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Dark Matter / 1

No-Go Dark Energy from Generalized SU(2) Proca Theories
Authors: SANTIAGO GARCIA SERNAN™; JOHN BAYRON ORJUELA-QUINTANA'

Co-authors: Yeinzon Rodriguez Garcia ; Gabriel Gomez 2. Cesar A. Valenzuela-Toledo *

! UNIVERSIDAD DEL VALLE

? Universidad de Santiago de Chile

3 Departamento de Fisica, Universidad del Valle

Corresponding Author: santiago.serna@correounivalle.edu.co

The Generalized SU(2) Proca theory, despite its potential in modeling various physical phenomena,
fails to accurately describe dark energy. Using the Green’s function formalism, approximate solu-
tions demonstrate that dark energy solutions exist independently of the cosmic epoch. However,
integrating Proca SU(2) dark energy with matter and radiation introduces singularities during the
transition from the matter epoch to the dark energy epoch, undermining the consistency of the

model. Consequently, this theory cannot provide a reliable framework for modeling a dark energy-
dominated universe.

Theory/Phenomenology / 2

Precise Theoretical Predictions of the Electroweak Observables

Author: Edilson Alfonso Reyes Rojas'
Co-authors: Angelo Raffaele Fazio ; Daniel Melo
' UDP/ UNAL

Corresponding Author: eareyesro@unal.edu.co
In this talk, we are going to present the latest results obtained by our group regarding the theoreti-
cal predictions of electroweak observables, such as the HLBL contribution to the muon anomalous

magnetic moment, the Higgs boson mass up to three-loop accuracy, and additional Higgs boson
properties in both the Standard Model and its main supersymmetric extensions.

Dark Matter / 3

Dark matter production through gluon fusion mediated by the
Higgs boson.

Author: Omar Rafael Torrijo Gonzalez'

Co-authors: Blanca Caiias '; Edilson Alfonso Reyes Rojas '
! Universidad de Pamplona

Corresponding Author: omar.torrijo@unipamplona.edu.co

In this presentation I will speak about the production of Dark matter through gluon fusion in the
Standard Model and its minimal supersymmetric extensions. Specifically, We are going to discuss
the calculation of the differential cross section at leading order for this process.
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Theory/Phenomenology / 4

Decay of the Higgs Boson into a Z boson - Photon Pair in the
Standard Model and Beyond

Author: Cristian Alexis Lopez Alvernia'
Co-author: Edilson Alfonso Reyes Rojas '

! Universidad de Pamplona
Corresponding Author: cal.alvernia@gmail.com

In this talk, I am going to discuss the computations of the decay width of the Higgs boson into
a Z boson-photon pair at leading order in the Standard Model and its supersymmetric extensions.

Beyond the Standard Model / 7
Exploring Lepton-Flavor Violation in Higgs Decays via an Ultra-
light Gauge Boson

Author: Marcela Marin'

' UNAM
Corresponding Author: marcemarino8a@gmail.com
In this work, we explore the potential of lepton-flavor violating (LFV) Higgs decays as a probe for
new physics, specifically through the mediation of an ultralight gauge boson, denoted as x. Our
study bridges the gap between a model generating the LFV interaction ¢;¢;x at tree level and an
effective field theory framework that preserves the light mass of x. We utilize stringent constraints
from recent CMS and ATLAS data on H — /;¢; decays to infer an upper bound on the exotic decay
channel H — /;¢;x. The talk will delve into various kinematic observables, including the lepton

energy spectrum, Dalitz plot distribution, and asymmetries in lepton charge and forward-backward
distributions, offering a comprehensive perspective on the implications of our findings.

Phenomenology / 8

Model with Lmu-Ltau symmetry and Majorana Neutrinos

Authors: DAVID ALEJANDRO SUAREZ ROLDANY"; DIEGO ALEJANDRO RESTREPO QUINTERONO“C; Eduardo
Rojas’'; German Ramos™°™

! Universidad de Narifio.
Corresponding Author: david.suarezr@udea.edu.co
We implement a model with a new non-universal Lmu-Ltau gauge symmetry that contains a Dark

matter candidate and a scotogenic realization of a Majorana operator for neutrino masses. and we
analyze its phenomenological and theoretical constraints.

Dark Matter / 9
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Probing low-reheating scenarios with minimal freeze-in dark mat-
ter

None

Author: Oscar Zapata

Corresponding Author: oalberto.zapata@udea.edu.co

The parameter space of freeze-in dark matter through light dark photon (“minimal freeze-in dark
matter”) is currently being probed by direct detection experiments through electron and nuclear
recoil. We show the dark matter production in this scenario is sensitive to cosmic equation of state
during reheating, from matter-like to kination-like. The main result is that low reheating scenario
with reheating temperature

Trh

lesssim1 TeV is severely constrained by current experiments and can be completely probed up to
Trh

lesssim10™TeV in future experiments, leaving only two viable dark matter mass ranges 0.03 MeV
lesssimm,,

lesssim1™MeV and m,,

gtrsim107TeV.

Astroparticles / 10

Gamma Ray Bursts peculiares en la era de Swift

None

Author: Nicolas Vasquez

Co-authors: Esteban Cardenas !; Nicolas Noriega !

! Escuela Politécnica Nacional
Corresponding Author: vasqpaz@gmail.com

Tradicionalmente, las rafagas de rayos gamma (GRBs) se asocian con el colapso de estrellas masivas o
la colisién de objetos compactos. Sin embargo, nuestra busqueda sistematica en el plano Epeak-Eiso
recalibrado revela GRBs que desafian la clasificacion convencional. Recientemente, aparentes GRBs
largos han mostrado asociaciones con fusiones de estrellas compactas y exhiben emision extendida,
lo que lleva a confusién durante su clasificacion. A través de meticulosos analisis temporales y es-
pectrales, hemos profundizado en las caracteristicas de estos eventos, proporcionando informacion
sobre sus elusivos progenitores. Nuestra investigacion incluye un examen exhaustivo de los esti-
madores temporales, incluyendo el tiempo de emision, el retardo espectral y la energia isotropica,
derivados de las observaciones de Swift. Las fases posteriores de nuestra investigacion exploraran
las propiedades de las galaxias anfitrionas y los medios circundantes para proporcionar una com-
prension completa de estos fenémenos desconcertantes. Al desafiar los paradigmas establecidos,
nuestro estudio contribuye significativamente a la evolucion en curso de la clasificacion de los GRB
y mejora nuestra comprension de las explosiones mas potentes del Universo.

Theory/Phenomenology / 11

IMPLEMENTACION DE LOS PAQUETES SARAH Y SPHENO EN
MODELOS DE FISICA DE PARTICULAS

Author: Amelia Ruales’

! universidad de narifio

Corresponding Author: mariaruales99@gmail.com
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Nuestro trabajo se centra en la investigacion y analisis de nuevos modelos tedricos en fisica de
particulas, utilizando los paquetes de software SARAH y SPheno como herramientas principales.
SARAH, implementado en Mathematica, es reconocido por su capacidad para la construccién y anali-
sis de modelos como el Modelo Estandar, sus extensiones y en general, modelos de nueva fisica.
SPheno permite la realizacion de calculos numéricos precisos en modelos de fisica de particulas con
un alto grado de exactitud. Nuestra investigacion se centré en analizar el Modelo Estandar, de lep-
toquarks y el Modelo Escotogénico mediante su implementacion con los paquetes computacionales
mencionados anteriormente. Como dato inicial, llevamos a cabo célculos para generar resultados en
la evaluacion de los modelos, especificamente el calculo de masas, vértices y la creacion de diagramas
de Feynman, para su posterior ejecucién con Spheno.

LHC and Neutrino experiments / 12

Quality Control of Mass-Produced GEM Detectors for the CMS
MEO Muon Upgrade

Author: Anderson Alexis Ruales Barbosa’

! Universidad de Antioquia (CO)

Corresponding Author: arualesb.1@cern.ch

The series of Large Hadron Collider upgrades, culminating in the High-Luminosity Large Hadron
Collider, will significantly expand the physics program of the Compact Muon Solenoid (CMS) experi-
ment. However, these upgrades will also create more challenging experimental conditions, affecting
detector operations, triggering, and data analysis [1]. During Run 3, the LHC is designed to achieve
an integrated luminosity of approximately 150 —300fb™ " per experiment. In terms of instantaneous
luminosity, the LHC is expected to operate with a luminosity of up to 2 * 103*cm =251 | and will
be at least 5 — 7.5 * 103*¢m 25~ ! when the High Luminosity Large Hadron Collider is completed
for Run 4. These conditions will affect muon triggering, identification, and measurement, which are
critical capabilities of the experiment.

To address these challenges, additional muon detectors are being installed on the CMS endcaps,
based on gaseous electron multiplier technology. In 2019, 161 were installed with the GE1/1 station.
We are now working on the MEO upgrade, which will be installed in 2026. The assembly and qual-
ity control of MEO detectors is distributed to several production centers around the world (CERN,
PKU and Frascati). The quality control procedures to standardize the performance of the detectors
and the status of MEO production is presented. The quality controls: Component acceptance, Foil
leakage current, Module gas leakage, high voltage (HV), gas gain and uniformity, HV stability, elec-
tronics test/validation and Chamber cosmic-stand ensure that the project achieves a high success
rate.

