakshminarayana S 1; Gunavardhana Naidu T 2

1 Dept. of Nuclear Physics, Andhra University, Visakhapatnam-03, AP, India
2 Dept. of Physics, Aditya Institute of Technology and Management, Tekkali-532201, AP, India

Independent of room temperature and considering Boltzmann’s constant kB and mass of the atom
MA, in SI units, specific heat capacity of any solid can be approximated with Cs

∼= 3kB

MA

∼= 3000RU

A

where Ru is the Universal gas constant and A is the atomic mass number. Considering the uni-
fied atomic mass unit, adopting inverse of the root of the Avogadro number as a representation
of characteristic sub-zero reference temperature,T0

∼= 4.07 × 10−14 K and following the notion
of A kg mass of the solid, specific heat capacities of solids can be estimated. In addition to that,
mystery of RU and 3RU , can be understood in terms of other fundamental physical constants. Er-
ror in estimating the specific heat capacities of heavy solids can be minimized by considering their
internal structure, inter atomic distances, increasing mass number and decreasing nuclear binding
energy. With further study and considering the melting and boiling points of solids, specific heat
capacities of liquids, gases and other compound substances can be understood. Regarding the de-
fined sub-zero reference temperature, with reference to the binding energy of electron in hydrogen
atom, ln

(
13.6 eV
kBT0

)
∼= 42.8 ∼=

√
Proton rest mass
Electron rest mass . Considering the thermal behaviour of stars,

observed highest star surface temperature seems to be around (1.0 to 2.0) × exp (42.8) × T0
∼=

(0.16 to 0.32) million degree C . Like other elementary physical constants, it seems to have a vital
role in quantum mechanics, astrophysics and cosmology.

32

Investigating early and late-time epochs in gravity
Authors: Ameya Kolhatkar1; Pradyumn Kumar Sahoo1; Sai Swagat Mishra1

1 BITS Pilani, Hyderabad Campus

In the following work, a new hybrid model of the form f(Q) = Q(1 + a) +
bQ2

0

Q has been proposed
and confronted using both early as well as late-time constraints. We first use conditions from the era
of Big Bang Nucleosynthesis (BBN) in order to constrain the models which are further used to study
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the evolution of the Universe through the deceleration parameter. This methodology is employed
for the hybrid model as well as a simple model of the form 1Q + 2Q0 which is found to reduce to
ΛCDM. The error bar plot for the Cosmic Chronometer (CC) and Pantheon+SH0ES datasets which
includes the comparison with CDM, has been studied for the constrained hybrid model. Additionally,
we perform a Monte Carlo Markov Chain (MCMC) sampling of the model against three datasets –
CC, Pantheon+SH0ES, and Baryon Acoustic Oscillations (BAO) to find the bestfit ranges of the free
parameters. It is found that the constraint range of the model parameter (a) from the BBN study
has a region of overlap with the ranges obtained from the MCMC analysis. Finally, we perform a
statistical comparison between our model and the ΛCDM model using AIC and BIC method.

33

Drak PeVatrons
Author: Gustavo Esteban Romero1

1 Instituto Argentino de Radioastronomía

Recent observations by the LHAASO high-energy detector have revealed more than 40 sources with
energies exceeding 100 TeV, most of which are located near the Galactic Plane. The nature of the ma-
jority of these sources remains unknown. Their emission must be powered by relativistic particles
with energies near, or even beyond, the knee of the cosmic ray spectrum. Uncovering the origins of
these cosmic ray accelerators presents a major challenge in contemporary high-energy astrophysics.
In this talk, I will propose that some of these sources may be associated with super-Eddington ac-
cretors and dormant microquasars that emit little or no radiation at other wavelengths. I call these
objects “Dark PeVatrons”.

34

Extracting protoneutron star properties from supernova gravita-
tional waves
Author: Hajime SotaniNone

Supernova gravitational waves are the candidates next to those from the compact binary mergers.
The gravitational waves generally depend on the supernova models, such as the progenitor mass and
equation of state (EOS) for a higher-density region. So, even if one succeeds in detecting them in
the future, it may be difficult to extract physical information from them. Up to now, the supernova
gravitational waves have mainly been studied via numerical simulations. From such simulations,
the gravitational wave signals are shown, whose frequencies increase from a few hundred hertz to
kilohertz. On the other hand, the origin of this signal has been unclear. To understand the gravi-
tational wave signals appearing in numerical simulations, we are studying them with the approach
of asteroseismology. In particular, using the numerical data of simulations, we prepare the pro-
toneutron star models and determine the specific oscillation modes on each time step. Then, we
successfully identify the gravitational wave signals that come from the fundamental oscillations of
protoneutron stars. In this talk, we also show the recent progress in supernova gravitational waves
with asteroseismology.

35

The pcGR within the Hořava-Lifshitz gravity and the Wheeler-
deWitt quantization
Authors: Cesar A Zen Vasconcellos1; Dimiter Hadjimichef1; Peter HessNone
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1 Universidade Federal do Rio Grande do Sul

We investigate a coordinate extended version of General Relativity (GR), called pseudo-complex
General Relativity (pcGR),within the Hořava–Lifshitz gravity, which is a regularized version of GR.
The pcGR can interpolate between GR and a theory including also a minimal length and in addi-
tion the accumulation of dark energy. The investigation concentrates on Schwarzschild black holes.
The Wheeler-deWitt equation is derived, which provides a quantization of pcGR. Applying some
approximations, the structure of the solutions of the Wheeler-deWitt equation can be found and
consequences be discussed. This study covers GR and an extended theory including the accumula-
tion of dark energy. One main result will be that the singularity at the center of the black hole is
avoided, due to the non-linear interaction terms of the Hořava–Lifshitz action. The contributions of
the extrinsic curvature, in form of a kinetic energy, play a particular role in still avoiding a singularity
in GR.

36

Connectivity, Multiplicity, and Local Distortions of Space-Time:
Some Fundamental Problems of Cosmology among theMoqoit of
the Chaco
Author: Alejandro Martin LópezNone

Indigenous cosmologies are frequently portrayed in anecdotal and superficial terms, a tendency that
exoticizes them and frames them as products of irrationality or as beliefs. Such perspectives obscure
the profound intellectual efforts these cosmologies represent—attempts to comprehend the structure
of the cosmos and to live accordingly. This presentation proposes an alternative approach by engag-
ing with key cosmological questions from the standpoint of Moqoit intellectual traditions in the
Argentine Chaco. The Moqoit, originally a hunter-gatherer group, were subjected to forced sedenta-
rization in the late 19th century and today primarily inhabit southern Chaco Province and central to
northern Santa Fe Province, Argentina. Drawing on nearly three decades of ethnographic and eth-
nohistorical research, I will explore some of the underlying logics in Moqoit cosmological models
and their implications for understanding how this Indigenous group conceptualizes and inhabits the
world. This perspective seeks to contribute to a broader dialogue on human cosmological production
that takes Indigenous thought seriously as a form of rigorous intellectual inquiry.

37

The Universe as a Grand Computational System
Author: Matt Leibel1

1 Na

The Grand Computational System proposes a unifying framework in which mass, gravity, time,
and consciousness emerge from a quantum information processing substrate. Rather than treating
spacetime as a static background and mass as intrinsic, this model views the universe as a dynamic
computational engine, where energy is processed through entropy driven interactions and encoded
into spacetime via structured photonic emissions. Spacetime processes information, it is a 2D holo-
graphic (reflective) Surface (Boundary) which is also known as the observer itself. Consciousness
arises from the self reflection of projecting reality. Key to this theory is an observer-based correction
to the Bekenstein Bound, asserting that information is encoded only across the observer-accessible
plane, not the full 2D boundary. A case study using a 1 kg steel cube introduces a square root correc-
tion to photon emission data, allowing a derivation of Einstein’s equation (E = mc²) [Einstein, 1905]
from quantum information principles and thermodynamics. Mass is reconceptualized as structured
light, and inertia as resistance to information restructuring. Gravity emerges not as a force, but as
a computational constraint that adjusts spacetime curvature to optimize information flow. Black
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holes are framed as nodes of information restructuring, resolving the information paradox by treat-
ing Hawking radiation as an encoded, non-thermal emission. Time arises from quantum update
cycles, and its directionality is tied to entropy accumulation. Consciousness is modeled as a non-
local interaction between the brain and the quantum information field, with subjective experience
emerging from entangled informational states. The theory unifies classical and relativistic physics
through information and entropy, offering testable predictions in quantum computing, gravitational
anomalies, and consciousness studies. In essence, this framework recasts reality as a holographic,
self-regulating quantum information system governed by entropy, light, and observation.

38

Investigating electromagnetic dissociation inultraperipheral heavy
ion collisions within the QCD color dipole picture
Author: Magno Machado1

Co-author: Daniel Fagundes 2

1 IF-UFRGS
2 UFSC

In this work we analyze the vector meson photoproduction accompanied by electromagnetic disso-
ciation (EMD) in ultraperipheral nucleus-nucleus collisions at the LHC and RHIC energies using the
QCD color dipole formalism. An analytical dipole cross section is considered based on the double
asymptotic scaling of the gluon distribution. It takes into account both the QCD evolution for small
dipoles and gluon saturation for the large ones. The rapidity distributions for J/Psi and rho for coher-
ent, 0n0n, 0nXn and XnXn neutron multiplicity classes are presented. In the numerical calculations
the nOOn generator of forward neutrons for ultra-peripheral collisions has been used.

39

Theoretical Foundations of the Sunyaev-Zel’dovich Effect
Author: Raul Grande Quartieri1

Co-author: Mariana Penna-Lima 1

1 Universidade de Brasília - UnB

The cosmic microwave background (CMB) is a powerful observational tool for probing the for-
mation and evolution of structures in our universe, encoding information through both primary
anisotropies, imprinted by primordial fluctuations, and secondary anisotropies, which arise from
interactions with large-scale structures. Among the secondary anisotropies, a particularly powerful
probe of ionized gas, such as that found in the intracluster medium (ICM) of galaxy clusters, is the
Sunyaev-Zel’dovich effect (SZE), i.e., the spectral distortion induced in the CMB spectrum by the
interaction of CMB photons with free electrons in the ICM via inverse Compton scattering.

Although the phenomenology of both the thermal and kinetic components of the SZE is well under-
stood, a rigorous derivation of this effect is rarely presented in the literature. Therefore, in this work,
we aim to provide such a derivation by formulating the Boltzmann equation in a curved spacetime
framework and applying tools from quantum field theory to describe the underlying microscopic
interactions responsible for the effect.

40
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EnergyConditionBounds in f(R)Theories forObservationalCon-
frontation: An Application to the Hu-Sawicki Model
Author: Lucca Lopes Dias Santos1

Co-author: Mariana Penna-Lima 1

1 Universidade de Brasília

Observational data suggest a recent accelerated expansion of the universe. Within the framework
of the Standard Model of Cosmology, such expansion is regarded as a consequence of dark energy.
An alternative approach, however, involves geometric modifications to General Relativity, leading
to modified theories of gravity. The energy conditions are a set of physical assumptions that impose
constraints on the Ricci and energy-momentum tensors, which translate into inequalities when ap-
plied to some gravity theory. These constraints can be written in terms of cosmographic functions,
such as the Hubble H(z), the deceleration q(z), the jerk j(z) and the snap s(z) functions, which
can be reconstructed from observational data. In this work, we derive the equations of motion for
a general f(R) gravity model and evaluate the energy conditions within the Hu-Sawicki f(R) the-
ory, obtaining bounds for its parameters in terms of these cosmographic functions. We also find
expressions for j(z) and s(z) in terms of H(z), q(z), and its derivatives. This provides a founda-
tion for future comparisons with observational data through the reconstruction of such functions
and, in this way, enables the imposition of observational constraints on the Hu-Sawicki f(R) model
parameters.

41

Expansion of the Universe in Bianchi I Cosmology
Author: Bruno Henrique Sousa Nogueira1

Co-author: Mariana Penna-Lima 1

1 Universidade de Brasília

The standard cosmological model assumes spatial homogeneity and isotropy, assumptions that are
supported by cosmic microwave background observations on scales larger than 100 Mpc. However,
local measurements suggest that these assumptions may break down at smaller scales. In this work,
we revisit the Friedmann model and extend its methodology to the anisotropic Bianchi I metric,
which allows for distinct scale factors along each spatial direction. We derive the equations of motion
for these scale factors and define directional Hubble functions analogous to the standard Hubble
parameter. The energy densities of cosmological fluids (matter, radiation, and cosmological constant)
are adapted to the anisotropic framework, incorporating directional pressure components.

