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CONTEXT
The Pierre Auger Observatory detects cosmic

rays indirectly by observing the particle
showers they create when colliding with the

atmosphere. It uses two complementary
techniques: a network of over 1,600 surface

detectors (water tanks that record Cherenkov
light produced by passing particles) and
fluorescence telescopes that capture the

faint light emitted by excited air molecules
during the shower’s development. This

combination allows precise reconstruction of
the cosmic rays’ energy and incoming

direction.



ANDES

The ANDES Underground Laboratory is being planned and designed to be one
of the largest and most shielded laboratories in the Southern Hemisphere,

which will be located in the Andes Range, in the area of the current Paso Agua
Negra that connects the provinces of San Juan (Argentina) and Elqui (Chile).

The diversity of experiments that are being planned, including experiments for
the direct and indirect search of dark matter and neutrino precision physics,
requires a precise knowledge of the flux of high-energy atmospheric muons

within the laboratory.

CONTEXT



SPECIFIC OBJECTIVES
In the context of these two major projects, the specific objective of this

Thesis Plan is the design, development, and calibration of a new

readout electronics system for photon detection in scintillation

modules for both types of muon detectors mentioned above. In

particular, the work focuses on the synchronization, data acquisition,

and storage system (digital Back-End), employing one or more

customized Application-Specific Integrated Circuits (ASICs)

specifically designed for this application.



STAGES 
OF THE READOUT OF ULTRA HIGH SPEAD SENSORS

Postprocessing MODULE

1 . COMMUNICATION UPDATE
2. CLOCK SYNCHRONIZATION LINE.
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ACQUISITION SYSTEM REQUIREMENTS

FUNCTIONAL REQUIREMENTS
1.Convert LVDS signals to single-ended.

2.Deserialize incoming data into 64-bit words.
3.Store data using DMA channels.
4.Add headers and format data streams.
5. Transmit data over TCP/IP to a remote client.
6.Provide a UART and TCP-based menu for system and chip configuration.
7.Configure the chip via I²C through the TCA6416 expander.
8.Display configuration bus values for verification.
9.Allow independent reset of internal modules.

10.Capture event-triggered data windows (512 samples before and after the trigger) with a second DMA for
offline analysis.

1.Support input data rates up to 160 MHz without data loss.
2.Ensure reliable TCP/IP transmission with data integrity.
3.Provide clear and user-friendly UART interface.
4.Guarantee safe reset of modules without affecting others.
5.Maintain consistent 64-bit word formatting across acquisition, transmission, and decoding.

NON-FUNCTIONAL REQUIREMENTS
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IMPLEMENTED DESIGN READOUT

LAST CORRECTION/UPDATE

MUON
COINCIDENCE

DETECTOR
PHOTO IN HD

(PUT HERE)



POST-PROCESSING REQUIREMENTS

FUNCTIONAL REQUIREMENTS
1.Receive raw data files in .bin (Hexadecimal format) from the Zynq system.

2.Decode binary data into pixel matrix format (rows × columns) according to the addressing scheme defined
by the acquisition system.

3.Reconstruct image frames from the decoded pixel matrix.
4.Analyze pixel intensity values across the frame.
5. Identify and mark pixels related to detected events of interest.
6.Store processed and annotated data into a structured database for later retrieval and analysis.

1.Ensure decoding is fully compatible with the Zynq data output format.
2.The matrix reconstruction must preserve spatial alignment (row/column consistency).
3.Post-processing must handle large data files efficiently (scalability).
4. The database must support queries for event-based retrieval.
5.Ensure reproducibility: same .bin input must always generate the same decoded and processed output.

NON-FUNCTIONAL REQUIREMENTS
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Telecommunications engineer and PhD in Engineering
from the Universidad Nacional del Sur, with expertise
in high-speed communications, microelectronics, and
advanced signal processing. He has contributed to
academic, industrial, and space technology projects,
and currently works as a radio ASIC system designer
at Ericsson, developing components for 5G mmWave
platforms.

The main objective of this work is to
design and implement a lightweight
convolutional neural network (CNN)

optimized for real-time image
classification, whose filter–polynomial-
like structure allows deployment on any
digital system, from low-cost FPGAs to

SoMs, SoCs, and ASICs
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Physicist with a PhD from the University of
Buenos Aires, specializing in nuclear science
and its applications to health. At the National
Atomic Energy Commission (CNEA), he leads
research and international collaborations in
advanced cancer therapies, including BNCT
and proton therapy. 

PRINCIPLES AND APPLICATIONS
OF THE MONTE CARLO METHOD

In this work, we explore the latent space of a denoising
variational autoencoder with a mixture-of-Gaussians

prior (VAE-MoG). To evaluate how well the model
captures the underlying structure, we use Hamiltonian
Monte Carlo to draw posterior samples conditioned on

clean inputs, and compare them to the encoder's
outputs from noisy data.
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CHARACTERIZATION OF CRYOGENICS
REFRIGERATOR FROM CLASSICAL

DESCRIPTION TO SINDY/KAN

Physicist with a PhD from Drexel
University, recognized for his
contributions to nonlinear dynamics and
complex systems, and a recipient of the
Arthur Taylor Winfree Award and the
2023 Konex Diploma of Merit. He is a
Full Professor at the University of
Buenos Aires and a Senior Researcher
at CONICET.

DYNAMIC SYSTEMS AND
ARTIFICIAL INTELLIGENCE

APPLIED TO DATA
MODELING

Dr. Gabriel Mindlin 

CONGRESS
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FINAL WORK PROPOSAL: 

We model and analyze a cryogenic refrigerator using both
physics-based and data-driven approaches. Thermal
parameters are first identified from experimental step
responses through least-squares fitting. Then, Sparse
Identification of Nonlinear Dynamics (SINDy) and Kernel
Adaptive Networks (KAN) are applied to capture nonlinear
behavior directly from data. This hybrid framework links
physical insight with data-driven modeling, enabling accurate
and interpretable system characterization.



PhD in Engineering, as well as a degree in Electronic
Engineering. His research spans microelectronics,
solid-state physics, and the study of ionizing radiation
effects on semiconductor devices, with a particular
focus on the physics and behavior of MOSFET and
CMOS technologies for integrated circuit design and
optimization. 

The objective of the course is for students to
acquire the knowledge and skills necessary
to design a CMOS integrated circuit using a
commercial technology. Throughout the
course, students carry out a project in which
they must plan, design, simulate, and verify a
CMOS chip. By the end of the course,
students are expected to be capable of
undertaking the design of application-
specific integrated circuits (ASICs) for
research projects, their doctoral theses, or
as a tool for innovative technological
developments.

CMOS INTEGRATED CIRCUIT
DESIGN

Dr. Mariano
Garcia-Inza

COMPARATIVE DEVELOMPMENT OF XOR
GATE IN NEURON CMOS TECHNOLOGY
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FINAL WORK PROPOSAL: 

SYNTHESIS, MODELING, ANALYSIS AND SIMULATION
METHODS, AND APPLICATIONS TO CIRCUIT DESIGN

This work presents a comparative
development of XOR logic gates implemented
using neuron CMOS technology. The study
evaluates design strategies, performance
metrics, and potential advantages in terms of
power efficiency, speed, and area compared
to conventional CMOS implementations.