[1] Abbas, M., et al. (2022). Quality control of mass-produced GEM detectors for the CMS GE1/1
muon upgrade. Nuclear Instruments and Methods in Physics Research Section A: Accelerators, Spec-
trometers, Detectors and Associated Equipment, 1034, 166716. https://doi.org/10.1016/j.nima.2022.166716

Theory/Phenomenology / 13

PARAMETRIZACION DEL VERTICE Y DEL PROPAGADOR EN
RESONANCIAS DE SPIN 3/2 PARA EL ESTUDIO EN LA DISPER-

SION DE PIONY NUCLEON

Author: David Andres Pedroza Vasquez '

! Universidad de Antioquia
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Corresponding Author: david.pedroza@udea.edu.co

The exact formulation of quantum field theories for fundamental particles with spin % represents a
significant challenge in theoretical physics due to the inherent complexities in describing these sys-
tems. In particular, elastic pion-nucleon scattering involves intermediate states with spin %,corresponding
to the A(1232) resonance, which underscores the importance of studying these fields. In this work,

we perform a systematic analysis of the description of Rarita-Schwinger fields and the different
parameterizations of their propagator within an effective Lagrangian model. This model is consis-
tently constructed to preserve the relevant symmetries, allowing for the generation of the necessary
amplitudes to describe the pion-nucleon scattering process. This approach enables the accurate cal-
culation of physical observables, such as the cross-section, which are crucial for understanding the
dynamic properties of the involved hadronic resonances.

The analysis is conducted within the framework of Quantum Chromodynamics (QCD), given the
relevance of pion-nucleon scattering in understanding strong interactions and the characteristics of
the resulting hadrons. Special attention is given to the parameterization of the interaction vertex
and the propagator of resonances with spin % which are crucial aspects for ensuring the consis-
tency and predictive capability of the model. The obtained results are compared with available ex-
perimental data, evaluating different parameterizations to identify the one that best reproduces the
empirical results. This provides a robust theoretical foundation for future studies of similar hadronic
processes.

LHC and Neutrino experiments / 14

On the Effects of Interference in BSM Production and Detection
of Two Tau leptons at the LHC

Authors: Cristian Rodriguez'; Carlos Andres Florez Bustos®; Jose Antonio Reyes Vega®; Joel Jones-Perez ™™

! Universidad de los Andes
2 Universidad de los Andes (CO)

Corresponding Author: c.rodriguez45@uniandes.edu.co

The study of third-generation fermion channels at the LHC has gained increasing importance, par-
ticularly in light of potential excesses observed in the data. This work is a phenomenological study
aimed at establishing and distinguishing the effects of different types of BSM particles that can
produce an posible excesses in channels with two taus in the final state. These include resonant
production, where neutral bosons such as the Z boson, heavy scalars, or pseudoscalars decay into
two taus via an s-channel, and non-resonant production, such as the exchange of a scalar or vector
leptoquark in a t-channel.

The distinction between these production channels is achieved by analyzing tau polarization and
calculating the interference effects among these channels using the MadGraph, Pythia, and Delphes
frameworks. This analysis helps identify the best kinematic observables and assess their impact on
the statistical significance of the observation.

Outreach / 16

Analisis de datos en estructuras musicales.

Authors: Carlos Ignacio Toro'; Catalina Alzate Henao'; EMMANUEL BOTERO OSORIO'; Jose David Ruiz Al-
1
varez

! Universidad de Antioquia
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Corresponding Authors: catalina.alzate2@udea.edu.co, emmanuel.botero@udea.edu.co

Investigacion centrada en el analisis musical y aplicaciones computacionales, enfocada en la sistem-
atizacion de estructuras musicales, especificamente de los acordes 6-4. El trabajo aborda la identifi-
cacion y clasificacién de estos acordes mediante el uso de herramientas de programaciéon y analisis
de datos. En las primeras etapas del proyecto, se presentaron algunas limitaciones técnicas con soft-
wares ya preestablecidos para analisis musical, tales como Jsymbolic, lo que llevé a la decision de
desarrollar cédigo adoptando la libreria music21 en Python, permitiendo un manejo mas efectivo
de archivos XML y evitando problemas de enarmoénicos. Se desarrolld, entonces, un algoritmo que
facilita la identificacion y clasificacién de los acordes 6-4 en diversas partituras, generando resulta-
dos estadisticos que contribuyen a una mejor comprensién de su uso y correcta interpretacion. Este
enfoque no solo busca clarificar la teoria musical relacionada con los acordes 6-4, sino que también
establece una base para futuras investigaciones en la intersecciéon de la musica y la computacion,
promoviendo un anélisis mas riguroso y sistematico de las estructuras musicales.

LHC and Neutrino experiments / 18

Search for Bct — ¢K+ in the LHCb experiment

Author: Jonnatan Pereira’

! Universidad Nacional de Colombia (CO)
Corresponding Author: jonnatan.pereira.betencur@cern.ch

There is no annihilation decay experimentally observed for the Bc meson to date. The Bc+ — K+
decay can proceed via annihilation of anti-b and ¢ quarks into a W intermediate boson or, alterna-
tively, involving final-state rescattering effects. Observation of the Bc+ — ¢K=+ decay will provide
a new insight on the Bc meson properties and lead to a new independent determination of the Vcb
element of the CKM matrix, as well as determine the size of annihilation diagrams. The analysis is
performed using data from the LHCb experiment, collected in pp collisions at 13 TeV center-of-mass
energy. The ¢ meson is reconstructed via its decay to two charged kaons. The B+ — ¢pK=+ decay is
used for control and normalization.

Outreach / 19

ATLAS Open Data - implementations and tools for the next re-
lease of datasets

Author: Miguel Angel Garcia Ruiz'

! Universidad Nacional de Colombia (CO)

Corresponding Author: miguel.angel.garcia.ruiz@cern.ch

The ATLAS Open Data provides a wide amount of tools so students, professors and different insti-
tutes along the world can use them to be trained in the field of experimental particle physics. Along
these last years, this collaboration has released a set of different analyses yielding SM and BSM sce-
narios by using data and mc samples collected during the run 1 and 2 at CERN (with an energy of
center of mass equivalent to 8 TeV and 13 TeV). Currently, the collaboration is making a big effort to
prepare the next release of data for a luminosity of 36 fb™-1, which will include some improvements
compared to the previous releases (analyses, frameworks, programming tools, webpage, virtual ma-
chines, documentation, etc), to the scientific community for research and educational purposes and
the idea of this talk is to have the chance to show some of these implementations to young and senior
researches in the meeting that will take place in the COMHEP.
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LHC and Neutrino experiments / 20

Studies on resolved and boosted overlaps in the HH to bbtautau
processes

Author: Miguel Angel Garcia Ruiz'

! Universidad Nacional de Colombia (CO)

Corresponding Author: miguel.angel.garcia.ruiz@cern.ch

This work is based on the study of the production of Higgs pairs decaying into bbtautau for high pT
(boosted regime). Boosted HH produces highly collimated jets, which sometimes is an inconvenient
since conventional methods to reconstruct jets might not be good enough to identify the content
of these jets at all. Thus, we focus on the study of the substructure of jets and kinematic variables
at first level (pT and mass of the main objects) to identify which reconstructed jets might contain
boosted bb or tautau pairs and categorize them into different regions of study (RR, RB, BR and BB
where R and B refers to resolved and boosted jets for bb and tautau possible combinations). This
methodological approach provides a way to study the overlap region between the resolved analysis
(already available for the easyjet framework in the ATLAS community) and the boosted analysis (the
framework we developed during this work), which hopefully would lead to understand this overlap
and find a baseline to separate the resolved and boosted events.

LHC and Neutrino experiments / 21

R22 Lund Jet Plane Tagger

Authors: Jean Pierre Cifuentes Salazar'; Rafael Andrei Vinasco Soler¥°™; Reina Camacho Toro™°"

! Estudiante de pregrado (UNAL)

Corresponding Author: bcifuentes@unal.edu.co
The presentation consists of the work done in the Atlas experiment related to the migration to re-
lease 22 of a tagger based on the Lund Jet Plane that allows to understand the jet evolution and
to discriminate the process from which they come, taking into account the different regions of the

plane. The objective is to compare the performance of this tagger for boosted W, Z (and eventually
H) bosons and top quarks with other taggers.

Dark Matter / 22

Secluded dark matter

Author: DIEGO ALEJANDRO RESTREPO QUINTERO™N™

Corresponding Author: restrepo@udea.edu.co

Relaxing the constraints on kinetic mixing is possible if the dark photon can couple directly to Dirac
neutrinos

Astroparticles / 23
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VSL-Gravity in ligth of PSR B1913+16 Full Data Set: Upper limits
on graviton mass and its theoretical consequences

Author: Alexander Bonilla Rivera'

! Observatorio Nacional R}-Brasil
Corresponding Author: alex.acidjazz@gmail.com

Very Special Linear Gravity (VSLG) is an alternative model for linearized gravity, featuring massive
gravitons while still retaining two physical degrees of freedom. Recently, its gravitational period
decay dynamics has been calculated through effective field theory techniques. In this work, we aim
to test this new model by a complete Bayesian analysis over the dataset of the PSR B1913+16 binary.
We found a 95% CL upper bound for the graviton mass m, around 107! eV while also obtain-
ing a relevant discrepancy for the predicted value of the mass of one of the two companion stars.
Finally, we discuss some potential ripercussions for a non-zero graviton mass at the cosmological
level.

LHC and Neutrino experiments / 24

Plano de Lund para jets simulados por medio de MadGraph.

Author: Luis Felipe De La Ossa Mayorga'

! Universidad Nacional de Colombia
Corresponding Author: lufdema@unal.edu.co

La charla tiene como objetivo mostrar el estudio de la estructura de los jets de particulas generados
en el LHC para distintas interacciones.

Este estudio se realiza por medio del plano de Lund que es un método grafico creado a partir de
algoritmos de clustering de las sefiales detectadas luego de la colision de protones en el acelerador.
Posteriormente se realiza el declustering sobre los jets primarios para construir el plano.

El input para la creacion de estos planos de Lund es un dataset ptblico llamado el JetClass que
contiene datos simulados de alrededor de 100M de jets provenientes de diferentes procesos de inter-
accion. La informacidn de estos dataset fue verificada por medio de simulaciones propias de eventos
usando Madgraph (Generador de eventos de Monte Carlo que vincula Delphes y Pythia).