Analytical solutions for the scale factors are obtained for matter-dominated and cosmological-constant-
dominated universes, revealing asymptotic convergence to the Friedmann solutions at late times.
Our results confirm that anisotropies decay as t2/3 in a matter-dominated era and as e

√
Λ/3 t in a

Λ-dominated regime, preserving consistency with large-scale isotropy. Future work will focus on ex-
pressing directional Hubble functions in terms of redshift and angular position to probe anisotropies
at different scales using type Ia supernovae and low-z galaxies, aiming to determine the scale below
which the Friedmann model ceases to be valid.

43

On the possible role of the Planck length in fitting the neutron
lifetime
Author: Satya Seshavatharam Utpala VenkataNone
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Co-authors: Gunavardhana Naidu T 1; Lakshminarayana S 2

1 Dept. of Physics, Aditya Institute of Technology and Management, Tekkali-532201, AP, India
2 Dept. of Nuclear Physics, Andhra University, Visakhapatnam-03, AP, India

At present, no unified formula is available for estimating the Planck length or the Newtonian grav-
itational constant in terms of elementary physical constants. In this context, considering our 4G
model of final unification, we have noticed a simple relation for fitting the Planck length in terms
of nuclear physical constants. The hypothetical distance travelled by photon in a time span equal to
the neutron lifetime seems to be: Directly proportional to the squared proton mass and the nuclear
volume; Inversely proportional to the nucleon mass difference, electron mass, nuclear charge radius
and twice the Planck length. It may be noted that, twice the Planck length can be understood as the
Schwarzschild radius of the Planck mass. This relation seems to highlight the need and accuracy of
the nuclear charge radius and neutron lifetime. Considering our 4G model, nuclear charge radius is
1.2393 fermi. For a nuclear radius of (1.23 to 1.24) fermi, obtained neutron life time is (871 to 885)
sec. Interesting point to be noted is that, a small reduction in nuclear volume seems to reduce the
neutron lifetime significantly by the dominating weak interaction. Considering this approach, beam
and bottle methods of neutron lifetimes can be analyzed. It needs further research.

44

Propagators for Negative-energy and Tachyonic Solutions of Rel-
ativistic Equations

Author: Valeriy DvoeglazovNone

We analyzed the recent controversies in the definitions of the Feynman-Dyson propagator for the
field operator. In this work we present some insights with respect to this for spin 1/2. Both algebraic
equation Det(p̂−m) = 0 and Det(p̂ + m) = 0 for u− and v− 4-spinors have solutions with p0 =

±Ep = ±
√

p2 +m2. The same is true for higher-spin equations (or they may even have more
complicated dispersion relations). The Fock space can be doubled on the quantum-field (QFT) level.
In this talk. we give additional bases for the development of the correct theory of spin particles
in QFT. It seems, that it is imposible to consider the relativistic quantum mechanics appropriately
without negative energies, tachyons and appropriate forms of the discrete symmetries, and their
actions on the corresponding physical states.

45

New Stable Branches of Compact Stars Beyond the Maximum-
Mass Turning Point
Author: German Lugones1

1 UFABC

Compact stars lying beyond the maximum-mass turning point on the M(R) curve are usually re-
garded as dynamically unstable, based on the assumption that any Lagrangian fluid perturbation
preserves instantaneous beta equilibrium. However, we show that when chemical equilibrium can-
not be re-established during disturbances, previously overlooked sequences appear in models of
purely hadronic stars, hybrid hadron–quark stars, and self-bound quark stars. Along these extended
branches, linear-response calculations yield positive squared eigenfrequencies for the fundamental
oscillation mode, confirming stability well past the classical mass peak. We discuss the microscopic
mechanisms that suppress the growth of perturbations. Finally, we outline potential observational
signatures and astrophysical implications of such configurations.
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46

Effective field theory of composite nucleons in high density mat-
ter
Author: Gastao KreinNone

At sufficiently high baryon densities, the internal quark-gluon wave functions of neighboring nucle-
ons begin to overlap and delocalize, potentially giving rise to a percolation-like phenomenon. Mod-
eling such systems is particularly challenging, as nucleons gradually lose their identities and can
no longer be treated as appropriate degrees of freedom in dense nuclear matter. In this talk, I will
discuss an effective field theory (EFT) that incorporates the internal structure of nucleons through
modified nucleon field operators. Rather than employing complex many-quark composite field op-
erators, this EFT retains nucleon fields whose anticommutation relations deviate only slightly from
the canonical fermionic form. These deviations, arising from the internal structure of nucleons, are
explicitly dependent on the baryon density.I will also present numerical results for the equation of
state of both symmetric nuclear matter and pure neutron matter, obtained within the mean-field
approximation of this EFT framework.

47

The stellar black holes of the Milky Way
Author: Jorge HorvathNone

Co-authors: Bianca Bulhões Martins 1; Lucas G. Barão 1; Lucas de Sá 1; Lívia S. Rocha 2; Márcio G.B. de Avellar
3

1 IAG-USP, São Paulo
2 IF-USP
3 INPE

We select and gauge a sample of confirmed galactic black holes, both in X-ray binary systems and
“dormant”, evaluating their masses individually with statistical methods. The 41 objects double the
number used to explore the mass distribuition, which is also addressed as a whole. The forma-
tion channels and a comparison to the extragalactic distribution seen in GW events are also ad-
dressed.

48

Cosmological effect of coherent oscillation of ultralight scalar
fields in a multicomponent universe
Author: Priyanka Saha1

1 Phd scholar, IIT Kanpur

The idea that coherent oscillations of a scalar field, oscillating over a time period that is much shorter
than the cosmological timescale, can exhibit cold dark matter (CDM) like behavior was previously
established. In our work we first show that this equivalence between the oscillating scalar field
model and the CDM sector is exact only in a flat Friedmann-Lemaitre-Robertson-Walker (FLRW)
spacetime in the absence of cosmological constant and any other possible matter components in
the universe when the mass of the scalar field is very large compared to the Hubble parameter.
Then we show how to generalize the equivalence between the coherently oscillating scalar field
model and the CDM sector in a spatially curved universe with multiple matter components. Using
our general method, we will show how a coherently oscillating scalar field model can represent the
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CDM sector in the presence of non-minimal coupling of the CDM sector with radiation. Our method
is powerful enough to work out the dynamics of gravitational collapse in a closed FLRW spacetime
where the coherently oscillating scalar field model represents the CDM sector. We have, for the first
time, presented a consistent method which specifies how a coherently oscillating scalar field model,
where the scalar field is ultralight, acts like the CDM sector in a multicomponent universe.

49

GWTC-4: Cosmic Echoes of Black Hole and Neutron Star Merg-
ers
Author: Amazigh OUZRIAT1

1 IP2I Lyon, France

The detection of gravitational waves emitted by binary mergers has opened a new window onto
the Universe, offering a unique probe of compact objects across cosmic history. The LIGO-Virgo-
KAGRA collaboration has recently released the fourth Gravitational-Wave Transient Catalog (GWTC-
4), featuring over 200 confidently identified events, primarily from binary black hole mergers. This
unprecedented dataset enables detailed population studies, providing insights into the mass, spin,
and redshift distributions of compact binaries and offering clues about their astrophysical origin and
formation channels. Beyond population inferences, GWTC-4 also delivers updated constraints on
the Hubble constant and allows for stringent tests of general relativity in the strong-field regime.
This presentation will highlight these key scientific results, along with the improved detector sensi-
tivity and analysis techniques that made them possible.

50

Short-GRBs from Shock Collisions Driven by Magnetic Recon-
nection in Cosmic String Wakes
Author: DILIP KUMAR1

Co-authors: Bijita Bose ; Soma Sanyal 1

1 School of Physics, University of Hyderabad

We study the generation of short-duration Gamma-Ray Bursts (s-GRBs) resulting from magnetic re-
connection in the magnetized wakes of cosmic strings. Magnetic reconnection occurs at multiple
sites along the wake, releasing substantial energy over short timescales. These events produce shock
waves with varying velocities that collide and give rise to brief but intense bursts of radiation. We
model the resulting light curve from multiple shock collisions and analyze how key parameters such
as magnetic field strength, plasma density, and redshift influence the observed emission. Our find-
ings show that these factors significantly affect the burst duration, peak flux, and temporal structure
of the GRB lightcurve. In particular, we examine the occurrence of short-duration GRBs at high red-
shifts and find that our model yields lightcurves consistent with several experimentally observed
high-redshift GRBs. These results suggest that magnetic reconnection in cosmic string wakes may
provide a plausible origin of such GRBs in the early universe.

Keywords: cosmic string wakes, magnetic reconnection, Gamma-Ray Bursts.
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Statistical Analysis of Cosmologies in \( f(R) \)Theories with DESI
DR2 2025 Data
Author: Francisco Plaza1

Co-author: Lucila Kraiselburd 1

1 Facultad de Ciencias Astronomicas y Geofisicas UNLP

This year, a publication from the DESI DR2 project has attracted significant attention by reporting
new measurements of Baryon Acoustic Oscillations (BAO), which provide very strong evidence in
favor of an alternative cosmological model compared to the standard cosmological model (ΛCDM).
Specifically, the authors perform a statistical analysis using these data for both the standard ΛCDM
model and an alternative dark energy scenario characterized by a time-dependent equation of state,
followed by a Bayesian model comparison. It is through this comparison that, notably, very strong
evidence was found in favor of the alternative model—an outcome that explains the considerable
impact of the publication.

Motivated by these results, we have carried out a similar analysis to investigate the Bayesian com-
parison between the ΛCDM model and a class of alternative cosmologies derived from generalized
theories of gravity of the f(R) type.

These kind of models are capable of explaining the accelerated expansion of the Universe without
invoking dark energy proposing that acceleration arises from intrinsic geometrical properties of
spacetime itself.

We analyze four of the most widely accepted f(R) gravity models, incorporating a comprehensive
set of cosmological observational data. Our analysis includes cosmic chronometers, Type Ia super-
novae (SNe Ia), and the latest, high-precision Baryon Acoustic Oscillation (BAO) measurements from
the DESI Data Release 2 (DR2).

Our findings also show very strong evidence in favor of the alternative model over the standard
cosmological paradigm.

52

Photon rings and black hole shadows: analytical calculations and
observations
Author: Ernesto Fabián Eiroa1

1 Instituto de Astronomía y Física del Espacio (IAFE, CONICET-UBA)

The images the supermassive black holes at the centers of the galaxies M87 and the Milky Way,
obtained by the Event Horizon Telescope (EHT) Collaboration, show a dark region known as the
shadow surrounded by a bright ring. The trajectories of light rays are strongly deflected in the close
vicinity of black holes and part of photons are trapped, resulting in the presence of the shadow
in the observer sky. The shadow is circular in the case of a static black hole, while for a rotating
one is deformed in an asymmetric form which depends on the spin of the compact object and the
angle of observation. The contour of the shadow can be obtained analitically with a separation of
variables in the Hamilton-Jacobi equation for photons. This method, firstly intruduced for the Kerr
spacetime, has then been extended to a large class of geometries, which include rotating black holes
resulting from the modified Newman-Janis algorithm. The procedure has been recently extended to
black holes surrounded by a plasma which obeys a suitable separability condition. The observation
of the shadow can be a tool for the study of models supermassive black holes and to find possible
deviations from the Kerr solution. These deviations requiere improved capabilities with respect to
the current EHT array. In this talk, a review of the current analytical research is presented along
with the prospects of the next-generation Event Horizon Telescope (ngEHT).
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53

Spherical thin shells with charge in unimodular gravity
Author: Griselda FigueroaNone

Co-authors: Ernesto F. Eiroa 1; Gabriel Bengochea 2

1 Instituto de Astronomía y Física del Espacio (IAFE, CONICET-UBA)
2 IAFE (CONICET-UBA)

A broad family of spacetimes with spherically symmetric thin shells within unimodular gravity the-
ory is introduced and the analysis of the dynamical stability for perturbations preserving the sym-
metry is done. Two different particular solutions are adopted for which the non-conservation of the
energy-momentum tensor is allowed. In both scenarios, the charged thin-shell surrounds a vacuum
region and the whole geometry has no event horizons nor singularities. Stable configurations are
found for suitable values of the parameters. These results are compared with those corresponding
to general relativity, showing some differences in the matter content and in the stability zones in
the parameter space.

