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Abstract. Cosmic rays are still the focus of many experiments well after their first discovery. One of these
experiments is the Pierre Auger Observatory, in which cosmic rays are detected through various methods. The
observatory has been upgraded throughout the years with multiple new projects, one of which is MARTA, a
project developed in order to better the knowledge of high-energy cosmic rays and their composition. This paper
presents a study done on a DAQ board of MARTA to determine problems within and improve its performance.
Several tests on the multiple functionalities of the acquisition software were performed to conclude about its
efficiency. These experimentations show that the charge measurement, apart from the expected fluctuations,
remains constant through different rates of triggers. However, the efficiency of trigger detection is optimal only
for the lower rates. In one of the functionalities, "rate", a bug was found alongside its explanation.
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1 Introduction

1.1 Cosmic rays

Cosmic rays are tremendously energetic particles that
propagate throughout space. These particles are nuclei
produced in some of the most violent events in the uni-
verse. Once they come into collision with the atmosphere
of Earth, they interact with its particles, creating extensive
air showers, which are the cascades of particles obtained
as an outcome of said collisions.

There are two methods of detection of cosmic rays: di-
rect and indirect. The first employs balloons or satellite-
borne detectors, while the second measures the air show-
ers. Overall, both complement each other. The direct tech-
nique is the most accurate. However, it is not possible to
obtain sufficient statistics due to the space and weight re-
straints of the balloons and satellites. As a result, interac-
tions of high-energy cosmic rays with the atmosphere are
measured at ground level using different types of detectors
such as radio, particles, and light, while low energy rays
(10' eV) are measured by the direct method.

1.2 The Pierre Auger Observatory

The Pierre Auger Observatory, located in Argentina and
with a detection area of 3,000 km?, is the leading cos-
mic ray observatory. Designed by the Pierre Auger Col-
laboration with the purpose of better understanding high-
energy cosmic rays and their origin, it counted on the work
of more than 500 physicists from about 100 institutions.
The observatory’s construction began in 2002 and ended
in 2008. However, it has collected data since 2004, gain-
ing detectors as they became functional until 2008.

The observatory, classified as a hybrid detector, consists
of a surface detector as well as a fluorescent detector. The
surface detector is composed of 1660 water-Cherenkov
stations and the fluorescent one comprises four stations
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with six telescopes each as seen in Figure[I] The amount
of time that the detectors are active is different for each.
The surface detector is always operative, while the fluores-
cent one only records the light produced in the atmosphere
by air showers on dark moonless nights. However, the
measurements taken from the fluorescent detector are still
of great importance. By measuring hybrid events, there is
a way to calibrate the surface detector. Hence, a way to
obtain more precise values for the energy of the particles.
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Figure 1. The Observatory: Each dot represents a surface decte-
tor station. There also are represented the 4 fluorescent stations
along with each angle for its telescopes. Taken from [1].

1.2.1 Detectors

1.2.1.1 Surface Detector

The surface detectors are cylindrical tanks filled with pure
water that are able to measure Cherenkov light created
by the movement of particles through the tank. The sta-
tions are self-powered by a solar power system, which
supplies an average of 10 Watts for all the needed elec-
tronic components such as a GPS receiver, processor, radio
transceiver and power controller alongside the photomul-
tipliers, key elements to the process of detection of parti-
cles. These photomultipliers are in charge of recording the
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