Astroparticles / 25

Estudio de geodesicas en el espacio-tiempo de agujeros negros
tipo Sagittarius A*

Author: Fabian Andres Portilla Rosero’

! Universidad del Cauca
Corresponding Author: fabianportilla@unicauca.edu.co

Durante el trabajo de investigacion titulado Estudio de geodesicas en el espacio-tiempo de

agujeros negros tipo Sagittarius A”, se determin’o las trayectorias de movimiento denominadas
geodesicas, que se generan al considerar un sistema compuesto por dos agujeros negros superma-
sivos

(SMB); para este fin, se emple’o la solucion de Roy Kerr de las ecuaciones de campo de

Einstein, y se descompuso como una superposicion lineal del tensor m’etrico de Schwarzschild

y un tensor de perturbaci’on; a la superposicion de estos dos tensores se denomino m’etrica
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general del sistema, al ser un modelo de perturbacion en lugar de una solucion exacta de

las ecuaciones de campo de Einstein, se determinan intervalos del espacio-tiempo para los
cuales la metrica general del sistema es una solucion que describe correctamente lo topologia
del espacio-tiempo; con base en la m’etrica general del sistema se parametriza la ecuacion
diferencial que caracteriza las curvas geodesicas, y se determina una cantidad conservada

por la variaci’on de la m’etrica a lo largo de la base de coordenadas, con estos dos conceptos
se determina un sistema de ecuaciones diferenciales cuya soluci’on es obtenida empleando un
modelo lineal para la solucion.

La solucion obtenida describe la “orbita de una estrella supermasiva B0-2 V, conocida

como S2; la trayectoria r(¢$) est’a compuesta por la superposicion de 3 “ordenes de aproximacion,
r(0)(¢) es una funci’on que describe una “orbita el 1ptica que converge a la solucion

obtenida por las ecuaciones de Newton, a partir de dicha solucion se puede parametrizar

el momentum angular de cualquier particula que se mueva alrededor de los agujeros negros
en terminos del semi eje mayor y la excentricidad de la elipse; a continuacion, se obtiene el
primer orden de aproximaci’on r(1)(¢), que es una soluci’on que describe la precesi’on de las
orbitas el 1pticas, en este caso, se determina una precesi’on de 75 arcsec/year; finalmente,
r(2)(¢) permite determinar la energ’ia por unidad de masa promedio por orbita que tendria
la estrella S2, y cuyo valor oscila alrededor de -2.9 -1013m2/s2.

Phenomenology / 26

Short Distance Constraints to the Hadronic Light-by-Light con-
tribution to the anomalous magnetic moment of the muon

Authors: Daniel Melo™*; Edilson Alfonso Reyes Rojas'; Angelo Raffaele Fazio®

! Universidad de Pamplona

2 Universidad Nacional de Colombia
Corresponding Author: dg.melo2000@gmail.com

We studied the Hadronic Light-by-Light (HLbL) contribution to the muon anomalous magnetic mo-
ment. Upcoming measurements will reduce the experimental uncertainty of this observable by a
factor of four, therefore the theoretical precision must improve accordingly to fully harness such
experimental breakthrough. With regards to the HLbL contribution, this implies a study of the high-
energy intermediate states that are neglected in dispersive estimates. We focus on the maximally
symmetric high-energy regime and in quark loop approximation of perturbation theory, following
the method of the OPE with background fields proposed by Bijnens et al. in 2019 and 2020, we
confirm their results regarding the contributions to the muon g — 2. For this we use an alternative
computational method based on a reduction of the full quark loop amplitude, instead of project-
ing on a supposedly complete system of tensor structures motivated by first principles. Concern-
ing scalar coefficients, mass corrections have been obtained by hypergeometric representations of
Mellin-Barnes integrals. By our technique the completeness of such kinematic-singularity/zero-free
tensor decomposition of the HLbL amplitude is explicitly checked.

Beyond the Standard Model / 27

Higgs-like resonant signals in a no-universal 2HDM.

Authors: Eduardo Rojas1 ; Oscar Rodriguezz; Richard Benavides.’; William Ponce?; Yithsbey Giraldo Usuga4

! Universidad de Narifio.
2 Udea
> ITM

* Universidad de Narifio
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Corresponding Author: eduro4000@gmail.com

We study the possibility of obtaining the Standard Model (SM) of particle physics as an effective
theory of a more fundamental

one, whose electroweak sector includes two non-universal local U(1) gauge groups, with the chiral
anomaly cancellation taking place through an interplay among families. As a result of the sponta-
neous symmetry breaking, a massive gauge boson Z’ arises, which couples differently to the third
family of fermions (by assumption, we restrict ourselves to the scenario in which the Z’ couples in
the same way to the first two families). Two Higgs doublets and one scalar singlet are necessary to
generate the SM fermion masses and break the gauge symmetries.

We show that in our model, the flavor-changing neutral currents (FCNC) of the Higgs sector are
identically zero if each right-handed SM fermion is only coupled with a single Higgs doublet. This
result represents a FCNC cancellation mechanism different from the usual procedure in Two-Higgs
Doublet Models"(2HDM).

The non-universal nature of our solutions requires the presence of three right-handed neutrino fields,
one for each family. Our model generates all elements of the Dirac mass matrix for quarks and lep-
tons, which is quite non-trivial for non-universal models. Thus, we can fit all the masses and mixing
angles with two scalar doublets. Finally, we show the distribution of solutions for the scalar boson
masses in our model by scanning well-motivated intervals for the model parameters. We consider
two possibilities for the scalar potential and compare these results with the Higgs-like resonant sig-
nals recently reported by the ATLAS and CMS experiments at the LHC.

Finally, we also report collider, electroweak, and flavor constraints on the model parameters.

LHC and Neutrino experiments / 28

Exploring Inelastic Dark Matter Signatures with DUNE

Authors: Amalia Betancur Rodriguez'; Gustavo Adolfo Castrillon Yepes?; Oscar Zapata™°™

! University EIA

2 University of Antioquia
Corresponding Author: gadolfo.castrillon@udea.edu.co

Inelastic dark matter is a topic of great interest due to its rich phenomenology, which allows for
the exploration of particles in the sub-GeV scale. Our study focuses on an inelastic model involving
two Majorana fermions, x1 and x2, mediated by a dark photon and a dark Higgs boson, the latter
being responsible for the generation of mass in the dark sector. Given the scale, we concentrated
on the Deep Underground Neutrino Experiment (DUNE), taking into account both the On-Axis and
Off-Axis detectors. Specifically, we identified an interesting region within the model, compatible
with DUNE’s constraints, by considering a small mass split between the fermions.

Astroparticles / 29

Modelamiento de un detector de centelleo para el estudio de muon-
grafia volcanica usando GEANT4

Author: Alex Riascos™m

Corresponding Author: alexriascos159@gmail.com

La motivacion para realizar esta investigacion surge de la importancia de implementar muongrafia
volcanica en Narifio, Colombia. Una region ubicada en la cordillera de los Andes que alberga varios
volcanes, entre ellos el Volcan Galeras, conocido por su actividad constante y cercania a la ciudad de
Pasto. Este trabajo se fundamenta en la necesidad de optimizar un sistema de deteccion de muones.
Estas particulas, al ser capaces de atravesar grandes cantidades de roca, ofrecen la posibilidad de
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obtener informacion valiosa sobre la estructura interna de los volcanes. A través de la optimizacién
en el disefio del detector, se busca establecer las bases que contribuyan al estudio de muongrafia
volcénica, representando un avance significativo en la comprension de las dinamicas volcanicas y la
mitigacion de riesgos asociados a desastres naturales.

En esta investigacion, se desarrolld a través de simulaciones en GEANT4 y la extensiéon GODDeSS,
un modelamiento detallado de un detector de centelleo utilizando caracteristicas comunmente em-
pleadas en detectores de muongrafia. Con el objetivo de encontrar una configuracién 6ptima que
maximice la coleccion de luz, a partir de los componentes del detector y su respuesta a las interac-
ciones con muones. Se compard el rendimiento de luz en dos configuraciones distintas: la primera
que emplea una barra centelladora con recubrimiento 6ptico, y la segunda que integra una fibra
6ptica WLS dentro de la barra centelladora. Esta metodologia de realizar simulaciones no solo pro-
porciona un entendimiento profundo de la fisica involucrada, sino que también permite realizar
ajustes y mejoras en el disefio del detector.

Los resultados de este estudio mostraron que al integrar fibra dentro de la barra centelladora se
logra una mayor eficiencia en la longitud de atenuacién y un aumento en la coleccién de luz de
aproximadamente 3 veces mas, lo que justifica la integraciéon de este componente en el disefio del
detector.

Phenomenology / 30

Two Texture Zeros for Dirac Neutrinos

Author: Richard Benavides "

Corresponding Author: ribebenavides@gmail.com

A systematic study of the neutrino mass matrix Mv with two texture zeros under the assumption
that neutrinos are Dirac particles, is carried through in detail. Our study is done without any ap-
proximation, first analytically and then numerically. Current neutrino oscillation data are used in
our analysis. Phenomenological implications are studied.

LHC and Neutrino experiments / 31

Estudio sistematico de la estructura de jets de b y b barra a bajo
pt

Authors: Jose Ruiz'; Juan Montoya®; TOMAS SOSA GIRALDONm®

! Universidad de Antioquia (CO)

? Universidad de Antioquia’s estudent
Corresponding Authors: juan.montoyall0@udea.edu.co, tomas.sosa@udea.edu.co

Estudio de los jets a bajo pt pertenecientes al procesop p > b b excluyendo a h y z como mediadores,
haciendo uso de MadGraph y ROOT.

LHC and Neutrino experiments / 32

Caracterizacion de fibras opticas de un detector de particulas us-
ando IA
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Author: Jorge Eduardo Ossa Sanchez'

! Universidad de Medellin, Estudiante Doctorado en Modelacion y Computacion Cientifica
Corresponding Author: osgeorge@utp.edu.co

Para transmitir seriales Opticas con alto porcentaje de eficiencia se requiere que la fibra 6ptica tenga
un minimo de defectos en su estructura.