54

Pulsar observations from the Argentine Institute of Radio astron-
omy
Author: Ezequiel Zubieta1

1 Instituto Argentino de Radioastronomía

The Argentine Institute of Radio astronomy (IAR) has been conducting a long-term high-cadence
pulsar monitoring campaign using its two 30-meter single-dish radio telescopes. This program fo-
cuses on studying the rotation behavior, and emission variability of a selected sample of pulsars in
the southern sky in the 1.4GHz band. Over the past years, the IAR has contributed to the detection
and characterization of glitches, timing noise and emisión properties in different pulsars, providing
valuable data for understanding neutron star physics. Besides its own results, the IAR has also con-
tributed with its pulsar ephemeris to the Ligo-Virgo-kagra collaboration to search for gravitational
waves originated from neutron stars. We present an overview of the observational setup, data analy-
sis techniques, and key results from this campaign, including recent findings on pulsar glitches and
emisión variability. We also present the applications of the ephemeris for the search of gravitational
waves thorugh the LVK collaboration.

55

Towards a Standardized Methodology for Cosmic Void Analysis

Author: Jorge Federico Bustillos Rava1

Co-authors: Andrés Ruiz 1; Dante Paz 1; Juan Cabral 2

1 Institute of Theoretical and Experimental Astronomy, UNC-CONICET, Laprida 854, X5000BGR Córdoba, Argentina
2 Technological Linkage Management National Commission for Space Activities (CONAE)

Cosmic voids are regions of the Universe that contain very few galaxies in their interiors, forming
large expanses of relatively empty space. The study of these structures allows an understanding of
the formation and dynamics of the Cosmic Web, making inferences about global cosmology, testing
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theories of galaxy formation and evolution, and testing modified gravity models. There are various
algorithms for identifying cosmic voids in the literature. Some are based on the identification of
voids as low-density regions using galaxies as tracers. Although there are a large number of studies
carried out on cosmological voids, in general each study uses its own identification method and its
own parameters, making comparison very difficult. Although there have been initiatives to carry
out a comparison, there is still no tool that allows the comparison of the results of various methods
in a direct way. This work presents a novel framework that integrates multiple public algorithms
to characterize voids and represent them in a common, comparable format, regardless of their ge-
ometry. The framework provides a unified interface that determines whether a tracer belongs to a
void as defined by a selected algorithm, enabling more direct comparisons of results across differ-
ent methods. This approach aims to standardize void characterization, facilitating more robust and
consistent analyses in the field of cosmology and astrophysics.

56

Stability Criteria Assessment for Hybrid Isentropic Twin Stars
Formation
Author: Gustavo Contrera1

Co-authors: Ana Gabriela Grunfeld ; David Blaschke ; Juan Pablo Carlomagno 2

1 IFLP
2 IFLP-CONICET

We model hybrid neutron stars with color superconducting quark matter cores at finite tempera-
tures, focusing on sequences of constant entropy per baryon (s/nB). A nonlocal chiral quark model
provides the equation of state for the quark matter phase, while a relativistic density-dependent
mean field model with DD2 parametrization is used for nuclear matter. The phase transition is ex-
amined via a Maxwell construction under isothermal conditions.
Our findings show that at s/nB �2, heating effects occur during the mixed phase, whereas at higher
s/nB , the temperature decreases. This trend is associated with color-superconducting quark mat-
ter at low temperatures and the breakdown of the diquark condensate at higher temperatures. The
low s/nB branch of isentropic hybrid stars connects with the neutron star branch but separates at
higher entropy, resulting in the “thermal twin” effect. Additionally, the transition from connected
to disconnected hybrid star sequences can be identified using the Seidov criterion for energy density
differences.
These results may enhance our understanding of the conditions required for supernova explosions
in massive blue supergiant stars involving quark deconfinement, as well as the behavior of binary
systems and isolated millisecond pulsars concerning accretion-induced deconfinement transitions
and the formation of thermal twins.

57

The Spectral Energy Distribution of the Supersoft X-ray Source
QR Andromedae: Preliminary Analysis of the X-ray Emission

Author: Larissa Mazzero1

Co-authors: Alexandre de Oliveira 2; Flavio D’Amico 1; Francisco Jablonski 1; Gael Romain 3; Marcos Diaz 3;
Natalia Palivanas 2; Paulo Eduardo Stecchini 1

1 Instituto Nacional de Pesquisas Espaciais
2 Universidade do Vale da Paraíba
3 Universidade de São Paulo
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Supersoft X-ray Sources (SSS) are associated with binary systems in which a white dwarf accretes
matter from its companion at high rates (1 –4 × 10−7 M⊙ yr−1), enabling steady nuclear burning on
its surface. Since the accreted material is not ejected in thermonuclear flashes, as observed in novae
events, it is believed that the white dwarfs in SSS can reach masses up to the Chandrasekhar limit (∼
1.4 M⊙), making them potential progenitors of type Ia supernova explosions. QR Andromedae (QR
And) is a bright (V ∼ 12.2 mag) Galactic SSS, located at a distance of approximately 2 kpc. QR And
has an orbital period of 15.85 hr (∼ 0.66 days), and the literature suggests a primary mass of ∼ 1.2
M⊙ and a low-mass (∼ 0.5 M⊙) secondary. The source exhibits an extremely soft X-ray spectrum,
with most of its emission below 1 keV, although there are few studies in the literature about its X-ray
spectral behavior. To improve our understanding of the system’s emitting components —the white
dwarf (or the region nearby it), the accretion disk, and the companion star —this work presents an
analysis of previously unpublished XMM-Newton observations, complemented by archival ROSAT
data. Based on these X-ray data, fiducial to the white dwarf, we present preliminary results from an
ongoing study of the spectral energy distribution of QR And. The X-ray spectra are well described
by a phenomenological blackbody with temperature Tbb ∼ 20 eV and luminosity LX ∼ 1035 erg
s−1. Building on these results, we will incorporate a reprocessed disk component and a donor-star
template to extend the fit toward longer wavelengths. Preliminary UV and optical points are already
included, and additional multiwavelength data will follow in the next phase of the project.

58

Accurate analytical formulas for light propagation in general static
spherically symmetric spacetimes
Authors: Emanuel Gallo1; Jonathan Claros2

1 IFEG-CONICET / FaMAF-UNC
2 IFEG - CONICET, FaMAF - UNC

We extend the approximate analytical formulas developed in our previous work [1] for ray trac-
ing in regions near compact objects. Our approach covers a broad range of spherically symmetric
static spacetimes from a variety of gravitational theories. These analytical expressions allow effi-
cient and accurate calculations of: black hole accretion disk imaging, polarized light analysis, and
pulsar luminosity curves, among other astrophysical applications. In particular, we present isoradial
curves for the Johansen-Psaltis and Rezzolla-Zhidenko metric families, thin accretion disk imaging,
and QU polarization diagrams for hotspots orbiting near the ISCO (innermost stable circular orbit)
radius.

References:
[1] J. Claros and E. Gallo, Phys. Rev. D 109, 124055 (2024),
2403.18543.

59

How toBuild aTelescope: BlackHoles, Community Partnerships,
and Environmental Ethics
Author: Ann Thresher1

1 Northeastern University

Telescope siting has, historically, relied entirely upon ensuring sites meet the technical specifications
required for observation including weather, atmospheric clarity, accessibility, and cost of develop-
ing the site. Astrophysicists have, however, obligations beyond merely the technical. As the field is
becoming increasingly aware, telescopes exist within a broader social context, and the choice of site
needs to be responsive to ethical, cultural and environmental specifications just as much as technical
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ones. We need look no further than the ongoing conflict surrounding the Thirty-Meter Telescope on
Mauna Kea or the Square Kilometre Array in South Africa to see the importance of this lesson. In
recognition of these challenges, the Next Generation Event Horizon Telescope (ngEHT) has founded
an interdisciplinary Responsible Siting working group that is integrated into the site selection pro-
cess. This talk will present a formal overview of the ethical challenges of telescope siting, as well
as discuss the work being done by the responsible siting group for a proposed site in Wyoming
where the ngEHT has been working with local tribes, governmental organisations, and the univer-
sity of Wyoming to build mutually productive partnerships. This talk also looks and lessons we can
learn from parallel fields including genetic modification, palaeontology, and conservation in order
to advance a set of ethical best-practices for astronomy, and consider the fundamental philosophical
challenges of building large-scale scientific experiments, particularly in areas of the world with a
history of colonial, environmental, and scientific exploitation.

60

BinaryCoalescences as Sources ofUltrahigh-EnergyCosmicRays

Author: Jonas P. Pereira1

Co-authors: Carlos H. Coimbra-Araújo 2; Rita C. dos Anjos 2; Jaziel G. Coelho 3

1 University of Brasilia
2 UFPR
3 UFES

Binary coalescences are well-known sources of gravitational waves (GWs) and include combinations
of black holes (BHs) and neutron stars (NSs). I will show that when BHs are immersed in magnetic
fields (Bs) stronger than approximately 1010 G, charged particles colliding near their event horizons
can easily reach very high energies (
gtrsim1018 eV) and become more likely to escape. Such a configuration involving B fields and high-
energy particles may occur in BH–NS binaries, or even in BH–BH binaries where one of the BHs
is charged (with charge-to-mass ratios as small as 10−5, which do not affect the GW waveforms)
and has a residual accretion disk. The number of collisions resulting in ultrahigh-energy particles
is estimated to range from a few up to millions before the merger of compact binary systems. Thus,
binary coalescences may also be efficient sources of ultrahigh-energy cosmic rays (UHECRs), and
constraints on binary parameters would be possible if UHECRs are detected in coincidence with
GWs. Furthermore, in this case, we would for the first time have certainty about a source of ultrahigh-
energy cosmic rays.

61

A Complete p-Laplacian Framework for MONDian Gravity

Author: Sergio MendozaNone

In this contribution, I will demonstrate how certain symmetries of the well-known p-Laplacian oper-
ator allow for its generalization into a more robust complete p-Laplacian operator. I will derive this
operator from an action principle, ensuring the conservation of energy and momentum—a crucial
requirement for any physically viable theory. Moreover, I will show that Modified Newtonian Dy-
namics (MOND) phenomenology admits a significantly simpler and more elegant description within
this complete p-Laplacian framework. This reformulation not only deepens the mathematical foun-
dation of MOND but also offers new insights into its gravitational behavior. Finally, I will discuss
key astrophysical implications of this approach, including potential observable signatures and con-
nections to galactic dynamics. This work opens a new perspective on alternative gravity theories,
bridging rigorous mathematical structure with phenomenological applicability.

Page 24



MAGIC 2025 - 2nd Workshop on Matter, Astrophysics, Gravitation, Io ⋯ / Book of Abstracts

62

Whypressure fails as thematter Lagrangian of an ideal fluid
Authors: Sarahí Silva García1; Sergio MendozaNone

1 Universidad Nacional Autónoma de México

In this work, we demonstrate that identifying the matter Lagrangian with the pressure leads to
physical inconsistencies, which are resolved when the fluid is coupled to the gravitational field. In
such a scenario, the matter Lagrangian necessarily assumes the value of the total energy density. We
thus conclude that, for an ideal fluid, the only physically consistent choice for the matter Lagrangian
is its total energy density.

63

Shadow Images of Schwarzschild Black Holes
Authors: Aline Iana de FariasNone; Jose Egildo Pereira da SilvaNone; Messias de Brito Cruz1

1 Universidade Estadual da Paraíba - UEPB

Black holes are among the most extraordinary and intriguing objects in the Universe. Within the
framework of General Relativity, one of the most well-established modern physical theories, the
study of these objects can be carried out using the simplest solution, known as the Schwarzschild
metric. This solution describes a static and spherically symmetric black hole, enabling the analysis
of the gravitational influence of extremely massive bodies on the surrounding spacetime. We in-
vestigate the trajectories of photons emitted from an accretion disk toward an asymptotic observer.
Subsequently, graphs are presented that illustrate the orbits of the photons, allowing the study of
the paths they travel from the accretion disk to the observer. Additionally, we explore the shadows
of a Schwarzschild black hole.