A través de este analisis se pretende exponer un proceso basado en inteligencia artificial que recibe
como argumento una imagen del corte transversal de una fibra 6ptica y la clasifica como apta o no
apta para trasmitir la sefial de acuerdo a la exigencia de la aplicacion.

Phenomenology / 33

Analisis del problema del momento magnético anémalo del muén
en un modelo U(1)d adicional al Modelo Estandar.

Author: JESUS ANDRES GONZALEZ MENESES'

' Universidad del Atlantico
Corresponding Author: jesusandresgonzalez@mail.uniatlantico.edu.co

En este trabajo, se presenta un analisis detallado al problema del momento magnético anémalo del
muodn en el contexto de un modelo teédrico extendido que incorpora un grupo de simetria U(1)q4
adicional al Modelo Estandar de la fisica de particulas.

El momento magnético es un parametro fundamental netamente cuantico que mide que tan sensi-
ble es el espin de una particula a un campo electromagnético externo. Ahora, la relacion entre el
momento magnético y el espin viene dada por un factor de proporcionalidad llamado factor giro-
magnétigo (g). Tratando “clasicamente” (es decir, se considera el proceso a orden arbol) la ecuacién
de Dirac, se llega a que el valor de g debe ser igual a 2. Sin embargo, al introducir el formalismo de la
teoria cuantica de campos, se deben considerar todos los posibles procesos que respeten los estados
iniciales y finales. Por ende, apareceran nuevas contribuciones a este valor (por eso el nombre de
“andmalo”). Ademas, estas nuevas contribuciones seran sensibles a las particulas que existen en la
naturaleza (incluyendo también particulas desconocidas).

En los dltimos afios se ha observado la existencia de discrepancias sutiles de los valores experimen-
tales de este observable (Colaboracién Muon g-2) con las predicciones tedricas (White Paper), lo cual
podria ser un indicio de fisica mas alla del Modelo Estandar. Adicionalmente a esto, colaboraciones
que emplean el uso de métodos computacionales tales como el Lattice QCD (Colaboraciéon BMW) o
mediciones experimentales en procesos de dispersion (Colaboracion CMD3) han llegado a resultados
que entran en conflicto con la misma prediccién del Modelo Estandar (White Paper), creando una
ambigiiedad teodrica.

ElModelo U (1), es un extension simple del Modelo Estandar mediante la adicién de un nuevo campo
de gauge asociado a una nueva simetria gauge. Este grupo de simetria cuenta inicamente con un
solo generador, por lo que sera similar al grupo de simetria U(1)y del Modelo Estandar. Ademas,
se supone un escenario para un fotén oscuro masivo en el cual los quarks y leptones conocidos no
poseen carga de U(1)4. Es decir, no existe una interaccion directa entre los fermiones del Modelo
Estandar y este foton oscuro.

En ese orden de ideas, este trabajo se centrd en las implicaciones que tiene el considerar un modelo
U(1)4 extendido en el contexto del momento magnético anémalo del muén. Es decir, se hizo el
célculo detallado de la contribucion asociada al nuevo campo procedente de la adicion del nuevo
grupo de simetria U(1),4 teniendo en cuenta todas las predicciones tedricas del Modelo Estandar
(White Paper, CMD3 y BMW) y se compararon estos resultados con la prediccion experimental de
la colaboraciéon Muon g-2. Donde, de esta comparacion, se podra obtener un analisis del qué tan
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restringidos estan los parametros del nuevo modelo (o qué tan viable es) para la debida concordancia
entre las predicciones tedricas y la medicién experimental.

Se espera que los resultados de esta investigacion proporcionen una comprensiéon
mas profunda de las posibles extensiones del Modelo Estandar y sus implicaciones en la fisica de
particulas, contribuyendo asi al avance del conocimiento en este campo.

Palabras clave: momento magnético anémalo, muén, Modelo Estandar, grupo de simetria, Muon

g-2.

Theory/Phenomenology / 34

Two loops scattering Amplitudes in the forward limit for gauge
theories

Author: Juan Camilo Guzman Martinez'

! Universidad Nacional de Colombia, sede Bogota
Corresponding Author: juacguzmanmar@unal.edu.co

Using the CHY formalism to calculate scattering amplitudes, we compute the two loop amplitudes
for Biadjoint scalar, pure Yang-Mills, pure Super Yang-Mills, pure Gravity and Supergravity in the
context of forward limit analyzing the behavior of the singularities and the connection with asymp-
totic symmetries.

LHC and Neutrino experiments / 35

Quantum tomography and entanglement of top quarks at the LHC
with the CMS experiment.

Authors: Andreas Werner Jung'; Andrew Wildridge'; Giulia Negro'; Juan Duarte'; Linggiang He'

! Purdue University (US)
Corresponding Author: juan.manuel.duarte.quiros@cern.ch

Quantum entanglement is one of the most famous and strange phenomena observed in quantum
systems. Going against classical intuition, entanglement and other correlation have been studied
widely by researchers mainly in low-energy systems (eV - MeV). The Large Hadron Collider (LHC)
provides a unique environment to test these quantum properties at the highest energy scales ever.
This can be done through the top quark-antiquark (tt) system produced at the LHC, since thanks
to the top’s large decay width, its spin information gets transferred to the angular distributions of
its decay products. In this work, we present some general aspects of quantum tomography in the tt
system (Phys. Rev. D 100, 072002) and recent results probing quantum entanglement between the
top quarks (arXiv:2406.03976) using data recorded by the Compact Muon Solenoid (CMS) detector
during the LHC Run II.

Beyond the Standard Model / 36

MODELOS 331 CON CARGAS ELECTRICAS EXOTICAS PARA f
=3
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Authors: EDUARD SUAREZ!; Eduardo Rojasz

' U de Narifio

? Universidad de Narifio.
Corresponding Author: esuareza@unal.edu.co

Los modelos 331 resultan de gran interés desde el punto de vista teérico y experimental, ya que
permiten explicar entre otras cosas la razon por la cual deben existir tres familias de fermiones en
la naturaleza y por otra parte tienen parametros experimentales que pueden acotarse en los aceler-
adores de particulas como el LHC. En general estos modelos son no universales y por lo tanto tienen
corrientes neutras con cambios de sabor (flavor changing neutral currents -FCNC) para los fermiones
del modelo, a diferencia de los modelo universales. Esta caracteristica los vuelve relevantes para el
estudio de la fenomenologia de la fisica del sabor. En particular estamos interesados en la clasifi-
cacion de todos los modelos 331 para el parametro 3 = /3 y en las restricciones experimentales
sobre estos. Encontramos varias soluciones donde ocurre cancelacién de anomalias entre fermiones
de diferentes familias, las cuales resultan de gran interés ya que generan bosones vectoriales neutros
pesados no universales. La no universalidad en las cargas de los fermiones del ME bajo un grupo
de simetria gauge adicional, generan violacién de la carga de sabor leptonica (CLFV) y corrientes
neutras con cambios de sabor (FCNC). Por tltimo discutimos bajo qué condiciones los nuevos mod-
elos pueden evadir las restricciones provenientes de estos procesos. Ademas, también reportamos
las cotas para el LHC.

Dark Matter / 38

A new scenario for singlet Dirac dark matter

None

Author: Carlos E. Yaguna

Corresponding Author: cyaguna@gmail.com

We propose a new and compact realization of singlet Dirac dark matter within the WIMP framework.
Our model replaces the standard Z_2 stabilizing symmetry with a Z_6, and uses spontaneous sym-
metry breaking to generate the dark matter mass, resulting in a much simplified scenario for Dirac
dark matter. Concretely, we extend the Standard Model (SM) with just two new particles, a Dirac
fermion (the dark matter) and a real scalar, both charged under the Z_6 symmetry. After acquiring a
vacuum expectation value, the scalar gives mass to the dark matter and mixes with the Higgs boson,
providing the link between the dark sector and the SM particles. With only four free parameters, this
new model is extremely simple and predictive. We study the dark matter density as a function of the
model’s free parameters and use a likelihood approach to determine its viable parameter space. Our
results demonstrate that the dark matter mass can be as large as 6 TeV while remaining consistent
with all known theoretical and experimental bounds. In addition, a large fraction of viable models
turns out to lie within the sensitivity of future direct detection experiments, furnishing a promising
way to test this appealing scenario.

Phenomenology / 39

Non Abelian Chern-Simons on the Null Plane

Author: German Ramos™™

Corresponding Author: gramoszge@gmail.com

We present a canonical quantization for Non abelian Chern-Simons on
the Null Plane coordinates using the Dirac procedure and the
Faddeev-Jackiw formalism. The constraint structure when using
null-plane coordinates is considered and the gauge conditions are
determined.
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Outreach / 40

Divulgacion Cientifica: una deuda atn pendiente

Author: Tomas Sosa Giraldo®

! Universidad de Antioquia
Corresponding Author: tomassosa.23@gmail.com

Esta charla se ve inspirada por la que ya hizo el afio pasado el profesor Jose David Ruiz, acerca de
Arte y Ciencia; y en la misma quisiera abordar el tema de la divulgacion cientifica, su importancia
y el rol que los profesores, investigadores y estudiantes jugamos en ella, por qué es importante y
qué proyectos de divulgacion existen a nivel nacional tanto en Fisica de Particulas, como en Fisica
en general. A su vez, me gustaria comentar mi experiencia en mi grupo de divulgacién, El Divul-
gatorio, el cual precisamente este mes va a llevar a cabo toda una programacion acerca de Fisica de
Particulas en conmemoracion de los 70 afios del CERN, esto dltimo en compaiiia del profesor Jose
David Ruiz.