64

When Stars Collapse in Silence: Magnetar-Black Hole Variability
Under the Veil of Dark Matter
Author: Anmol Gandhi1

1 Independent Researcher

Magnetars, a rare class of neutron stars, are known for their ultra-strong magnetic fields and high-
energy emission variability. Their origin, evolution, and interactions especially with black holes
present unique challenges to astrophysical models. This study investigates the dynamic behavior of
magnetar–black hole systems, focusing on how hidden dark matter, either distributed in their local
environment or potentially influencing the black hole’s properties during formation, could affect
their observable characteristics. Two possibilities are considered: that black holes may be embedded
in dense dark matter environments, or that they themselves may be composed of or formed from
dark matter.

Using Universe Sandbox and MATLAB, combined with real observational datasets from known pul-
sars and compact object surveys, the research models how dark matter might amplify magnetic field
decay, alter accretion patterns, and modulate high-energy emissions. Particular attention is given
to variability patterns that could mimic or interfere with traditional variable stars used in distance
measurement.
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These anomalous signatures, if unaccounted for, may lead to biases in interpreting time-domain data
from surveys such as Gaia, LSST, and TESS. This work underscores the need to include exotic com-
pact object behavior especially those influenced by dark components of the universe when refining
stellar population models and cosmic distance indicators.
By bridging compact object astrophysics with large-scale survey interpretation, this study opens a
potential new avenue for identifying dark matter’s indirect effects on stellar systems and deepening
our understanding of high-energy cosmic evolution.
Keywords: Dark matter interactions, Black hole–magnetar merger, Simulation-based modelling,
Compact object astrophysics.

65

New axion bounds derived from the 100-parsec GAIA DR3White
Dwarf Luminosity Function
Author: Martín Alberino1

Co-author: Marcelo Miller Bertolami 2

1 FCAGLP-IALP
2 IALP

The axion, a proposed but not yet detected type of weakly interacting particle, remain one of the
major candidates to constitute the elusive dark matter.
The shape of the white dwarf luminosity function (WDLF) is a powerful tool for constraining theo-
retical particles that would imply an additional cooling mechanism in white dwarfs (WDs).
We have used the observed WDLF derived from the 100-parsec GAIA DR3 sample and compared it
with a theoretical counterpart, employing the McQub Monte Carlo method (Torres 2019) and WD
models in which DFSZ-axion emission is computed self-consistently with the thermal structure of
the WD. We verified that for the brightest WDs in the sample, with MBol < 10 dex, the χ2-tests are
largely independent of the stellar formation rate (SFR), which represents the main source of uncer-
tainty in theoretical WDLF calculations. We find that axion masses greater than ma cos2 β > 6.5
meV are disfavored, and that the χ2-tests yield increasingly worse null hypothesis probabilities as
the axion mass increases from 0 meV onward. This is an interesting result in light of previous
works, such as Miller Bertolami (2014) and the references therein, where axion masses in the range
2.5 meV < ma cos2 β < 7.5 meV yielded slightly better fits to the WDLF.
We believe that this discrepancy stems from the simplifications in previous models and the lower
quality of the observational data, which have been significantly reduced in this study thanks to the
reliability of the 100-pc GAIA DR3 sample.

66

STUDY OF THE DECAY OF f2(1270)
Author: Kamila Mendes1

Co-authors: Daniel Tavares da Silva 1; Mário Luiz Lopes da Silva 1

1 UFPel

The light meson sector has been the subject of great interest in particle physics, especially in relation
to the structure of some of these mesons, which is not completely established. The f2(1270) meson
with quantum numbers IG(JPC) = 0+(2++), mass m=1275.5±0.8 MeV, is considered, in the quark
model, to be a simple quark-antiquark pair. However, in the literature we find several possible models
for its internal structure, one of them is that the f2(1270) mixes with a tensor glueball of lowest
mass, both having the same JPC = 2++. In this work we consider the possibility that f2(1270) has
a glueball component in its structure, being a mixture of states |̄�, |̄� and |� in order to investigate the
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internal structure of the f2(1270) meson from the study of its radiative decay in γρ (considered as
being an ū± )̄ and γϕ (considered as being an ss̄) in the context of a Non-Relativistic Quark Model,
from where we obtain the decay rates and compare them with the experimental data.

67

Hybrid Mesons in Strong Decays
Author: Atael Matos Machado1

Co-authors: Daniel Tavares da Silva 2; Mário Luiz Lopes da Silva 2

1 SEDUC - AM
2 UFPel

In recent years, numerous new particles have been discovered in experiments around the world,
many of which are not yet fully characterized. One way to study the structure of hadrons is through
their decay rates. The main objective of this work is to provide evidence that can help in the search
for exotic states, called hybrid mesons. On this way, from the constituent gluon model, we calculate
the decay rates of these exotics into two mesons. In particular for the resonances π1(1400) and
π1(1600), which are compared to experimental results looking for evidence of the existence of hybrid
mesons.

68

Surface Tension of Dense HadronicMatter in a Relativistic Mean-
Field Approach.
Authors: German Lugones1; Arthur Frazon2

1 UFABC
2 UFABC - ABC Federal University

We investigate the surface tension of cold, dense hadronic matter, composed of baryons and lep-
tons in a state of electric charge neutrality and chemical equilibrium under weak interactions, em-
ploying a relativistic mean-field model with the inclusion of interactions mediated by σ, ω, and ρ
mesons.

To account for finite-size effects, we adopt the multiple-reflection expansion (MRE) framework and
present our results for various model parameter sets. In particular, we analyze the role of vector
interactions and the appearance of hyperons. We also explore the astrophysical consequences of
our results.

69

The X(1750) decay widths in the C3P0 model
Author: Rafael Cavagnoli1

Co-authors: Atael Matos Machado 2; Daniel Tavares da Silva 1

1 UFPel
2 SEDUC - AM

Page 27



MAGIC 2025 - 2nd Workshop on Matter, Astrophysics, Gravitation, Io ⋯ / Book of Abstracts

The Fock-Tani representation, is a field theoretic formalism to treat problems involving both com-
posite particles and their constituents. The application of the Fock-Tani transformation to a pair
creation Hamiltonian produces the characteristic expansion in powers of the wave function. In low-
est order of this expansion, we obtain the model known in the literature: the 3P0 Model. In higher
orders, the Corrected 3P0 Model (C3P0 Model) is obtained by introducing the bound state kernel.
In this work, we use the C3P0 Model to calculate the X(1750) decay rates, where we consider that
the X(1750) is a mixture given by c1 [uū + dd̄] + c2 ss̄.

70

First observations of X-ray binary IC 10 X-1 in Very high-energy
gamma-rays
Author: Vera Georgievna SinitsynaNone

Co-author: Vera Yurievna Sinitsyna

IC 10 X-1 is an X-ray Binary containing a luminous Wolf-Rayet star as an optical counterpart and
probably a black hole as a compact companion. IC 10 X-1 is located in the nearby irregular galaxy
IC 10 undergoing the active star formation. This binary is actively studied in optical and X-ray
bands. IC 10 X-1 is a bright and variable source of X-rays, surrounded by a shell that is viewed both
in X-rays and in a non-thermal radio emission. This shell might be associated with a supernova
that produced the compact object in IC 10 X-1. Modulation of X-ray emission detected in Swift
and Chandra observations is associated with orbital motion within the binary system. Results of
X-ray observation suggested an active accretion from the massive Wolf-Rayet star to the black hole
companion. This type of object is considered as a possible source of high-energy emission generated
due to the interaction between the black hole and accretion disk form the optical counterpart. Also,
as Galactic cosmic rays originate in supernovae and the winds of massive stars, starburst galaxies
should produce very-high-energy gamma-ray emission via the interaction of their produced cosmic
rays with the large amount of dense gas within this type of galaxy. Observations of IC 10 X- system
and the IC 10 starburst galaxy with SHALON telescope are started. First results limiting the fluxes
of observed objects are obtained. Detected TeV gamma-ray flux may point at the active accretion in
the massive X-ray binary IC 10 X-1 as well as at the generation of emission through the processes
in the starburst galaxy leading to the supernova explosions.

71

Gamma-ray emission from the old nova GK Per
Authors: Vera Georgievna SinitsynaNone; Vera Yurievna SinitsynaNone

Co-authors: Kirill Balygin 1; Nikolai Moseiko 2; Sergey Borisov 1

1 P.N. Lebedev Physical Institute RAS
2 NRC ”Kurchatov Institute”

Nova Persei 1901 (GK Per) is one of the closest cataclysmic variables, also having a shell viewed
over the entire electromagnetic spectrum. First, it erupted as a classical nova in 1901 and has been
associated with the light echo. The central binary consists of a magnetic white dwarf and a K-2 type
subgiant. Hard X-ray pulsed emission detected by EXOSAT is evidence of the active interaction
within the system of the binary and accretion disc that may provide conditions for the generation of
high-energy emission. The optical data demonstrates the interaction between the nova ejecta and the
ambient gas. In the radio range, a remnant of this nova is detected in non-thermal, polarized radio
emission with a morphology resembling the optical shells. Results of these observations show the
existence of shocked interstellar material. In X-rays, Chandra discovered the synchrotron emission
from the nonthermal electrons in the reverse shock zone. It assumes that GK Per Nova shell is a site
where energetic electrons are produced by diffusive shock acceleration. It makes GK Per a candidate
for a source of very high-energy gamma-ray emission due to the accelerated particles in the reverse
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shock region. In the long-term observations of the Perseus region with SHALON, the TeV gamma-
ray emission of classical nova GK Per was detected. Two TeV gamma-ray emission regions were
revealed: the main one coinciding with the position of the central cataclysmic variable star in GK
Per and the weak emission of the shell, which is also observed in X-ray by Chandra. The collected
experimental data provides an opportunity to study a wide range of phenomena arising during the
interaction of the components of the binary system of the cataclysmic variable, as well as the shell
left from the nova ejecta.

72

Investigations of the active galactic nucleus 4C +55.17 at high and
very-high energies

Authors: Vera Georgievna SinitsynaNone; Vera Yurievna SinitsynaNone

4C +55.17 is a radio-loud active galaxy classified as a flat-spectrum radio quasar. It is a distant object
located at the red shift of z=0.896. Spectrum of 4C +55.17 has been measured through radio and X-
ray band to the high-energy gamma-rays. At the energies of MeV-GeV range, 4C +55.17 is detected
with Fermi LAT as the bright and steady source of gamma-rays with a hard spectrum. This object
has been proposed to be a GeV–TeV gamma-ray source and the best candidate to study of extragalac-
tic background light (EBL). The very high-energy gamma-rays from 4C +55.17 were detected with
SHALON. As a result, the spectral energy distribution of 4C +55.17 is obtained in the wide energy
range. The combination of Fermi LAT and very high energy data puts an upper limit on the level of
EBL. A number of morphological, flux variability, and spectral properties detected through the wide
energy range question the classification of active galaxy 4C +55.17. Standard blazar and young radio
source emission scenarios are considered to describe the spectral energy distributions of 4C +55.17
and to clarify the origin of high and very high energy gamma-ray emission from this object. Thus,
the GeV –TeV energy data constrain the level of EBL, whereas further multiwavelength observations
of 4C +55.17 can help to clarify the classification of this object.

73

Particle acceleration in Tycho’s SNR

Authors: Vera Georgievna SinitsynaNone; Vera Yurievna SinitsynaNone

Co-author: Sergey Borisov 1

1 P.N. Lebedev Physical Institute RAS

Supernova Remnants (SNRs) have long been considered as unique candidates for cosmic-ray sources.
Observations of several SNRs in the TeV gamma-rays will help in solving the problem of the origin of
cosmic rays and are key to understanding the mechanism of particle acceleration at a propagating
shock wave. Tycho’s supernova remnant is of a rare Galactic SNR subclass known as historical
supernovae that was observed by Tycho Brahe in 1572. Tycho’s SNR has been widely studied across
the electromagnetic spectrum. Non-thermal emission from the Tycho SNR has been detected in
radio and X-rays. These studies show a shell-like morphology of Tycho’s SNR, whose configuration
makes the cosmic ray acceleration at the supernova shock very efficient. Thus, Tycho’s SNR became a
candidate for the investigation of particle acceleration in SNR shocks at high- and very high energies.
At TeV energies, the SHALON telescopes discovered the emission having a hard spectrum, enhanced
from 800 GeV up to 80 TeV with the contribution to the very-high-energy γ-ray fluxes given by the
regions correlated with the supernova shells. A nonlinear kinetic model of cosmic-ray acceleration
in SNRs was applied to Tycho’s SNR to compare the gamma-ray emission spectra at TeV energies
obtained in observations with the model results. The collected experimental data confirmed the
prediction of the theory about the hadronic generation mechanism of very high energy 800 GeV -
100 TeV gamma-rays in Tycho’s SNR.
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74

Black holes in a bouncing universe
Author: Iara Pintos1

Co-authors: Daniela Perez 1; Florencia Vieyro 2

1 Instituto Argentino de Radioastronomía
2 UNLP

Abstract:

Bouncing universes are alternative models to the standard cosmological model (ΛCDM) that solve
the problem of the initial cosmological singularity present in the ΛCDM model by construction. The
bounce is preceded by a contraction phase starting from a practically flat and dilute universe. After
the bounce, the universe evolves into the current expansion stage as described by the ΛCDM model.
During the contraction, most of the structure of the universe disappears. However, since black holes
are regions of spacetime with a specific curvature, they could survive the bounce.

The aim of this work is to analyze the evolution of a black hole gas in the phases of contraction,
bounce and expansion. In turn, we determine how the cosmological background fluid is affected
by the presence of the black holes. To this end, we have developed a cosmological model of a two-
fluid interaction. We determine the evolution of the population of black holes and the cosmological
background fluid by solving an integro-differential system of equations, which are derived from the
conservation of the energy-momentum tensor and the cosmological equations of General Relativity.
We find that the presence of the black hole population substantially affects the behaviour of the
cosmological fluid near the bounce.

75

GeneralRelativistic Simulation ofQuasi-SphericalAccretion Flows
in Dark Matter Halo
Author: Razieh Ranjbar1

Co-author: Hector Olivares 2

1 IPM - Institute for Research in Fundamental Sciences
2 Universidade de Aveiro

We have investigated the influence of dark matter halos on quasi-spherical accretion onto super-
massive black holes (SMBHs) using general relativistic hydrodynamic (GRHD) simulations. By in-
corporating Hernquist and NFW halo profiles into the BHAC code, we model accretion flows with
zero and low angular momentum across a range of halo-to-BH mass ratios up to 10. Our results
show that the presence of a DM halo can enhance the mass accretion rate and significantly alter
the flow morphology, including density, velocity, and temperature structure. We also explore how
rotation interacts with DM gravity to regulate inflow and outflow dynamics. These findings provide
insights into SMBH feeding in DM-rich environments, especially relevant for high-redshift quasars,
and emphasize the need to account for halo gravity in modeling black hole growth.

76

Revisiting astrophysical bounds on continuous spontaneous lo-
calization models
Author: Martin Miguel Ocampo1
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Co-authors: Gabriel León 2; Marcelo Miller Bertolami 3

1 Instituto de Astrofísica de La Plata, CONICET-UNLP
2 Facultad de Ciencias Astronómicas y Geofísicas, UNLP
3 IALP

Among the open problems in fundamental physics, few are as conceptually significant as the “mea-
surement problem”in Quantum Mechanics. One of the proposed solutions to this problem is the
Continuous Spontaneous Localization (CSL) model, which introduces a non-linear and stochastic
modification of the Schrödinger equation. This model incorporates two parameters that can be sub-
jected to experimental constraints. One of the most notable consequences of this theory is the spon-
taneous heating of massive objects; this anomalous heating is dependent on the CSL parameters. In
this work, we will revisit some astrophysical bounds previously found, and introduce new methods
for testing the spontaneous heating in a variety of compact objects. Finally, we will compare our
different bounds and discuss the benefits and shortcomings of each one.

77

Drag Force in Coronal Mass Ejections: Propagation and Morpho-
logical Evolution During the Solar Minimum

Author: John Correa1

1 Instituto Nacional de Astrofísica, Óptica y Electrónica

‘Coronal Mass Ejections (CMEs) constitute magnetised plasma volumes expelled from the inner corona
that propagate through the heliosphere under quasi‑ballistic kinematics initially, before entering
a drag‑dominated regime imposed by the ambient solar‑wind (SW) flow. To parameterise this
magnetohydrodynamic drag, we compute the retarding force exerted by the bimodal SW typical
of solar‑minimum conditions and solve the associated equation of motion for three velocity–mass
archetypes—slow (v0 < 400 km s−1; m ∼ 1011 kg), intermediate (400 ≤ v0 ≤ 1000; km s−1; m ∼
1012 kg) and fast (v0 > 1000 km s−1; m ∼ 1013 kg) events. The model treats the CME as either
a self‑similar sphere or an expanding prolate ellipsoid, allowing the instantaneous drag coefficient
CD to be expressed explicitly as a function of the evolving cross‑sectional area and aspect ratio.
Numerical integration reveals that, irrespective of launch speed, the CME velocity asymptotically
relaxes toward the local SW speed on heliocentric scales
gtrsim0.3 au, with convergence timescales inversely proportional to the size‑to‑mass ratio. The
spherical‑to‑ellipsoidal transition amplifies the effective CD by up to an order of magnitude, high-
lighting the critical role of morphological evolution. Finally, we analyse each kinematic class for sus-
ceptibility to Kelvin–Helmholtz and Rayleigh–Taylor modes during CME–SW coupling, identifying
fast‑massive ellipsoidal CMEs as the most instability‑prone scenario under typical solar‑minimum
parameters.

78

Classification of g-modes inhybrid neutron starswith sharp phase
transitions: novel universal relations for twin stars

Author: Camila Rodriguez1

Co-authors: Ignacio Francisco Ranea Sandoval 1; Jose Carlos Jimenez Apaza

1 FCAG-UNLP / CONICET
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We present a systematic analysis of gravity modes (g-modes) in hybrid neutron stars undergoing
a sharp first-order phase transition from hadronic to quark matter, modeled using a Maxwell con-
struction. The equation of state is built from the BPS model for the outer crust, smoothly matched
to the SLy model in the inner crust and outer core, and finally to a constant-speed-of-sound (CSS)
parametrization for the quark matter phase. This approach allows us to explore a wide range of hy-
brid equations of state that support the existence of twin stars. We compute the g-mode frequencies
within the relativistic Cowling approximation, specifically considering the slow phase conversion
regime associated with the first-order phase transition. Our results demonstrate that g-modes are
highly sensitive to the properties of the phase transition, particularly the jump in energy density
at the interface. Adopting a classification scheme introduced in previous works, we organize the
equations of state into four categories based on their macroscopic features and transition parame-
ters. Each category exhibits characteristic trends in mass–radius relations, tidal deformabilities, and
g-mode frequencies. Most notably, we identify and validate new universal relations that link the
g-mode frequency to combinations of stellar observables and transition parameters, such as com-
pactness, tidal deformability, and the relative energy density discontinuity. These universal trends
hold across all categories, suggesting a powerful tool for constraining the microphysics of dense
matter using future gravitational wave observations of oscillating compact stars.

79

A Scenario for MBH Seed Formation Driven by Runaway Stellar
Collisions in Galactic Nuclei
Author: Andres EscalaNone

We discuss a proposed formation scenario for massive black holes (MBHs) seeds driven by a global
instability of stellar clusters in galactic nuclei (NSCs), which is triggered by runaway stellar colli-
sions (Escala 2021). We first show that observed NSCs avoid the regime where stellar collisions are
dynamically relevant over the whole system, while resolved detections of MBHs are well into such
collision-dominated regimes. We also test the proposed scenario for direct MBH by runaway stellar
collisions in NSCs, using n-body numerical simulations that follows such stellar collisions in simu-
lated clusters (with N-body6++; Vergara et al 2023, 2025), showing that dense enough NSCs can be
indeed globally unstable against stellar collisions, resulting in MBH formation efficiencies as high
as 50% of the final simulated cluster. We extend this result studying the efficiency of black hole for-
mation via collisions in stellar systems in general, including GCs and UCDs, finding that the black
hole formation efficiency is shown to be strongly influenced by the condition of global instability in
those systems (Vergara et al 2024). This collision-driven seed scenario, depends on a collapsing Very
Massive (quasi-)Star as in other direct MBH formation scenarios, thus a gravitational-wave signal is
expected from galactic centers at the moment of final collapse and MBH formation.

80

Shear and bulk viscous coefficients of a rotating QGP medium

Author: Shubhalaxmi Rath1

1 Universidad de Tarapacá

We have explored the effect of angular velocity on the shear and bulk viscous coefficients of a rotat-
ing QGP medium. In the noncentral heavy ion collisions, the produced medium possesses a finite
angular momentum with a finite range of angular velocity. The rotation of the QGP medium can
notably alter its various properties, including viscous properties. Using a novel relaxation time
approximation in the relativistic Boltzmann transport equation at finite angular velocity, we have
calculated the shear and bulk viscous coefficients. Additionally, we have compared these viscous co-
efficients with their counterparts in the standard relaxation time approximation within the kinetic
theory approach. We have found that the introduction of rotation increases both shear and bulk vis-
cosities, suggesting an enhanced momentum transfer within the medium and greater fluctuations
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in local pressure. This rotational effect on the shear and bulk viscosities is more conspicuous at low
temperatures than at high temperatures. It is also observed that the use of the novel relaxation time
approximation decreases the shear viscosity and increases the bulk viscosity as compared to the stan-
dard relaxation time approximation for the entire temperature range. Further, the rotation leaves a
significant impact on some observables associated with the flow characteristic, fluid behavior and
conformal symmetry of the medium.

81

Magnetic Fields andElectromagneticOutflows inRotatingWorm-
hole Spacetime
Authors: Daniela Perez1; Milos Ertola Urtubey1

1 Instituto Argentino de Radioastronomía

The Blandford–Znajek mechanism has been proposed to explain the outflows of particles and fields
from rotating black holes. The key ingredients of this mechanism are the presence of an ergosphere
and a magnetic field. Although rotating wormholes are hypothetical objects, they can also produce
an outward electromagnetic flux via the Blandford–Znajek process.

In this work, we investigate the Blandford–Znajek mechanism in a Kerr-like wormhole spacetime.
For the first time, we derive analytical expressions for the magnetic field in the wormhole geometry
by solving the stream equation. We compute the corresponding Poynting flux and confirm previous
findings: the less a wormhole resembles a black hole, the weaker its Poynting flux.

82

LIneA: Mini-courses
Author: Marcela Vitti1

1 UNESP

Big data is no longer the future; it is the present. Scientists, particularly in fields like astronomy and
astrophysics, are facing a massive volume of data that is indispensable for their research. In this
context, the Laboratório Interinstitucional de e-Astronomia (LIneA) - Brazil - proposed a series of
mini-courses in 2024 aimed at a broad audience, including both specialists and the general public.
The goals of this initiative were:
To offer a comprehensive overview of the fundamental concepts and pivotal tools that define the
field of data science.
To develop talent capable of addressing the challenges and opportunities presented by large-scale
data.
To introduce LIneA’s scientific platforms, such as the Jupyter Hub, to a wider public.
The courses are available online on LIneA’s official YouTube channel, “LIneA Divulgação” (@linea_org).
All supporting materials can be accessed at: https://classroom.google.com/c/NDkzMTA0MzEyODA1?cjc=kl5jjnd

83

Anomalous pion to photon decay under strongmagnetic fields in
the NJL model
Author: Máximo Coppola1
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Co-authors: Daniel Gomez Dumm 2; Norberto Scoccola 3

1 CNEA
2 IFLP - CONICET
3 CNEA - CONICET

Strong magnetic fields of order B ∼ 1020 G can be produced in heavy ion collisions and are also
theoretically estimated to be formed in the core of magnetars.
We study the anomalous π0 → γγ decay under an external uniform magnetic field in the framework
of a two-flavor Nambu-Jona-Lasinio model. It is seen that the full decay width gets strongly reduced
with the external field, and that the differential width is almost independent of the direction of the
outgoing photons. We also find that the result for the total width can be very well approximated by
a simple expression obtained at the lowest order in the chiral limit, which is just a direct extension to
finite magnetic field of the well known B = 0 result that follows from the anomalous Wess-Zumino-
Witten action. As a result, the magnetic suppression of the width can be understood in terms of the
evolution of both the neutral pion mass and decay constant with the magnetic field.