Outreach / 41

PAST, PRESENT AND FUTURE OF THE NEW SCIENCE CENTER

Authors: Alberto Quijano Vodniza'; Karla Reyes'

! Universidad de Narifio
Corresponding Author: aquijanov@gmail.com

First, we present a summary of the current state of our Observatory. Secondly, I talk about the fu-
ture of our Astronomical and Space Sciences Center, looking forward to establishing international
links through agreements with important Astronomical Observatories of the World. Through our
dedicated work we have managed to participate in several international projects and also in sci-
entific meetings in different places over the world. We have got the International Code “H78”
from the “MINOR PLANET CENTER”of the USA, and our data also appears in “NEAR EARTH
OBJECTS-DYNAMIC SITE-NEODyS”. We belong to the “INTERNATIONAL ASTEROID WARN-
ING NETWORD -IAWN”. We have also participated in simulated collisions of Asteroids with Earth,
and in the international study of the Asteroid APOPHIS. We are currently building the new Center
for Astronomical and Space Sciences (project which was approved and financed by the government
of Colombia) that will have the following components: a professional Observatory equipped with
the largest telescope in Colombia (one meter in diameter), an amateur Observatory so that children
and adolescents in the region begin to work from an early age in the fascinating field of scientific
research, and a Planetarium. This Science Center will begin operating in October 2025.

Dark Matter / 42

Collider feasibility of the dynamical scotogenic model

Authors: Carlos Andres Florez Bustos'; Cristian Rodriguez’; Gustavo Ardila*; Maud SARAZINN°". Ogcar Zap-

at aNone

! Universidad de los Andes (CO)
% Universidad de los Andes
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Corresponding Author: ga.ardilal0@uniandes.edu.co

In this talk we will first introduce the dynamical scotogenic model, which extends the usual radiative
see-saw mechanism by one Z2 even scalar singlet that spontaneously breaks the U(1) lepton number
symmetry, and explain some details of its phenomenology, emphasizing in the scalar sector. Then,
we explain how this model can introduce neutrino masses compatible with the experimental obser-
vations, as well as two possible dark matter candidates in the scalar and fermion sector. After, we
make a brief analysis of the DM relic density for both candidates, as well as the scattering cross sec-
tion in comparison with experimental data from LUX-ZEPPLIN and XENON-1T. Finally, we explain
how the model can induce collider observable signatures in both channels, and make a production
cross section analysis in the context of the LHC.

LHC and Neutrino experiments / 43

Tau polarization in Z to ditau decays

Authors: Carlos Andres Florez Bustos'; Cristian Rodriguez?; Jose Antonio Reyes Vega'

! Universidad de los Andes (CO)
2 Universidad de los Andes

Corresponding Author: jose.antonio.reyes.vega@cern.ch

Taus are third-generation leptons with a short lifetime, and their decay products offer a unique op-
portunity: by analyzing the kinematic distributions of these products, it is possible to reconstruct
variables that reveal tau polarization. Polarization, which is directly linked to helicity, is a cru-
cial observable that distinguishes between right- and left-handed particles. Moreover, with other
observables, polarization information provides valuable insights into Z boson decays to ditau lep-
tons. Through angular momentum conservation, where the Z boson has a spin of one, the two taus
strongly correlate with specific helicity combinations. Therefore, studying tau decays allows us to
explore the electroweak sector in greater detail.

Polarization variables take advantage of the asymmetry between left- and right-handed tau decays,
and they can be used to increase sensitivity in searches for physics beyond the Standard Model,
offering a window to study the possible properties of new particles.

Dark Matter / 44

Effective Models for Scalar Dark Matter with 75, symmetries

Authors: Amalia Betancur Rodriguez'; Diego Restrepo Quintero?’; Simén Gonzalez Gémez?

! Universidad EIA

? Universidad de Antioquia
Corresponding Author: simon.gonzalezgl @udea.edu.co

We present single and multi-component scalar dark matter scenarios explored via effective operators
up to order 6. For this, we utilize the mathematica code Sym2Int and generate the relevant operators
of the Lagrangian up to the desired energy dimension. The operators are used as interaction inputs
for the mathematica package FeynRules to produce the model files necessary for the calculations of
dark matter observables with the code micrOmegas. Initially we consider the prospect of generating
the observed dark matter density for a single real or complex particle connected to the standard
model through effective operators. Later we consider a two-component scenario where the complex
and real dark matter fields are connected through operators introduced by some particular Zs,,
symmetry.
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LHC and Neutrino experiments / 45

Boosted VBF HH—4b HL-LHC projections

Author: Jose Alejandro Portela Robayo'

! Universidad Nacional de Colombia (CO)

Corresponding Author: jose.alejandro.portela.robayo@cern.ch

This work focuses on extrapolating the constraints for diHiggs (HH) within the future HL-LHC,
specifically targeting the boosted VBF (Vector Boson Fusion) topology. This production mode, while
having a lower production rate than ggF, is more sensitive to certain coupling modifiers such as
K, V.

Previous studies using Run 2 data have shown that the boosted analysis is more sensitive to this
modifier. This work aims to reproduce those results but for a scenario with higher luminosity and
collision energy (up to 3000 fb™*). Multiple scenarios are proposed, considering variations to the
group of systematic uncertainties.

As luminosity increases, seems that statistical uncertainties become less relevant, while systematic
uncertainties become dominant. Various scenarios are analyzed, ranging from maintaining the same
uncertainties as Run 2 to removing them completely. All of this is to analyze what new information
the improvements of the HL-LHC can bring.

Theory/Phenomenology / 46

Thermal and Magnetic Fluctuations in QED: Implications for Sym-
metry, Particle Mass, and Heavy-Ion Collisions

Author: Jorge David Castafio-Yepes'

Co-authors: Enrique Mufoz !. Juan Cristébal Rojas 2. Marcelo Loewe *

! Pontificia Universidad Catélica de Chile
% Universidad Catolica del Norte
* Pontificia Universidad Catolica de Chile

Corresponding Author: jcastano@uc.cl

In this talk, we present the implementation of the replica trick introduced by Parisi to incorporate
fluctuations of external fields into the QED Lagrangian. As a first approximation, we study how
magnetic and thermal fluctuations, described by white noise, induces effective interactions between
fermions, exploring the consequences in various scenarios. Specifically, we demonstrate that mag-
netic fluctuations, from the perspective of perturbation theory and effective action, break the U(1)
symmetry of QED. This results in surviving vector currents and the generation of an effective mag-
netic mass for photons. Furthermore, we show that magnetic fluctuations break spatial symmetries
in such a way that four fermion resonances, with their corresponding spectral widths, can be distin-
guished, leading to the propagation of four independent fermion quasi-particle modes. Additionally,
we compute the effects of magnetic fluctuations on photon and dilepton production during the ther-
malized stages of heavy-ion collisions. Finally, we report the implications of incorporating thermal
fluctuations in the Quark-Gluon Plasma (QGP) phase on the deconfinement temperature.

Astroparticles / 47

TBC
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Corresponding Author: chang.jung@stonybrook.edu

LHC and Neutrino experiments / 48

Pileup mitigation using topoclusters

Authors: Rafael Andrei Vinasco Soler'; Jad Mathieu Sardain®

! Universidad Nacional de Colombia (CO)
% University of Arizona (US)

Corresponding Author: rafael.andrei.vinasco.soler@cern.ch

Pileup mitigation is crucial for jet reconstruction and a crucial tool for improving many physical ob-
servables. This work uses graph neural networks and Topo-clusters information to create a classifier
of pileup clusters in the ATLAS experiment.

Dark Matter / 49

TBC

Corresponding Author: davidg.cerdeno@gmail.com

Hadron and Flavour Physics / 50

TBC

Corresponding Author: adnan.bashir@umich.mx

Hadron and Flavour Physics / 51

TBC

Corresponding Author: bennich@unifesp.br

Hadron and Flavour Physics / 52

Hadron spectroscopy in lattice QCD: basics and some recent de-
velopments

Lattice Quantum Chromodynamics (QCD) provides a non-perturbative approach to QCD from first
principles which has proven successful for the study of several physical quantities of interest, for
example the energy spectrum of mesons and baryons. It is a crossroads of particle physics, applied
mathematics and high performance computing: the numerical simulations performed often require
solving several linear systems to compute the quark propagator involving sparse yet extremely large
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matrices which depend on random variables that need to be efficiently sampled from a non-trivial
distribution dictated by the action of the theory of interest. Significant research has been focused on
fast solvers for such linear systems to be used in supercomputers, efficient sampling of the distribu-
tions and improved actions that define the theory on a lattice, among many other topics of interest.
State-of-the-art methods are being used to study exotic states of great theoretical and experimental
interest, such as glueballs, hybrid mesons with gluonic excitations or states with quantum numbers
not allowed in the conventional quark model. To understand how this is done, this talk will focus on
a particular area of lattice QCD: hadron spectroscopy. Here we calculate the spectrum of the energy
eigenstates of the theory (mesons, baryons, etc...) by means of Monte Carlo averages over random
variables which represent the gluon background. Starting with a short introduction to some widely
used methods, including how to build creation operators for the different states, we will see how we
can use and improve them to map out the low-lying meson spectrum while at the same time look
for the predicted-but-not-yet-found scalar glueball.

LHC and Neutrino experiments / 53

TBC

Corresponding Author: damartin83@gmail.com

LHC and Neutrino experiments / 54

Soft QCD, diffraction and exclusivity at high-energy collisions

Corresponding Author: marek.tasevsky@cern.ch

LHC and Neutrino experiments / 55

TBC

Corresponding Author: josed.ruiz@udea.edu.co

Theory/Phenomenology / 56

TBC

Corresponding Author: myriam@fisica.unam.mx

Beyond the Standard Model / 57

TBC

Corresponding Author: william.ponce@udea.edu.co

Page 19



9th ComHEP: Colombian Meeting on High Energy Physics / Book of Abstracts

Astroparticles / 58

Analisis de las oscilaciones de sabor de neutrinos en el medio
denso de una supernova tipo colapso de nucleo

Author: Santiago Ortiz'

! Universidad del Quindio
Corresponding Author: sortizg_3@uqvirtual.edu.co

Esta investigaci'on se enfoca en estudiar ¢’omo las propiedades de los neutrinos se ven afectadas
en una supernova de tipo colapso de n'ucleo. El estudio se centrar’a en determinar la variaci'on del
flujo de neutrinos producidos durante el colapso debido a su propagaci’on a trav'es del medio mate-
rial,

calcular el flujo de neutrinos esperado al llegar a la Tierra y analizar los cambios en los’angulos de
mezcla y las diferencias de masa efectiva bajo diferentes condiciones de densidad. La investigaci'on
proporcionar a una comprensi on fundamental sobre ¢ omo las propiedades de los neutrinos cambian
en una regi’'on de alta densidad de materia. Se utilizar’a un enfoque te’orico y computacional, ha-
ciendo

uso del software proporcionado por SNEWS, bas'andose en diversos modelos y ¢ alculos presentados
en estudios previos.