84

Hydrodynamic Shock Waves and Junction Conditions in Gravity
Theories.
Author: Mario De Jesus1

1 Instituto de Astronomía, UNAM

In this talk, we will explore the intrinsic relationship between hydrodynamic shock waves and junc-
tion conditions in gravity theories such as general relativity, f(R) theories, and scalar-tensor theories.
Hydrodynamic shock waves are abrupt discontinuities in the physical properties of a relativistic fluid
propagating through curved space-time. These discontinuities require careful treatment to ensure
the physical and mathematical consistency of the model. Junction conditions provide the necessary
framework to describe how different regions of space-time are connected in the presence of such
discontinuities. We will discuss how the relativistic jump conditions relate to the junction conditions
and how this relationship is essential for understanding astrophysical and cosmological phenomena
in the context of extended gravity theories.

85

A Renormalization-Group Consistent approach to Color Super-
conductivity in the NJL model
Author: Michael Buballa1

Co-authors: Hosein Gholami 1; Marco Hofmann 1

1 TU Darmstadt

The Nambu–Jona-Lasinio (NJL) model and particularly its extension to color superconductivity is
a powerful framework for explorative studies of dense, but not asymptotically dense quark mat-
ter. However, its reliability is limited by regularization artifacts that emerge near the cutoff energy
scale. Unfortunately, this already affects the phenomenologically most interesting density regime,
relevant for compact-star cores and mergers. In this talk, I show how these artifacts can effectively
be removed by employing an approach that is based on the principle of renormalization-group (RG)
consistency. Our study reveals qualitative modifications of previous NJL-model results for the phase
diagram of color superconducting matter. Notably, this also resolves an old puzzle about the melting
pattern of the Color-Flavor Locked phase, which is now in agreement with earlier Ginzburg-Landau
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predictions. Furthermore, the approach allows to extend the model studies into density regions
where a comparison with perturbative QCD is possible. Results for the pairing gaps, the equation
of state and the speed of sound will be discussed.

86

An overview of theMUSES cyberinfrastructure andwhat it can do
for you
Author: Veronica Dexheimer1

1 Kent Stae University

At high energy, the fundamental description of matter (Quantum Chromodynamics or QCD) is cur-
rently only directly applicable to specific regimes, leaving large portions of the QCD phase diagram
uncharted, especially around the regime relevant for neutron stars. To bridge different regimes, the
MUSES collaboration has built a cyberinfrastructure that provides descriptions of matter based on
first-principle theories and models across the multidimensional QCD phase diagram, including ther-
modynamics but also observables pertinent to heavy-ion collisions, astrophysics, and more. Our
online platform allows users to choose different descriptions (with different parametrizations), how
these are connected, and what observables they reproduce. The platform is open for everyone, and
all our code is open source.

87

Astrosismology revisited under the slow stable hybrid stars hy-
pothesis
Author: Ignacio Francisco Ranea Sandoval1

1 FCAG-UNLP and CONICET

In this work, we present recent results related to non-radial modes of compact objects putting par-
ticular attention to those related to slow stable hybrid stars (SSHS) that are possible when sharp
first order hadron-quark occurs within the slow hadron-quark conversion regime. Moreover, we
will review the impact of such objects in the validity of universal relationships known for some fluid
and spacetime modes available in the literature. Finally, we show a new universal relationships for
the wI-modes that include SSHS, and present potential astronomical applications of such relation-
ships, showing that, if the frequency and damping time of the fundamental wI-mode are measured,
the mass, radius, and dimensionless tidal deformability of the pulsating object can be inferred. The
errors of such estimates are smaller than a few percent for the mass and radius. For the dimension-
less tidal deformability, the errors for compact objects with masses greater than 1.4 solar masses are
typically less than 100%.

88

Out-of-equilibrium perturbations in hybrid stars and their im-
pact on stable branch configurations
Authors: Martin Oscar Canullan Pascual1; German Lugones2; Milva Gabriela Orsaria3; Ignacio Francisco Ranea
Sandoval4

1 CONICET
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2 UFABC
3 Facultad de Ciencias astronomicas y Geofisicas
4 FCAG-UNLP and CONICET

Our recent investigation has shown that out-of-equilibrium oscillations can extend the stable branch
of hadronic stars. Motivated by these results, we explore whether similar effects can arise in hybrid
stars (HSs), composed of hadronic and quark matter in their outer and inner cores, respectively. The
hadronic equation of state includes nucleons, hyperons, and Delta-resonances, and is analyzed under
both chemical equilibrium and frozen composition. For the quark core, we assume full chemical
equilibrium, given the fast timescales of the relevant reactions. By computing adiabatic indices and
radial mode frequencies, we assess whether sharp transition to quark matter under these conditions
can give rise to stable HSs beyond the peak mass not only in the slow hadron-quark conversion
regime but also when it is rapid. Our results aim to clarify the role of chemical (non-)equilibrium in
the formation of extended stable branches in HSs.

89

Unified hadron-quark EoS based on DDRMF with a sharp phase
transition
Author: Milva Gabriela Orsaria1

1 Facultad de Ciencias astronomicas y Geofisicas

In this talk, I’ll present EVA-01, a unified hadron-quark equation of state developed by extending
a density-dependent RMF model with a Polyakov-inspired scalar field, following the philosophy of
the CMF model: hadrons and quarks are described within a single effective Lagrangian, and the
deconfinement transition is driven by the sacalar field. Although both EVA-01 and CMF implement
the Maxwell construction to model the hadron-quark transition, the former is explicitly designed to
enforce pure phase separation across the entire phase diagram, avoiding mixed or overlapping popu-
lations, what we refer to as cross-contamination. I’ll show how this feature impacts the composition
and structure of hybrid stars, the evolution of proto-neutron stars, and discuss its implications for
the phase diagram of the model.

90

A Minimal Test for Isotropy Using Jet Spin Parity
Author: Dan James1

1 independent researcher

We propose a minimal and geometrically grounded test of cosmological isotropy using a pseudoscalar
diagnostic based on extragalactic jet spin. The test is built on the scalar quantityσ = sign [(S × L) · O]
which is invariant under global rotation but changes sign under spatial reflection, making it a direct
probe of large-scale parity violation—an aspect of isotropy that scalar-field tests are fundamentally
insensitive to. Our method requires only the spin direction of each jet S, its sky position L, and a
reference axis O,

We suggest a reference axis can be selected from a wide range of possibilities depending on the
symmetry being probed—for example, the CMB dipole (as a proxy for the cosmological rest frame),
or the Galactic or supergalactic poles (to test for structure- or foreground-related systematics). The
test is robust to sample sparsity: a curated set of ∼30–50 jets per hemisphere, drawn from VLBI
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datasets such as MOJAVE (North) and TANAMI or AT20G (South), is sufficient to detect a hemi-
spheric asymmetry in σ. A statistically significant skew would constitute direct observational evi-
dence of isotropy breaking in the spin sector; conversely, a null result places meaningful, falsifiable
constraints on parity-violating extensions to ΛCDM.

This diagnostic represents a uniquely simple and physically grounded test of isotropy using real
astrophysical vector observables. It offers immediate application to existing datasets and motivates
broader searches for directional parity asymmetries on cosmological scales. The scalar test provides
a simple binary observational challenge to isotropy: either parity is preserved across hemispheres,
or it is not

91

Constraints onDarkMatterContent inUltra-CompactDwarfGalax-
ies: Insights from Fornax UCD3 and M59 UCD3
Author: Elaine Cristina Ferreira Silva Fortes1

1 Universidade federal do Pampa UNIPAMPA (BR)

We investigate the astrophysical signatures of dark matter (DM) annihilations in ultra-compact
dwarf galaxies (UCDs), focusing on the Virgo and Fornax galaxy clusters. We analyze Fornax UCD3,
the most luminous UCD, and M59 UCD3, the most massive, while incorporating the presence of a
3.5 million solar mass black hole in Fornax UCD3. Our findings suggest minimal DM content in
Fornax UCD3 based on comparisons of stellar and dynamical masses. Although M59 UCD3 has
been less studied, deep radio imaging and X-ray observations provide constraints on its DM con-
tent. We model the DM content of both UCDs and analyze constraints from γ-ray and radio sources
for dark matter particles. In the absence of strong γ-ray signals, we demonstrate that synchrotron
emissions from DM annihilations are highly sensitive for indirect DM searches, allowing for signif-
icant constraints on DM parameters at radio frequencies and highlighting the role of spike profiles
in understanding DM and black hole interactions in ultra-compact galaxies.

92

Non-Constant Speed of Sound approach to model quark cores in
Hybrid Stars
Author: Mauro Mariani1

Co-author: Ignacio F. Ranea-Sandoval 2

1 Facultad de Ciencias Astronómicas y Geofísicas, UNLP, Argentina
2 Facultad de Ciencias Astronómicas y Geofísicas, Universidad Nacional de La Plata, Argentina/Consejo Nacional de

Investigaciones Científicas y Técnicas, Argentina, La Plata, Argentina

The current astrophysical constraints for neutron stars (NSs) are very diverse and challenging. The
simultaneous consideration of gravitational waves produced during binary NS mergers, X-ray emis-
sion of isolated NSs, and binary pulsar observations generates a tense scenario difficult to satisfy
by modern NSs models. In particular, their internal composition and the equation of state (EoS) of
dense matter is one of the main unsolved issues regarding NSs. The hadron-quark hybrid stars (HSs)
scenario, with the assumption of an abrupt first-order hadron-quark phase transition with slow con-
version speed between phases, allows to obtain a branch of stable stars beyond the maximum mass
configuration, the so-called slow stable HSs (SSHSs). It has been shown that this proposal could be
a possible solution to the constraints puzzle. In this work, we construct a novel hybrid EoSs using a
generalized piecewise polytropic scheme for the hadronic sector and developing a parametrized non-
constant speed of sound (non-CSS) model for the quark phase. The implementation of the non-CSS
model allows exploration of a wide range of speed of sound values while satisfying the conformal
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limit for the speed of sound at extremely high densities given by perturbative-QCD. We explore the
possibility of simultaneously meeting all the current constraints using non-CSS SSHSs and compare
our results with other modern proposals.

93

Can Light Cross a Singularity? Exact Solutions from Analogue
Gravity
Author: Juan Manuel Paez1

Co-authors: Franco Fiorini 2; Santiago Hernandez 2

1 Instituto de Astronomía y Física del Espacio (IAFE, CONICET-UBA)
2 Grupo de Comunicaciones Ópticas, Departamento de Ingeniería en Telecomunicaciones, Consejo Nacional de Inves-

tigaciones Científicas y Técnicas (CONICET) and Instituto Balseiro (UNCUYO)

Using a simple spacetime that hosts a naked singularity, we employed an analogue gravity model
to study electromagnetic fields in this background. Remarkably, we found that there are exact so-
lutions to the full set of electrostatic and electrodynamic equations that remain regular, even in the
presence of the singularity. Moreover, some of these solutions exhibit a perfectly well-behaved,
bounded power flux as they propagate towards the singularity, suggesting the possibility of having
electromagnetic energy transference through it.

94

Neutrinos: Majorana mass limits and related issues
Author: Osvaldo Civitarese1

1 Department of Physics. University of La Plata

Neutrinos play a major rol in practically all physical and astrophysical processes. However its na-
ture , Dirac or Majorana, is still unknown.
In this talk we shall address this question with reference to the violation of the lepton number sym-
metry and its consequences upon the extensions of the Standard Model of Electroweak interactions.
We shall comment upon some the current efforts, in this subject, both in theory and experiments.

95

Cognition and the Contributions of Ancient Civilizations to the
Evolution of Knowledge
Author: Monica Baptista Pereira Estrazulas1

1 UFRGS

The common origin of causal relationships and logical relationships can be recognized in the mean-
ings and implications between actions, from their inception, in the most elementary human activity.
The result of the subject’s cognitive activity—when interacting with their surroundings—consists
in the construction of organizational forms for their own actions, structuring them into a system of
dynamic interrelationships, ultimately leading to the coordination of actions and thought processes.
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What can we expect from cognitive science to contribute to filling knowledge gaps that would lead
us to better understand the contributions of ancient civilizations to the evolution of knowledge in
the fields of archaeoastronomy and/or science in general? The construction of Chankillo, the oldest
solar observatory in the Americas, allows us to reflect on this.

96

Neutrino oscillation on the non-commutative spacetime
Author: Luisa Nadal Camargo1

Co-authors: CESAR AUGUSTO Zen Vasconcellos 2; DIMITER HADJIMICHEF 1; Thiago Oliveira Ferreira 3

1 UFRGS
2 UFRGS/ICRANet
3 unesp

Neutrinos are observed in nature with three flavor eigenstates, which are quantum superpositions
of mass eigenstates. This misalignment between flavor and mass eigenstates leads to a quantum
interference phenomenon during propagation: the neutrino oscillation, where a neutrino created
with one flavor can later be detected with another. This discovery revolutionized particle physics
by demonstrating that neutrinos must have nonzero mass, contrary to their original description as
massless particles in the Standard Model. In this work, we investigate how non-commutative space-
time, characterized by a minimal length scale via the Quesne–Tkachuk algebra, modifies neutrino
oscillations. By incorporating the algebra’s deformation parameter β into the neutrino effective
mass, we derive a 2- flavor neutrino oscillation probability in the non-commutative spacetime that
depends not only on the standard mass-squared differences but also on the fourth-order mass dif-
ference scaled by β. The comparison between both oscillation probabilities exhibits a beat pattern
due to the additional non-commutative phase, that is responsible for a small shift in neutrino oscil-
lation probability graphics. Finally, we examine the influence of primordial magnetic fields on relic
neutrinos through spin-flavor oscillations.

97

Finite-energy sum rules at finite baryon chemical potential
Author: Cristian Villavicencio1

Co-author: Alfredo Raya

1 Universidad del Bio-Bio

QCD sum rules constitute a crucial framework for investigating hadronic and QCD properties and
parameters both in vacuum and in-medium. Among the various types of sum rules available, fi-
nite energy sum rules (FESR) stand out as a valuable method for analyzing hadrons under extreme
conditions, including high temperature, density, and strong electromagnetic fields.

Although sum rules are well established in vacuum, their in-medium formulation still involves sub-
tleties that can be crucial for accurately describing in-medium parameters. Here, I will show how
the model changes when incorporating two important elements: the so-called “scattering term” and
the in-medium operator mixing arising from the “non-normal ordered quark condensate.”

Accounting for these effects ensures the correct signs of condensates, reflects the QCD “silver blaze”
property, and, at high chemical potential, captures the phenomenon of color superconductivity.
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98

Exploring Self-BoundQuarkMatter Stars in theQuark-MassDensity-
Dependent Model
Author: Ana Gabriela GrunfeldNone

Co-authors: Germán Lugones ; Giulliano Teruya

We revisit and extend the quark-mass density-dependent model (QMDDM) for dense quark mat-
ter, addressing longstanding thermodynamic inconsistencies by formulating it in the canonical en-
semble. We consider both flavor-blind and flavor-dependent mass formulas, exploring self-bound
two-flavor (ud), self-bound three-flavor (uds), and hybrid self-bound ud–uds quark matter.

Excluded volume effects are included via the Helmholtz free energy, accounting for finite quasiparti-
cle repulsive interactions, which stiffen the equation of state and improve agreement with astrophys-
ical constraints. Charge-neutral three-flavor matter in chemical equilibrium is analyzed.

By systematically exploring the parameter space, we characterize all resulting stellar configurations,
focusing on stability, causal behavior, and mass-radius relations. We find universal relations for self-
bound and hybrid stars compatible with predictions from a completely different model, the vector
MIT bag model, providing a unified, thermodynamically consistent framework for dense quark mat-
ter in astrophysical contexts.

99

AnisotropicThermodynamicResponse of Two-FlavorQuarkMat-
ter in a Nonlocal NJL Model
Author: Sebastián FerrarisNone

Co-authors: Ana Gabriela Grunfeld ; Gustavo Contrera ; Juan Pablo Carlomagno

We investigate the effects of a strong and uniform external magnetic field on cold, strongly inter-
acting quark matter within a nonlocal two-flavor Nambu–Jona-Lasinio (nlNJL) model. Nonlocal
interactions are essential to capture key qualitative features obtained with lattice QCD, including in-
verse magnetic catalysis. Working at zero temperature in the mean-field approximation, we analyze
the anisotropy induced by the magnetic field in thermodynamic quantities, distinguishing between
longitudinal and transverse components of the pressure and speed of sound. We further study the
magnetization and its dependence on the quark chemical potential and magnetic field strength. Our
results show that both the equation of state and thermodynamic response are strongly modified by
the magnetic field, with potential implications for the physics of magnetized compact stars.

100

A Natural Explanation for the Speed of Sound Peak in Isospin
QCD via the Medium Separation Scheme
Author: RICARDO LUCIANO SONEGO FARIAS1

Co-authors: Bruno S. Lopes 1; Dyana C. Duarte 1; Rudnei O. Ramos 2

1 Departamento de Física, Universidade Federal de Santa Maria
2 Departamento de Física Teórica, Universidade do Estado do Rio de Janeiro

We investigate the zero-temperature equation of state at finite isospin density using the Nambu–
Jona-Lasinio (NJL) model implemented within the Medium Separation Scheme (MSS), which cleanly
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separates medium effects from ultraviolet-divergent vacuum terms. Recent lattice QCD results reveal
a nonmonotonic behavior of the speed of sound as a function of the isospin chemical potential , with
a clear violation of the conformal bound. This unexpected feature, not predicted by conventional
approaches—including standard NJL calculations—has drawn significant theoretical attention. We
show that the NJL model, when consistently regularized via MSS, quantitatively reproduces state-
of-the-art lattice data for isospin QCD, providing a natural explanation for the observed peak in and
resolving artifacts typically associated with cutoff sensitivity in non renormalizable models.

101

Phase Structure of Spin-Polarized Quark Matter
Authors: RICARDO LUCIANO SONEGO FARIASNone; William R. Tavares1

1 UERJ

We study the effects of spin polarization in the two-flavor Entangled Polyakov–Nambu–Jona-Lasinio
model at finite temperature within the mean-field approximation. Spin density is incorporated
through a new term in the Lagrangian, the spin potential, recently proposed in the context of lat-
tice quantum chromodynamics (LQCD). We investigate how the effective quark masses, as well as
the chiral and deconfinement susceptibilities, vary with temperature and spin potential. Increasing
lowers the pseudocritical temperature for both the chiral and deconfinement transitions, which are
identified as crossovers. For sufficiently large, however, the chiral transition passes through a crit-
ical end point, followed by first-order phase transition lines at low temperatures. These results are
in qualitative agreement with LQCD for small and reveal notable new features of the phase diagram
at high, which are inaccessible to LQCD due to the sign problem.

102

Dark Matter Halos in Milky Way-like Galaxies: An Evidence for
a Universal Density Profile
Authors: Karín Menéndez Delmestre1; Maria Clara Cavalcante Siviero2

1 Valongo Observatory (OV/UFRJ)
2 Brazilian Center for Research in Physics

For nearly five decades, the interplay between dark matter (DM) halos and baryonic matter has
shaped our understanding of galaxy formation and evolution. The galaxy-halo connection is an im-
portant tool to better understand the DM distribution in more local scales, where its gravitational
imprint is more directly observable. In this work we combine cosmological simulations with multi-
wavelength observations to constrain DM profiles of galaxies similar to the Milky Way (MW). The
structure, extension, and mass of the MW still hold observational challenges due to the fact of glob-
ally analyzing the system in which we are located. The study of MW analogs helps us with this
challenge. We analyze a large sample of >100 galaxies from the state-of-the-art Illustris TNG-50
cosmological simulation, combined with 21 cm line observations of nearby MW analogs. Using both
spatial and spectral high-resolution data from VLA and GMRT radio telescope arrays, we employ
the 3D-Barolo algorithm to derive precise kinematic maps and rotation curves. We use Spitzer mid-
IR imaging at 3.6/4.5 \textmu m, the best single-band tracer of stellar mass, to perform a careful
analysis of the baryonic component–strongly dominated by the emission from low-mass stars. We
decompose the rotation curves into their different mass components (stars, gas, and DM), enabling
the construction of a DM radial profile for each galaxy. By using a MCMC-based routine, we account
for the DM contribution for the observed rotation curves. This allows us to test the universality of
DM halo shapes and its possible deviations when taking baryonic physics into account. With the
DM density profiles in hand, we constrain the DM density in the solar neighborhood of the MW,
based on drawing analogies with the DM distribution in our MW analog sample. In general, cur-
rent values in the literature rely on the study of stellar orbits in the solar neighborhood or under
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assumptions about the shape of the DM halo in the MW. Instead, we calculate the DM density at
the corresponding location of the solar neighborhood in each of the analog galaxies. Our analysis
yields an average local DM density of ρDM ∼ 0.01M⊙ pc−3 for the sample of simulated galaxies–
consistent with the rotation curve results based on HI observations. This provides a critical link to
direct DM detection experiments on Earth, as the local DM density is a key parameter for estimat-
ing expected interaction rates with DM particles. Such a result contributes to sharpening both the
empirical basis for DM searches and our understanding of its role in galactic environments.

103

Surface and Curvature Tensions of Cold, DenseQuarkMatter un-
der Compact Star Conditions
Author: María Florencia Izzo VillafañeNone

Co-authors: Ana Gabriela Grunfeld ; Germán Lugones

Understanding the microphysical properties of cold, dense quark matter is crucial for modeling the
interior of compact stars. In this work, we study the surface and curvature tensions of three-flavor
quark matter under conditions relevant to different astrophysical scenarios, including cold neutron
stars, proto-neutron stars, and post-merger remnants. The analysis is performed within the Nambu–
Jona-Lasinio (NJL) model with vector interactions, imposing weak equilibrium and both local and
global electric charge neutrality. Finite-size effects are incorporated via the multiple reflection ex-
pansion formalism. We explore how the surface and curvature tensions depend on temperature and
the presence of trapped neutrinos (modeled through their chemical potential), as well as on key pa-
rameters such as the vector coupling ratio ηV , the droplet radius R, and the charge-per-baryon ratio
ξ. Our results provide input for future studies of phase transitions and structured phases in dense
quark matter under compact star conditions.

106

On Measuring the Quantum Universe
Author: David Vasak1

1 Frankfurt Institute for Advanced Studies (FIAS)

According to the common understanding of quantum mechanics (QM), everything is a priori quan-
tum, even the Universe itself. Describing the Universe as a quantum object is the realm of quantum
cosmology (QC). The Schrödinger equation of the Universe has been derived by Wheeler and De-
Witt around half a century ago. After quantizing the classical Friedman theory the wave function
of the Universe was found to be timeless, violating our common sense and contradicting our mere
existence. This has since been subject of an ongoing debate.

In this talk we first discuss whether and how the cosmic time can be retained by modifying the
quantization process for a class of gravity theories. We discover the spatial curvature to assume a
prominent role similar to the energy spectrum in conventional QM.

Secondly we analyze the problem of interpreting astronomical observations vs. the postulates of
canonical (Copenhagen) QM, and in particular show how the collapse of the universal wave function
is circumvented by invoking the so called “weak” or sub-quantum measurements.

Thirdly, we review the de Broglie-Bohm picture of QM enabling the extraction of classical trajectories
from a wave function, and address its application in QC.
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107

Phase Structure of Spin-Polarized Quark Matter
Authors: RICARDO LUCIANO SONEGO FARIAS1; William R. Tavares2

1 UFSM
2 UERJ

We study the effects of spin polarization in the two-flavor Entangled Polyakov–Nambu–Jona-Lasinio
model at finite temperature within the mean-field approximation. Spin density is incorporated
through a new term in the Lagrangian, the spin potential µΣ, recently proposed in the context of
lattice quantum chromodynamics (LQCD). We investigate how the effective quark masses, as well as
the chiral and deconfinement susceptibilities, vary with temperature and spin potential. Increasing
µΣ lowers the pseudocritical temperature for both the chiral and deconfinement transitions, which
are identified as crossovers. For sufficiently large µΣ, however, the chiral transition passes through
a critical end point, followed by first-order phase transition lines at low temperatures. These results
are in qualitative agreement with LQCD for small µΣ and reveal notable new features of the phase
diagram at high µΣ, which are inaccessible to LQCD due to the sign problem.