Astroparticles / 59

Neutrinos en el universo: determinacion de un limite superior
para la masa total de los neutrinos a partir de observables cos-
molégicos

Author: Jaider Stiven Rodriguez Villanueva'

Co-author: Victor Saul Basto Gonzalez !

! Universidad del Quindio
Corresponding Author: jaiders.rodriguezv@ugqvirtual.edu.co

Los resultados experimentales obtenidos en el ultimo siglo proporcionan evidencia de
que las masas de los neutrinos son distintas de cero, pero no permiten determinar la
escala de estas masas. Debido a la influencia de los neutrinos en distintos

observables cosmoldgicos, como las fluctuaciones de densidad de materia en el
universo, es posible obtener informacién complementaria sobre sus masas a partir de
estos observables. Este estudio establece un limite superior sobre la masa total de

los neutrinos. Para ello, utilizamos el software CAMB, una herramienta de codigo
abierto que genera el espectro de potencia a partir de los pardmetros del modelo
cosmoldgico, con el fin de encontrar el mejor ajuste de la masa total de los neutrinos
para los valores de HO y 68

Beyond the Standard Model / 60

Closure

Corresponding Author: carlos.sandoval@cern.ch
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Astroparticles / 61

Opening

Corresponding Author: eduro4000@gmail.com

Beyond the Standard Model / 62

QUARK MIXING MODEL WITH S3 MODULAR SYMMETRY AND
3 HIGGS DOUBLETS

Author: Carlos Ceron'

Co-author: Myriam Mondragon

! UNAM

Corresponding Author: carlosceron@estudiantes.fisica.unam.mx

An open problem that the Standard Model does not solve is about the ori-
gin of the mass hierarchy among fermions. Different alternatives have been

proposed by adding extra groups to the Gauge group of the Standard Model or
by building hybrid models with some of them. It has been shown that the S3
symmetry has given good results if, in addition, three Higgs doublets with their
invariant potential of S3 are introduced. However, when taking into account
the minimization conditions of the Higgs potential, the resulting matrix VCKM
exhibits a residual symmetry with zeros in some entries. Following the success
of S3, an extension of the Standard Model is proposed by means of the same

group, but obtained from modular symmetry. In doing so, certain special func-
tions known as modular forms are taken into account, which have a particular

transformation under the application of the modular group. By considering a
modular symmetry, it is possible to assign to the quark fields and Higgs fields

a new quantity known as the modular weight which, together with the symme-
try of S3, produces new constraints on the way the Yukawa sector Lagrangian

is built and hence the couplings, which will be in terms of modular forms. A
proper assignment of the quark and Higgs fields in S3 and their modular weights
allows a mass matrix with texture zeros to be written. When calculating the
elements of the quark mixing matrix VCKM, it is found that, indeed, the VCKM
matrix does not exhibit zeros in any of its inputs and they are comparable to

the data provided by the PDG.

63

Estudio de la alta multiplicidad de jets de bajo pt en la produc-
cion del boson Z’ y su posible correccién mediante algoritmos de
agrupamiento

Authors: José David Ruiz Alvarez'; Juan Camilo Bermudez Betancourt’; Juan esteban Ospina Holguin®

! Universidad de Antioquia
% Universidad del Cauca
* Universidad de Antioquia (CO)
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Corresponding Authors: juan.esteban.ospina.holguin@cern.ch, juanbermudez@unicauca.edu.co

Este estudio aborda la produccién del bosén Z’ en un modelo simplificado que extiende el Modelo
Estandar mediante la incorporacién de una simetria local U(1)x. Nos centramos en el proceso de
colisién p p ->Z’->b bbar, donde se espera observar la emisién de dos jets. Sin embargo, las simula-
ciones iniciales revelaron un exceso de jets en comparacion con las expectativas tedricas. Para corre-
gir esta discrepancia, se propone un algoritmo que agrupa jets cercanos en el espacio fase utilizando
un criterio basado en una pequena distancia angular (AR). Actualmente, el estudio se encuentra en
desarrollo con resultados preliminares que indican una posible reducciéon del nimero de jets por
evento, acercandose a las predicciones del modelo.

64

Determinacion de la constante de Hubble mediante el analisis de
la diferencia del tiempo de atraso entre las imagenes del sistema

lente gravitacional PG 1115+080.

Author: Maderli Selena Toro Garcia'

! Universidad de Narifio
Corresponding Author: maderliselenatoro@gmail.com

La determinacion de la constante de Hubble (Ho) es de gran importancia en la cosmologia debido a
que esta relacionada con la tasa de expansion del universo y su edad. En general existen dos métodos
para su medicion, uno en el que los valores de Ho se obtienen a partir de la escala de distancia local
y otro a partir de medidas indirectas hechas por medio de observaciones del universo primitivo
mediante el Fondo Césmico de Microondas (CMB, por sus siglas en inglés). En el presente trabajo
se explorara la importancia de la apliacacién de las lentes gravitacionales en la determinacion de la
constante de Hubble a partir del estudio de la funcion tiempo de atraso del sistema lente gravitacional
PG 1115+080; este enfoque pertenece al primer método mencionado.

65

Late time cosmological evolution generated by a f(Q) modified
gravity model

Author: Ivan R. Visquez'
Co-author: Alexander Oliveros '
' Universidad del Atlantico
Corresponding Author: itsivanvasquez@gmail.com

In this work we perform a late time cosmological analysis based on a f(Q) modified gravity theo-
ries. Starting from a functional form for f(Q) worked out by one of the authors [arXiv:2311.01857
[astro-ph.CO]], we obtain approximate analytical solutions for the Hubble parameter for different
parameters of the model. Using H(z) we perform late time cosmological analysis by exploring the
behaviour of classical energy conditions, a stastefinder analysis and impact matter density perturba-
tions.

66
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El Laboratorio Andante: "Curiosidad Cientifica y construccion de

»

paz

Authors: ESTEFANIA ZAPATA VALDERRAMA'; Santiago Herrera Guzman'

! Estudiante
Corresponding Authors: estefania.zapata2@udea.edu.co, santiago.herreragl@udea.edu.co

El proyecto “El Laboratorio Andante” tiene como objetivo llevar la comunicacion cientifica a comu-
nidades alejadas, donde el acceso a la ciencia es limitado. A través de talleres vivenciales en areas
como tecnologia, quimica y astrofisica, se busca fomentar el aprendizaje creativo en nifios y adultos,
generando interés por la ciencia y utilizdndola como una herramienta para la construccion de paz.
Este enfoque resalta la ciencia como un recurso valioso para el desarrollo personal y comunitario,
democratizando el conocimiento y abriendo nuevas oportunidades.

Ademas, trabajamos con personas firmantes de paz y sus familias, creando un espacio inclusivo que
promueve la reintegracion y la cohesion social. Al fortalecer los lazos comunitarios y desarrollar ha-
bilidades practicas, el proyecto contribuye al bienestar de los participantes y de su entorno. Gracias
a alianzas estratégicas con la Agencia para la Reincorporacién y Normalizaciéon (ARN), la Misién de
Verificacién de las Naciones Unidas y la Universidad de Antioquia, “El Laboratorio Andante” inspira
a futuras generaciones y establece la ciencia como una herramienta clave para el desarrollo social y
la construccién de paz, generando un impacto positivo en la sociedad.

67

Private Signal Generation in the Search for New Physics in the
lepton, b-jet and missing energy signature at the CMS experiment

Authors: Cesar Rendon Hinestroza'; Jose Ruiz'; Santiago Galvis Duque’
! Universidad de Antioquia (CO)
% University of Antioquia
Corresponding Author: santiago.galvis.duque@cern.ch
Based on studies made in this work https://arxiv.org/abs/2211.05738 they have shown the possibility
to find new physics related with a charged boson W’in the final state of a lepton, b-jet and missing
energy in the events of proton-proton collisions in the LHC, collected by the CMS experiment. In
this sense, the experimental search is relevant in front of the possible connections with anomalies

in the quark b sector that have been measured by other experiments. In this work we present the
Monte Carlo signal generation for a process related to W'production with different masses for a final

state with a lepton, b-jet and missing energy.

68

Transporte Fotoelectronico en Puntos Cuanticos Semiconductores

Author: Jhon Alejandro Andrade Hoyos'

Co-author: LUISA MARINA ORDONEZ BRAVO '

! Universidad del Cauca
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Corresponding Author: luisamordonez@unicauca.edu.co

La tecnologia actual depende del transistor, cuya funcion es clave para fabricar dispositivos como
procesadores y memorias. La ley de Moore establece que el numero de transistores se duplicaria
cada dos afios, lo que aumenta la densidad de corriente y genera mayores temperaturas, afectando la
eficiencia energética. A medida que los transistores se reducen a tamarios de orden de los angstroms,
los efectos cuanticos comienzan a influir en su funcionamiento.

Este proyecto se centra en el estudio del transporte electronico en un punto cuéntico (PC), con-
siderando la interaccién con un fotén de polarizacién 1 (polarizacién circular a la izquierda) den-
tro de una cavidad de electrodindmica cuantica. El punto cuantico esta conectado a dos contactos
metalicos, y su comportamiento se analiza usando dos hamiltonianos: el de Jaynes-Cummings, que
describe la interaccién entre el PC y el fotén, y el hamiltoniano de Tight Binding, que describe el
acoplamiento de los electrones del PC con los contactos.