108

A Natural Explanation for the Speed of Sound Peak in Isospin
QCD via the Medium Separation Scheme
Author: RICARDO LUCIANO SONEGO FARIAS1

Co-authors: Bruno S. Lopes 1; Dyana C. Duarte 1; Rudnei O. Ramos 2

1 Departamento de Física, Universidade Federal de Santa Maria
2 Departamento de Física Teórica, Universidade do Estado do Rio de Janeiro

We investigate the zero-temperature equation of state at finite isospin density using the Nambu–
Jona-Lasinio (NJL) model implemented within the Medium Separation Scheme (MSS), which cleanly
separates medium effects from ultraviolet-divergent vacuum terms. Recent lattice QCD results re-
veal a nonmonotonic behavior of the speed of sound c2s as a function of the isospin chemical potential
µI , with a clear violation of the conformal bound c2s = 1/3. This unexpected feature, not predicted by
conventional approaches —including standard NJL calculations —has drawn significant theoretical
attention. We show that the NJL model, when consistently regularized via MSS, quantitatively repro-
duces state-of-the-art lattice data for isospin QCD, providing a natural explanation for the observed
peak in c2s and resolving artifacts typically associated with cutoff sensitivity in non renormalizable
models.

110

Gravitational Waves Astronomy - ten years of breakthrough dis-
coveries
Author: Dorota RosinskaNone

The first direct detection of gravitational waves on September 14th, 2015 originating from the merger
of two stellar-mass black holes, opened an entirely new way of observing the Universe. The signal
GW150914, not only marked the birth of gravitational wave astronomy but also provided the first
evidence for the existence of binary black holes and validated general relativity in the strong-field
regime, previously inaccessible to observation. For this groundbreaking discovery, the 2017 Nobel
Prize in physics was awarded to key contributors from the LIGO–Virgo collaboration. Since then,
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over 300 gravitational-wave signals, predominantly from binary black hole coalescences, have been
observed leading to major breakthrough discoveries. Currently, the fourth LIGO-Virgo-Kagra net-
work observing run is ongoing and gravitational wave alerts are sent to the international community
to support multimessenger follow-up observations. In my talk, I will review the key results from
the first decade of gravitational-wave observations, with emphasis on their implications for astro-
physics, fundamental physics and cosmology and present prospects for future detectors.

111

Is η(1760) a Glueball?

Author: Daniel Tavares da SilvaNone

Co-authors: Kamila Mendes 1; Mário Luiz Lopes da Silva 1

1 UFPel

The search for new states of matter has been the subject of study and research, as well as their
identification in colliders, with exotic states being identified in experiments around the world in
recent years. Among the possible exotic states provided in QCD we have the glueball, a bound
state between gluons. Using a non-relativistic gluon bound state model, we calculate Γ(G → γγ),
where G is a pseudoscalar digluon (0−+), which is applied to the meson η(1760). We start from the
amplitudes, where we consider the process γγ → g∗g∗, with the g∗s being the massive constituent
gluons and the amplitudes obtained in the lowest-order perturbative QCD deriving them from the
QED calculation. The unknown parameters of the model such as the digluon wavefunction are
obtained using experimentally measured values of the decay of Γ(J/Ψ → Gγ). We compare our
theoretical results with current experimental limits for η(1760), our glueball candidate.

112

Measuring the speed of gravity in short distances: improving the
detector and the emitter
Authors: Carlos Frajuca1; Daniel Coppede2; Fabio Silva Bortoli1; NADJA MAGALHAES3

1 IFSP
2 UFABC
3 FEDERAL UNIVERSITY OF SAO PAULO

In order to investigate the speed of gravitational signals traveling in air and through a different
medium a experiment is proposed. The experiment contains 2 masses vibrating (emitters), the masses
will emit a periodic tidal gravitational signal and one sapphire device that behaves as a detector is
located between the two vibrating masses. This detector is suspended in vacuum and cooled down to
4.2 K will. The vibrational amplitude of the sapphire detector is measured by a microwave signal with
ultralow phase-noise that uses resonance in the whispering gallery modes inside the detector device.
Sapphire has quite high mechanical and electrical Qs which implies a very narrow detection band
thus reducing the detector sensitivity but amplifies the phase difference of the signal coming from the
emitters. With the aid of a finite element program the normal mode frequencies of the detector can
be calculated with high precision. The results show that to improve the sensitivity of the experiment
is necessary to improve the signal strength. New emitter and detector are proposed then the new
best operational frequency is calculated showing a better design for the experiment.

113
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Qualitative Implications of a Nondegenerate Dirac Lagrangian in
Riemann-Cartan Spacetimes
Author: Marcelo Netz-Marzola1

Co-authors: David Vasak ; Horst Stoecker ; Jürgen Struckmeier

1 FIAS

Nondegenerate matter Lagrangians (i.e. with an invertible Legendre transform) are a structural re-
quirement of the de Donder–Weyl (covariant Hamiltonian) approach to field theory. For fermions,
the Dirac Lagrangian is rendered non-degenerate via terms quadratic in the derivatives of the spinors.
For free fields this reduces to a surface term and maintains the equations of motion unaltered, how-
ever, after minimal coupling to gauge fields, the quadratic piece becomes physical: it yields an
anomalous Pauli coupling in electromagnetism and induces nontrivial curvature and torsion cou-
plings in gravity. We outline the qualitative implications in Riemann–Cartan geometry and show
that, in an appropriate WKB regime, these couplings lead to, among other things, geometric-optics–
like phenomena, such as gravitationally-induced refraction and birefringence.

114

Junction conditions in f(T ) gravity
Authors: Cecilia Bejarano1; Franco Fiorini2; Juan Ignacio GarganoNone

1 Instituto de Astronomía y Física del Espacio (CONICET - UBA)
2 Grupo de Comunicaciones Ópticas, Departamento de Ingeniería en Telecomunicaciones, Consejo Nacional de Inves-

tigaciones Científicas y Técnicas (CONICET) and Instituto Balseiro (UNCUYO)

In this work, we present the junctions conditions for a family of special solutions in f(T ) gravity.
This modified theory of gravity is a generalization of the so-called Teleparallel Equivalent of General
Relativity where the Lagrangian is given by an arbitrary function of the torsion scalar (which is
related to the curvature scalar up to a total divergence). We apply our results in two cases, with and
without thin-shells of matter, for a black hole formation mechanisms in 2+ 1 dimensions driven by
the collapse of dust-like matter distribution.

115

Medium Separation Scheme and the Cold-Magnetized Supercon-
ducting Quark Matter
Author: DYANA CRISTINE DUARTE1

Co-authors: Francisco X. de Azeredo 2; RICARDO LUCIANO SONEGO FARIAS

1 Universidade Federal de Santa Maria
2 Universidade Federal de Santa Maria UFSM

In this study, we investigate the interplay between chiral and diquark order parameters in cold and
dense quark matter under the influence of an external magnetic field. To this end, we use an SU(2)
version of the Nambu-Jona-Lasinio model, including both scalar and diquark interactions. A key as-
pect of our analysis is the role played by different regularization schemes, particularly the Magnetic
Field Independent Regularization (MFIR) and the Medium Separation Scheme (MSS). We compare
the results obtained using these schemes with those derived from the most commonly adopted ap-
proaches, which rely on smooth functions and step functions to handle divergences. Within this
framework, we systematically explore how the variations in the external magnetic field at finite
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baryon density impact the behavior of the diquark condensate and the dynamically generated quark
mass. Additionally, we examine the thermodynamic properties of the system and construct the cor-
responding phase diagram in the µ×eB plane when medium contributions are completely separated
from divergent integrals. Our findings highlight the importance of the proper separation of medium
effects from vacuum contributions, preventing the arise of artificial oscillatory behavior in the phys-
ical quantities that have been frequently –and incorrectly –associated as manifestations of the van
Alphen–de Haas (vA-dH) effect in the literature, as well as the decrease of the diquark condensate
with the increase of the density.

116

Junction conditions in f(T ) gravity
Author: Cecilia Bejarano1

Co-authors: Franco Fiorini 2; Juan Ignacio Gargano 3

1 Instituto de Astronomía y Física del Espacio (CONICET - UBA)
2 Grupo de Comunicaciones Ópticas, Departamento de Ingeniería en Telecomunicaciones, Consejo Nacional de Inves-

tigaciones Científicas y Técnicas (CONICET) and Instituto Balseiro (UNCUYO))
3 Instituto de Astronomía y Física del Espacio (IAFE: CONICET - UBA)

In this work, we present the junctions conditions for a family of special solutions in f(T ) gravity.
This modified theory of gravity is a generalization of the so-called Teleparallel Equivalent of General
Relativity where the Lagrangian is given by an arbitrary function of the torsion scalar (which is
related to the curvature scalar up to a total divergence). We apply our results in two cases, with and
without thin-shells of matter, for a black hole formation mechanism in 2 + 1 dimensions driven by
the collapse of dust-like matter distribution.

117

Open Science Nexus (OSN) –A Decentralized Platform for Free
Scientific Collaboration
Authors: Benno Bodmann1; Cesar Zen Vasconcellos2; Moises Razeira3; Monica Estrazulas1

1 UFRGS
2 ICRANet/UFRGS
3 UNIPAMPA

1. Vision •To create a digital ecosystem where scientists, researchers, technologists, educators and
thinkers worldwide can collaborate freely, beyond institutional bureaucracy, political agendas,
and mainstream constraints.

2. Core Principles •Decentralization: No single institution controls the platform; governance is
community-driven. •Open-Mindedness: Encourages unconventional new ideas, interdisciplinary
work, and constructive debate. •Meritocracy: Ideas are judged by their rigor. •Transparency:
Research proposals, methodologies, and discussions are open for peer scrutiny. •Global Partici-
pation: Scientists from all backgrounds can contribute, regardless of institutional affiliation.

3. Platform Structure A. Digital Hub •Personal Profiles: Each member has a dedicated page to post
research ideas, preprints, and project proposals. •Collaboration Spaces: Topic-based forums for
discussions, working groups, and joint publications. •Open Peer Review: A dynamic, crowd-
sourced review system. •Resource Sharing: Open datasets, tools, and methodologies accessible
to all members. B. Organizational Framework •Working Groups: Self-organized team focusing
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on specific research areas. •Online & In-Person Events: Virtual seminars, annual conferences,
and regional meetups. •Educational Initiatives: Open-access courses, mentorship programs, and
skill-sharing workshops. C. Governance Model •Democratic Decision-Making: Major decisions
(e.g., platform rules, funding allocation) are voted on by active members. •Advisory Council: A
rotating group of respected scientists to guide the platform’s direction.

4. Implementation Plan Phase 1: Prototype Development (6-12 months) •Build a basic web platform
with profiles, forums, and collaboration tools and recruit founding members (scientists, indepen-
dent researchers, forward-thinking academics). •Launch a pilot working group on a high-impact
topic (e.g., AI ethics, alternative energy solutions). Phase 2: Expansion (1-2 years) •Grow mem-
bership through open invitations and networking. •Establish funding mechanisms (donations,
grants, optional membership fees). •Host the first global online conference. Phase 3: Institu-
tional Independence (3+ years) •Develop sustainable funding (e.g., crowdfunding, partnerships
with open-science orgs). •Formalize legal structure (e.g., as a nonprofit foundation). •Expand
in-person collaborations, labs, and research hubs.

5. Challenges & Mitigation

•Credibility: Ensure rigorous self-policing to prevent pseudoscience while allowing radical ideas.
•Funding: Start with minimal costs (open-source tools, volunteer work), then seek grants/patronage.
•Adoption: Target early adopters—young researchers, independent scientists, and reform-minded
academics.
6. Call to Action
This initiative can only succeed with a critical mass of passionate individuals. If you believe in a
freer, more open scientific future, join the discussion and help build Open Science Nexus.
7. Next Steps
1. Gather a Founding Group –Identify 10-20 researchers/thinkers to refine the concept.
2. Launch a Minimal Viable Platform

COORDINATION:
BENNO BODMAN
benno.bodmann@gmx.de
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