Se usa un toy model para describir los electrones en los contactos (un nivel efectivo sin repulsiéon
coulombiana entre electrones) y nos enfocamos en el subespacio de momento angular total de 3/2.
Usando simetrias, el Hamiltoniano se puede reducir a una matriz de 6X6, la cual se diagonaliza para
diferentes valores de la energia del PC (variado por un voltaje externo) y asi obtenemos el espectro
de energias del sistema [4]. Este espectro es comparado con la solucion del sistema sin los contactos
metalicos, y también sin la interaccién de la luz, para analizar la relevancia de estas interacciones
en el sistema. Las zonas de fluctuaciones de carga en el PC, son de vital importancia para que el
transporte desde un contacto a otro sea viable.

Se espera que los resultados del proyecto demuestren que el transporte de electrones puede ser
controlado mediante la incidencia de fotones, lo que reduciria las pérdidas de energia y el calor en
transistores cuanticos. Los resultados esperados para diciembre es la probabilidad de transicion sin
voltaje entre los contactos.

69

Discrete symmetries and the search for physics beyond the stan-
dard model.

Author: Juan Camilo Acosta’
Co-author: Carlos Vera !
! Universidad del Tolima
Corresponding Author: jcacostag@ut.edu.co

Discrete symmetries play a fundamental role in the search for physics beyond the standard model.
They offer a unique opportunity to explore new theoretical and experimental dimensions, and could
be the key to solve some of the most profound mysteries in modern physics, such as dark matter and
dark energy.

70

Formulacion de Hamilton-Jacobi para la ecuacion de Proca

Author: Juan Felipe Portillo Zambrano'

' Universidad de Narifio
Corresponding Author: juanfepz@gmail.com
En este trabajo se aplica la formulacién de Hamilton-Jacobi al campo de Proca, tanto para campos

reales como complejos. La ecuacion de Proca, una extension de las ecuaciones de Maxwell, describe
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el comportamiento de particulas bosénicas masivas. Este estudio busca proporcionar una descrip-
cion alternativa a la teoria candnica tradicional mediante el uso del formalismo de Hamilton-Jacobi.
Se han derivado las condiciones de integrabilidad, las ecuaciones caracteristicas y se han construido
corchetes generalizados para ambos tipos de campo. Ademas, se exploran las implicaciones de in-
troducir una simetria de gauge local, lo cual ofrece una comprensiéon mas profunda de la dindmica
de los campos bosoénicos. Los resultados confirman que la formulacién de Hamilton-Jacobi es una
herramienta efectiva para analizar y comprender la dindmica de los campos de Proca, validando su
equivalencia con el enfoque canénico y ampliando el conocimiento en este campo.

71

Investigating Resonant Higgs Signatures in the Context of a Two
Higgs Doublet Model (2HDM)

Author: Yithsbey Giraldo Usuga'

Co-authors: Eduardo Rojas ; Oscar Rodriguez *; Richard Benavides *; WILLIAM ANTONIO PONCE GUTIER-
REZ

! Universidad de Narifio
% Universidad de Narifio.
* Universidad de Antioquia

* Instituto Tecnolégico Metropolitano, ITM
Corresponding Author: yithsbey@gmail.com

In this study, we investigate Higgs-like resonant signals and recent anomalies found in searches
for high-mass scalar resonances at the LHC. We propose a Two-Higgs-Doublet Model (2HDM) as
a natural extension of the Standard Model to account for these phenomena, incorporating a scalar
singlet for additional flexibility. The model’s Higgs sector consists of two CP-odd bosons and one
charged scalar boson, resulting in three CP-even scalar bosons, one CP-odd scalar, and one charged
scalar. Our analysis focuses on determining the masses of these particles and comparing them with
reported experimental anomalies. Among the key findings, we identify a light neutral scalar with
a mass around 95 GeV and a charged Higgs close to 130 GeV. Furthermore, we explore scalar reso-
nances decaying into photon pairs with masses of about 95 GeV and 152 GeV, as well as an excess
in diboson events at 680 GeV observed by CMS. We consider two possible charge configurations
for the scalar singlet, leading to distinct cubic or quartic couplings in the scalar sector. Through an
exploration of the scalar potential and parameter space, we align the predicted masses with the ob-
served anomalies. We find that the 95 GeV scalar fits well with the lightest CP-even Higgs, while the
charged Higgs at 130 GeV also falls within our model’s predictions. Our results show strong agree-
ment between these experimental excesses and regions of high solution density in our theoretical
framework.

72

]ESQtIIljllio de anomalias en decaimientos del meson B considerando

Authors: Javier Orlando Rondon Tovar'; Jose Herman Muifioz Nung02; Nestor Hernando Quintero Poveda?; Jose
Miguel Cabarcas Bolafios®

! Estudiante

2 Profesor

Corresponding Author: javierrondont@gmail.com
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En este trabajo se analiza el modelo de nueva fisica conocido como leptoquark (LQ) vectorial U1(3, 1,
2/3), para explicar las anomalias reportadas, en la ultima década, en varios observables asociados a
corrientes cargadas y neutras del meson B, y al momento magnético del muén. Para este fin se reviso
el espacio paramétrico, considerando las restricciones establecidas por los valores mas recientes de
los experimentos CMS y ATLAS del LHC, y las condiciones impuestas por los valores experimentales
de observables de sabor relacionadas con el mesén B .

73

Multi-component secluded WIMP dark matter and Dirac neutrino
masse

Author: ANDRES FELIPE RIVERA ROMERO™"

Co-authors: David Suarez '; Diego Restrepo '

! Universidad de Antioquia
Corresponding Author: afelipe.rivera@udea.edu.co

Scenarios for secluded WIMP dark matter models have been extensively studied in simplified
versions. This paper shows a complete UV realization of a secluded WIMP dark matter model

with an extra Abelian gauge symmetry that includes two-component dark matter candidates,
where the dark-matter conversion process plays a significant role in determining the relic density
in the Universe. The model generates a Dirac mass term for neutrinos and can be tested in future
direct detection experiments of dark matter. The model is also compatible with cosmological and
theoretical constraints, including the branching ratio of SM into invisible, Big Bang nucleosynthesis
restrictions, and the number of relativistic degrees of freedom in the early universe, even without
kinetic mixing,.

74

New physics through polarized observables

Authors: Alan Ignacio Hernandez!; Ricardo Gaitan Lozano®

' FESC-UNAM

% Universidad Nacional Auténoma de México
Corresponding Author: alaban7@gmail.com

At the ATLAS, CMS, and LHCb collaborations, the study of polarizations of gauge bosons is of great
interest. This work studies the effects of CP violation and complex anomalous couplings on polarized
observables that can be observed at the LHC. In particular, pairs of gauge bosons in the final state
are sensitive to these effects. We find that new left-right asymmetries can be defined, which are zero
in the SM. Furthermore, some angular polarized observables are sensitive to the CP violation and
are considered in this study:.

75

Soluciones Periodicas al Problema de los Tres Cuerpos

Authors: Haider Pazos™*"; Jorge Lopez'; Neider Benavides'
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! Universidad de Narifio
Corresponding Authors: neiderbenavides33@gmail.com, haiderpazos@gmail.com

En este trabajo presentamos la solucion numérica al problema de los tres cuerpos
en un plano, haciendo énfasis en los casos en que se obtienen soluciones
periddicas. Para este propdsito usamos un método de Runge-Kutta de cuarto
orden y nos apoyamos en el lenguaje Python, tanto para el desarrollo numérico
como la ilustracion de dichas soluciones. Desde Leonard Euler, en 1767 hasta
nuestros dias, se han estudiado analitica y numéricamente distintas soluciones
periddicas, las cuales nos permiten tener alguna comprensioén del problema de los
tres cuerpos que es inherentemente cadtico y para el cual atin no se dispone de
una solucién analitica. Los resultados obtenidos estan acordes con lo reportado en
la literatura.

76

Soluciones Periodicas al Problema de los Tres Cuerpos

Authors: Haider Pazosl;]orge Lépezl; Neider Benavides!

! Universidad de Narifio
Corresponding Authors: neiderbenavides33@gmail.com, haiderpazos@gmail.com

un plano, haciendo énfasis en los casos en que se obtienen soluciones periddicas. Para este proposito
usamos un método de Runge-Kutta de cuarto orden y nos apoyamos en el lenguaje Python, tanto para
el desarrollo numérico como la ilustracion de dichas soluciones. Desde Leonard Euler, en 1767 hasta
nuestros dias, se han estudiado analitica y numéricamente distintas soluciones periddicas, las cuales
nos permiten tener alguna comprension del problema de los tres cuerpos que es inherentemente
cadtico y para el cual ain no se dispone de una solucién analitica. Los resultados obtenidos estan
acordes con lo reportado en la literatura.

77

Soluciones Periodicas al Problema de los Tres Cuerpos

Authors: Haider Pazos'; Jorge Lopez*"; Neider Benavides’

! Universidad de Narifio
Corresponding Authors: neiderbenavides33@gmail.com, haiderpazos@gmail.com

En este trabajo presentamos la solucién numérica al problema de los tres cuerpos
en un plano, haciendo énfasis en los casos en que se obtienen soluciones
periddicas. Para este propdsito usamos un método de Runge-Kutta de cuarto
orden y nos apoyamos en el lenguaje Python, tanto para el desarrollo numérico
como la ilustracién de dichas soluciones. Desde Leonard Euler, en 1767 hasta
nuestros dias, se han estudiado analitica y numéricamente distintas soluciones
periddicas, las cuales nos permiten tener alguna comprension del problema de los
tres cuerpos que es inherentemente cadtico y para el cual aun no se dispone de
una solucion analitica. Los resultados obtenidos estan acordes con lo reportado en
la literatura.

78
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Study of Sterile Neutrinos in Extensions of the Standard Model
of Elementary Particle Physics

Author: Nataly Almanza™°™

Corresponding Author: u20202191875@usco.edu.co

The observation of neutrino oscillations provides compelling evidence that neutrinos are massive, a
property not accounted for in the Standard Model (SM) formulation. This motivates the inclusion
of sterile neutrinos: fermions that are singlets under SU(3)¢ x SU(2)r, x U(1)y and interact
only through mixing with active neutrinos or gravitational couplings. Sterile neutrinos provide
a promising framework to explain neutrino masses via Dirac or Majorana terms and address key
open questions such as anomalies in short-baseline experiments, the nature of dark matter, and
leptogenesis.

This study conducts a phenomenological analysis of models extending the leptonic sector with sterile
neutrinos. Experimental oscillation data will constrain the parameters of the effective mass matrix
and assess active-sterile mixing. The impact of these mixings on oscillation probabilities, mixing
angles, and unitarity violations in the extended PMNS matrix will be evaluated. Possible signals of
light and heavy sterile neutrinos will also be explored in current experiments like DUNE and JUNO,
and future colliders.

Finally, the decay widths of heavy sterile neutrinos will be calculated to characterize their decay
channels and assess their detectability. This framework aims to guide both data interpretation and
experimental strategies in the search for new physics beyond the SM.

79

Generacion de masa de los neutrinos en un modelo de nueva fisica

Author: Juan Esteban Polania Davila'

Co-author: Brayan Felipe Herran Garzén '

! Universidad Surcolombiana
Corresponding Authors: u20191176290@usco.edu.co, u20211196478@usco.edu.co

El descubrimiento de los neutrinos masivos plantea un desafio al Modelo Estandar de particulas,
ya que este no provee un mecanismo natural para la generaciéon de masas de estos fermiones. Este
trabajo se enfoca en el estudio del mecanismo seesaw tipo 1 como una extension viable que per-
mite introducir términos de masa tanto de Dirac como de Majorana para los neutrinos, explorando
asi la posibilidad de nueva fisica mas alla del Modelo Estandar. El objetivo principal es analizar la
generacion de masas de los neutrinos, aplicando restricciones sobre la matriz de masa utilizando
datos de oscilaciones de neutrinos. Asimismo, se estudiaran las mezclas entre los neutrinos estandar
y nuevos estados masivos, evaluando las modificaciones sobre observables y las sefales experimen-
tales de estos nuevos neutrinos en colisionadores y experimentos de deteccion directa. Se espera que
este estudio proporcione indicios sobre la deteccién de neutrinos pesados y ligeros, contribuyendo a
la comprension de las masas de los neutrinos en el contexto de modelos més alla del Modelo Estan-
dar.

81

Eguchi-Hanson Spacetime: Gravitational Instantons, Physical In-
terpretation, and Quantum Gravity Measurements

Author: JUAN DAVID PLAZAS PARDO'
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Corresponding Author: u20211195767@usco.edu.co

Instantons are Euclidean solutions of the Yang-Mills equations of motion, whose existence has been
fundamental for the study of quantum chromodynamics. These solutions allow us to explore quan-
tum tunneling and vacuum transitions in gauge theories. In 1978, Eguchi and Hanson proposed a
particular type of space-time, which introduced a new way of interpreting instantons in a gravita-
tional context. This development has opened the door for the study of quantum effects in gravity
and has become an important step in the formulation of modern theories of quantum gravity. An
approach to the physical interpretation of the results of gravitational instanton theory using general
relativity and quantum mechanical techniques will be presented.

82

Produccion y Emision de Radiacion Térmica en Colisiones de Iones
Pesados: Estudio del Plasma de Quarks y Gluones (QGP)

Author: LEE JOEL RIVERA GUZMAN'

Co-author: FARID LARA RODRIGUEZ !

! Universidad Surcolombiana
Corresponding Author: u20202191293@usco.edu.co

En esta presentacion, abordaremos la produccién y emisién de radiacién térmica en colisiones de
iones pesados, y se discutiran los métodos de medicién utilizados en el estudio del plasma de quarks
y gluones. Introduciremos las caracteristicas del QGP, un estado de la materia creado en los coli-
sionadores LHC y RHIC que alcanza temperaturas y densidades extremas comparables al universo
primitivo. La radiacion térmica, radiada en fotones y di leptones, proporciona una fotografia directa
del QGP, ya que interactuan débilmente con el plasma que transporta datos cruciales sobre temper-
atura, densidad y fenomenologia de viscosidad, los cuales mediante técnicas de deteccién avanzadas
y analisis de alta precision, se han caracterizado estos parametros demostrando un comportamiento
de fluido casi perfecto. Finalmente, abordaremos las perspectivas futuras en la mejora de técnicas
de deteccién y su impacto en la comprension de la en condiciones extremas.

83

Calculo de la entropia de Bekenstein-Hawking para agujeros ne-
gros supersimetricos en teoria de cuerdas.
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Hasta la fecha, la teoria de cuerdas es el candidato mas prometedor para convertirse en una teoria
de gravedad cuantica. En particular, trabajos de Strominger, Vafa y Maldacena han demostrado
que, en ciertas compactificaciones de esta teoria, es posible construir un modelo de agujero negro
cuantico en el que se puede contar el numero de microestados. Esto se logra utilizando el hecho
de que la funcién de particiéon de estos ensambles se expresa como una combinacién de formas
modulares bien conocidas. Mi trabajo se centra en el calculo de microestados BPS para un agujero
negro cuantico supersimétrico en la teoria de cuerdas tipo IIB, compactificada en un 6-toro, utilizando
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las propiedades de las funciones modulares, siguiendo los avances realizados por Strominger, Vafa
y Maldacena. Posteriormente, se analiza

la entropia asociada a este conjunto de microestados y se compara con la entropia de Bekenstein-
Hawking del agujero negro correspondiente.
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En este trabajo, se realiza una revisién de una deduccién general de las ecuaciones de evolucioén para
la densidad de materia oscura partiendo del operador de Liouville y la ecuacién de Boltzmann. Este
enfoque permitira obtener la evolucién de la densidad de particulas en el universo temprano, lo cual
es fundamental para entender cémo la materia oscura no ordinaria (es decir, aquella no predicha por
el modelo estandar) ha evolucionado hasta su distribucién actual, utilizando el mecanismo del Freeze
Out. Una vez derivadas estas ecuaciones, se aplicaran a un modelo especifico de particulas para ex-
plorar su viabilidad como candidato para describir la naturaleza de la materia oscura. El modelo a
estudiar es una extension U(1) {Lmu-Ltau} del modelo estandar que introduce una nueva interaccion
entre leptones, basada en la diferencia entre los niimeros leptonicos de los muones y los tauones. La
importancia del modelo U(1){Lmu-Ltau} radica en su capacidad para explicar ciertas anomalias obser-
vadas en experimentos de fisica de particulas, como el

momento magnético anémalo del muén. Ademas, este modelo permite la descripciéon de materia os-
cura, ya que introduce un boson gauge adicional que puede servir como mediador entre una particula
de materia oscura y el sector visible, proporcionando una posible explicacién para la estabilidad y
abundancia de la materia oscura en el universo actual.
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El método de bootstrapping en mecénica cuantica ha ganado relevancia como técnica numérica para
determinar espectros energéticos de sistemas cuanticos. A partir del conocimiento del potencial em-
pleado y la implementacién de identidades especificas, este método permite obtener relaciones de re-
cursion que facilitan la determinacion del espectro del sistema en cuestiéon. En este trabajo se presen-
tan espectros de potenciales conocidos, como el potencial de Coulomb, el oscilador anarmonico, entre
otros. Con el fin de ilustrar la eficacia de la técnica de bootstrapping en diferentes contextos.
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In this study, we explore the formalisms of quantum field theory to understand the matter-antimatter
asymmetry in a new physics scenario. According to the Sakharov conditions, we focus on CP sym-
metry violation and out-of-equilibrium dynamics.

In particular, we show the relevance of the one-loop radiative corrections in generating a net baryon
number. To exemplify this mechanism, we study a simple model that explains baryogenesis and lep-
togenesis in the early universe by introducing a heavy scalar boson. Finally, we adjust the model
parameters to satisfy the experimental and cosmological constraints.

As a supplement, we also review the Boltzmann equation formalism in a very comprehensive way.
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In this paper there is the study of the abelian gauge theories of Chern-Simons and Maxwell-Chern
Simons. The Hamilton-Jacobi method was used for the analysis.
In this theory, the local gauge symmetry of the theory it is presented as the existence of constraints
that restrict the phase space, these constraints are interpreted as partial differential equations that
must comply with the integrability conditions. With these conditions there is the rise of a new set
of partial differential equations and along with the initial conditions completes the set of Hamilton-
Jacobi’s partial differential equations (HJPDE’s). Solving the HJPDE’s involves determining their

characteristic equations which establishes the degrees of freedom of the theory. From the funda-
mental fields, the field equations consistent with other formulations are deduced.
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The Yang-Mills theory is a non-abelian gauge theory that describes the fundamental forces of the
standard model. The gauge nature of free non-Abelian Yang-Mills gauge theories for symmetry
groups SU(N) is analyzed in this work using the Hamilton-Jacobi formulation of Carathéodory equiv-
alent Lagrangians. The gauge symmetry of the theory is implied by the presence of constraints,
which are restrictions on dynamic variables of the system and are interpreted as partial differen-
tial equations (PDEs). These equations must satisfy integrability conditions by being involutive in
order to ensure that the system is solvable, which gives rise to a new set of PDEs, which together
with the initial ones, constitute the complete set of Hamilton-Jacobi partial differential equations
(HJ-PDEs). The set of HJ-PDE:s is solved using the Cauchy characteristic equations method, which
allows finding the system’s equations of motion. The Hamilton-Jacobi equations allow identifying
the degrees of freedom of the theory and the associated field equations, which are consistent with
other theories. In addition, gauge conditions are implemented, which are additional constraints on
gauge fields that uniquely fix their value at each point in spacetime, to eliminate arbitrariness in the
equations of motion generated by indeterminate parameters.
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